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Abstract 

Background: Streptococcus pneumoniae is an encapsulated bacterium responsible for 

pneumococcal disease, with over 100 serotypes identified. Pneumococcal disease is a leading 

cause of morbidity and mortality in the UK and is categorised as non-invasive (sinusitis, otitis 

media and non-bacteraemic pneumonia) and invasive (bacteraemia and meningitis). Adults 

aged ³65 years, or with certain underlying comorbidities, are at increased risk of pneumococcal 

disease. Pneumococcal conjugate vaccines (PCV13 and PCV20) have been successively 

licensed to help protect adults against pneumococcal disease caused by serotypes in each 

respective vaccine. The Joint Committee on Vaccination and Immunisation (JCVI) are 

responsible for advising the UK Government on immunisation programmes, reviewed PCV13 

in 2015 but did not recommend its use in adults, based on cost-effectiveness.  

Aim: A large epidemiological plan was devised to address data gaps and to establish a scientific 

consensus for parameters used in future health economic modelling.  

Method: Work was initiated to critically assess modelling and identify shortcomings in the 

evidence. Key parameters identified with incomplete evidence were: 1) incidence of 

hospitalised community-acquired pneumonia (hCAP), 2) hCAP costs and 3) risk quantification 

for comorbid adults. Studies were designed and executed generating evidence for these key 

parameters. 

Outcome: Peer-reviewed manuscripts were published describing evidence gaps, and evidence 

generated. This included estimates (pre- and intra-COVID-19 pandemic) of all-cause hCAP 

incidence of >450/100,000 in UK adults compared with a previous estimate of 80/100,000. 

Contemporary hCAP costs were estimated to be £3,904 vs. a prior estimate of £715. Finally, 

data were published reporting hCAP odds ratios for comorbid adults 1.18 (CI: 1.13, 1.23) for 

diabetes mellitus to 5.48 (CI: 5.28, 5.70) for chronic respiratory disease. In June 2023 the JCVI 

provided new advice for the adult pneumococcal programme, with a preference for PCV20, to 

help protect adults aged ³65 years and all adults with certain underlying comorbidities. 
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1 Introduction

1.1 Streptococcus pneumoniae (pneumococcus) 

Streptococcus pneumoniae (the pneumococcus) is a Gram-positive, encapsulated pathogen 

causing many disease manifestations. It is a leading cause of morbidity and mortality in the 

UK.[1, 2] Its capsule is an important virulence factor impeding phagocytosis but also a vaccine 

target. More than 100 polysaccharide capsules (serotypes) have been identified.[1] 

Traditionally serotypes were identified by the Quellung reaction using specific antisera,[3] but 

molecular methods are increasingly preferred.[4]  

Figure 1: Electron micrograph of Streptococcus pneumoniae with its surrounding polysaccharide capsule. 

Taken from The Vaccine Book (Second Edition).[5] 

Pneumococcal disease is categorised as non-invasive and invasive.[1] Non-invasive disease  

manifests as non-bacteraemic pneumonia, otitis media and sinusitis. Invasive disease, includes 

bacteraemic pneumonia, bacteraemia and meningitis and can occur as progression of non-

invasive disease.[2] Pneumococcal disease predominantly affects the most vulnerable i.e., 

infants, older adults and those with immunodeficiencies.  

The pneumococcus is part of the commensal flora of the upper respiratory tract, colonising the 

nasopharynx from the first few days of life in developing countries and approximately six 

months in developed countries.[5] Pneumococcal carriage is a pre-requisite for disease, 

however, the precise mechanism of action has not been fully characterised. The presence and 

role of colonisation in children differs from adults.[6] With a peak prevalence in 3-year-olds, 

young children are the most frequently-colonised group.[6] Carriage rates between 27.8%-
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37.9% were reported from a longitudinal study of 1-4 year olds in Southampton between 2006-

2018.[7] Colonisation is often harmless; however, it can lead to disease if the ‘right’ conditions 

are present, particularly in developing or dysfunctional immune systems. A mature immune 

system responds differently to the immune system of a young child when challenged by the 

pneumococcus. It is generally accepted that colonisation rates in adults are <10%.[8] It has 

been shown that low-level carriage in healthy adults serves as a natural booster, providing a 

protective effect against both the colonising serotype and more broadly.[9, 10] This is different 

in adults categorised as being at high-risk of developing pneumococcal disease, whose immune 

function is in some way altered, resulting in carriage that more frequently translates into 

disease. It is thought that in this circumstance, disease is preceded by only a short period of 

carriage.[10] Pneumonia is the most common manifestation of pneumococcal disease in 

adults.[2] 

 

1.2 Pneumococcal Infection 

1.2.1  Pneumonia 

The pneumococcus is the leading causative agent of bacterial pneumonia.[11-13] The risk of 

pneumonia increases with age and in individuals with additional risk factors including lifestyle 

choices, chronic comorbidities, and immune compromise. [13, 14] Pneumonia occurring in 

hospital patients, >48 hours after admission is termed ‘hospital-acquired’ pneumonia (HAP); 

otherwise, it is termed community-acquired pneumonia (CAP). General Practitioners can treat 

cases of pneumonia with antibiotics (typically amoxicillin for low severity cases, or a 

macrolide for patients with known penicillin allergy.[15] More complicated or severe cases 

need hospitalisation and their illness is termed ‘hospitalised CAP’ (hCAP).  

Pneumococcal pneumonia is officially categorised as non-invasive pneumococcal disease, 

however, if the pneumococcus enters the bloodstream, it becomes bacteraemic pneumococcal 

pneumonia (between 5-15% of cases), which is categorised as invasive pneumococcal disease 

(IPD).[1, 5] A prospective pneumococcal pneumonia study in England reported an overall 30-

day case fatality rate of 7.5% for adults aged ³ 16 years,[12] however, it is widely accepted 

this is higher in the elderly. Arnold and colleagues in the US found a 30-day case fatality rate 

of 17% for adults aged ³ 65 years hospitalised with CAP in Louisville, US.[16] 

A blood culture can diagnose a bacteraemic pneumococcal pneumonia, however, diagnosing 

non-invasive pneumococcal pneumonia is more difficult. Evidence of the causative pathogen 
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is required to confirm pneumococcal pneumonia which can be achieved through culturing the 

organism from an otherwise sterile site, by urinary antigen detection tests or by sputum 

culture.[17]  

Although not ideal from an antibiotic stewardship perspective, in clinical practice, treatment 

for bacterial pneumonia does not rely on identifying the pathogen. Furthermore, antibiotic use 

can affect the sensitivity of diagnostic assays, which is problematic since up to 40% of adult 

patients receive antibiotics prior to collecting diagnostic samples.[17, 18] This is further 

compounded by additional costs incurred for conducting diagnostics. Due to the low and 

inconsistent use of diagnostics for routine clinical care, only formal research can provide 

reliable estimates of disease prevalence and incidence. 

Cases of hospitalised pneumonia are recorded in England’s national hospital database known 

as Hospital Episodes Statistics (HES), primarily for the purpose of reimbursement of treatment 

costs. It is not possible to reliably ascertain from HES data whether a hospitalised pneumonia 

case had hCAP or HAP. Furthermore, most cases (99%) of pneumonia in HES are recorded as 

‘unspecified’ as opposed to assigning a (pneumococcal or other) aetiology.[19, 20] 

 

1.2.2 Otitis Media  

Acute Otitis Media (AOM) is a common infection in young children, affecting the middle ear, 

and is treated with antibiotics.[21] It is the most common manifestation of pneumococcal 

disease, with Streptococcus pneumoniae isolated from 28-55% of middle ear aspirates.[5] 

AOM is largely managed through primary care, though severe cases can lead to invasive 

disease and require hospitalisation. After the introduction of pneumococcal vaccines into the 

childhood immunisation schedule in the UK, cases of AOM declined which, in turn, led to a 

sharp reduction in antibiotic prescribing.[21] Haemophilus influenzae and Moraxella 

catarrhalis have now overtaken the pneumococcus as causes of AOM.[22]  

 

1.2.3 Invasive pneumococcal disease 

Invasive pneumococcal disease (IPD) is the most serious form of pneumococcal disease and 

includes pneumococcal meningitis, pneumococcal bacteraemia and pneumococcal bacteraemic 

pneumonia.[14] The case fatality rate for both pneumococcal meningitis and bacteraemia in 
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adults, not associated with pneumonia, is 20% and, for cases of bacteraemia, this increases up 

to 60% in the elderly.[5] 

 

1.3 Prevention of Pneumococcal Disease 

1.3.1 Pneumococcal Vaccines and Manufacturers  

There are several strategies that can help to prevent pneumococcal disease in adults. 

Maintaining a healthy lifestyle by not smoking, maintaining a healthy weight, good diet and 

exercise helps to prevent risk factors for pneumococcal disease from developing.[23] Targeted 

prophylactic antibiotics for people at-risk of pneumococcal infection could be used but would 

have negative consequences, including driving antimicrobial resistance. Recently, the COVID-

19 pandemic showed that non-pharmaceutical interventions i.e., social distancing had a 

dramatic effect in preventing pneumococcal disease; however, cases quickly rebounded once 

restrictions were lifted.[24]   

The most practical strategy to prevent pneumococcal disease is through vaccination and two 

types of pneumococcal vaccines exist: polysaccharide vaccines and conjugate vaccines. The 

use of pneumococcal vaccines has profoundly impacted the epidemiology of the 

pneumococcus,[12, 25] which therefore must be viewed in the context of these vaccines. 
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Vaccine Name Manufacturer 

7-valent pneumococcal conjugate vaccine (PCV7) Pfizer Inc. (formally Wyeth) 

10-valent pneumococcal conjugate vaccine (PCV10) GlaxoSmithKline Plc 

13-valent pneumococcal conjugate vaccine (PCV13) Pfizer Inc. (formally Wyeth) 

15-valent pneumococcal conjugate vaccine (PCV15) Merck & Co., Inc. 

20-valent pneumococcal conjugate vaccine (PCV20) Pfizer Inc. 

23-valent pneumococcal polysaccharide vaccine (PPV23) Merck & Co., Inc. 

Table 1: Table of licensed pneumococcal vaccines with their respective manufacturers 

1.3.2 PPV23 

PPV23 was first approved for use in 1983[26] and, in the UK, is licensed to prevent both 

pneumonia and IPD[27]. In 1992 it was first recommended for adults in risk groups and 

subsequently in 2003, for all adults aged ³65 years. PPV23 is a pneumococcal polysaccharide 

vaccine comprising of capsular polysaccharides from 23 pneumococcal serotypes (1, 2, 3, 4, 5, 

6b, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F and 33F). PPV23 

elicits a B cell-dependant immune response resulting in the production of IgM.[28] Children 

under 2 years old are not recommended to be vaccinated with PPV23 due to their immature 

immune system being unable to produce an acceptable immune response.[28] 

There is a general consensus that PPV23 is somewhat effective against IPD, although the extent 

and duration of protection is not clear.[29-31] However, controversy exists regarding vaccine 

effectiveness of PPV23 against pneumonia, where data remain inconsistent.[29, 31-33]  

1.3.3 Pneumococcal conjugate vaccines 

Pneumococcal conjugate vaccines contain pneumococcal capsular polysaccharides conjugated 

to a highly immunogenic non-toxic diphtheria toxoid protein called Cross-Reactive Material 

197 (CRM197). This elicits a complex T cell-dependant immune response, stimulating T helper 
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cells, and in an enhanced primary response and generation of memory B cells, which can 

facilitate a booster response.[28, 31] 

In 2000 PCV7 (against serotypes 4, 6B, 9V, 14, 18C, 19F and 23F) was licensed for use in the 

USA to prevent pneumococcal disease and was shown to be effective in substantially reducing 

the burden of IPD. Three priming doses were administered at 2, 4 and 6 months followed by a 

booster dose at 12-14 months.[34]  

The reduction in vaccine type (VT) disease led to the phenomenon of serotype replacement. 

This occurs where VT serotypes in the nasopharynx are replaced by previously rare serotypes, 

which then go onto cause pneumococcal disease. PPV23 does not induce mucosal immunity 

and therefore did not affect nasopharyngeal carriage. However, PCVs do induce mucosal 

immunity, and it is this immune pressure that causes serotype replacement.[35, 36] After the 

introduction of PCV 7 serotype replacement was particularly evident with the rises of serotypes 

7F, 19A and 22F).[36-39] Considerable research has been conducted to determine how the 

pneumococcus is able to do this. The genes responsible for polysaccharide capsule synthesis 

and regulation and their location on the chromosome have been identified.[36, 39] This 

facilitated further research which has been able to describe the mechanism of action of capsule 

switching, which occurs through genetic recombination.[36, 39] Evidence from whole genome 

sequencing shows that although some replacement after the introduction of PCV7 was due to 

capsule switching, the majority was due to non-VTs filling ecological niches. However, the 

evolution of the pneumococcus in response to PCVs likely continues.[40] 

In response to evolving serotype epidemiology, higher valency PCVs were developed by GSK 

and Pfizer and, in 2009 and 2010, marketing authorisations were granted for PCV10 (PCV7 + 

1, 5, 7F) and PCV13 (PCV10 + 3, 6A, 19A) respectively.[38]  

PCV10 was only approved for use in children but PCV13 also gained a license for use in adults 

for protection against IPD; however, the FDA omitted pneumonia from the adult license due 

to a lack of evidence. Subsequently, a large prospective efficacy study, Community-Acquired 

Pneumonia immunisation Trial in Adults (CAPiTA), was conducted in Dutch adults, which 

demonstrated PCV13 efficacy against IPD and pneumonia.[41] Shortly afterwards, a 

recommendation for PCV13 was made in the USA for adults aged ³65 years.[42]   

Further serotype replacement was evidenced (see Figures 2 and 3) and new, higher valency 

PCVs were developed: specifically, PCV15 (PCV13 + 22F, 33F) and PCV20 (PCV15 + 8, 
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10A, 11A, 12F, 15B) were licensed for use in adults only in 2021, with paediatric licenses 

granted in 2022 and 2023 respectively. [43]  

PCV15 and PCV20 were licensed for UK adults in 2021 and 2022 respectively.[1] 

 

 

1.4 Pneumococcal Epidemiology in the UK 

1.4.1 IPD Epidemiology in the UK 

IPD surveillance, led by UK Health Security Agency (UKHSA) (formerly known as Public 

Health England and the Health Protection Agency but referred to only as UKHSA in this 

critical analysis), provides excellent insight into the local epidemiology in England.[44] Until 

2016/17 this programme covered both England and Wales but from 2017 onwards, only 

includes England.[24, 25] UKHSA mandates reporting all cases of IPD diagnosed in England 

to the  Respiratory and Vaccine Preventable Bacteria Reference Unit, UKHSA, Colindale, 

London specifying “Cases of IPD are defined as Streptococcus pneumoniae cultured from a 

normally sterile site.”[45] The UKHSA also seeks the pneumococcus culture for serotyping  

together with demographic data.[45] Since the introduction of PCV13 less than 10% of isolates 

sent to Colindale could not be serotyped and less than 1% of cases reported were missing age 

data.[45]  This programme provides a dynamic comprehensive surveillance system that 

accurately reports IPD incidence stratified by serotype.[24, 45] In 2022/23 a total of 4,598 

cases were submitted and IPD incidence, stratified by age and vaccine type (PCV13), since 

2000 is shown in Figures 2 and 3.[24] Case numbers in 2022/3 reflect a near-full rebound in 

disease after the sharp decline seen during the COVID-19 pandemic, specifically related to 

social distancing measures.[24]  

Figure 2 shows the dramatic impact that PCV7 and then PCV13 had on IPD in children, who 

received direct PCV vaccination, but also the indirect effect they elicited for unvaccinated 

adults. Figure 3 provides a more granular insight into the evolution of IPD serotype 

epidemiology, across age groups between 2017 and 2023. Although the majority of IPD is now 

caused by non-PCV13 serotypes there is a persistent burden of disease especially in adults. It 

is evident that individual serotypes affect the age groups differently. The most troublesome 

serotypes across all ages are ST3, 19A & 19F but with a greater representation of other PCV13 

STs in older age groups; ST3 also remains a particular problem in this population. These data 
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demonstrate the role that serotype replacement has had on dampening the overall impact of 

these vaccines on IPD and why higher valency PCVs are needed. 
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Figure 2: “Corrected disease incidence by age group, serotype group, and financial year, 2000–01 to 2022–
23. The scales of the y-axes vary.” Taken from Betran et. al Lancet Infect Dis. 2024 Feb 1:S1473-
3099(23)00706-5.[24] 
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Figure 3: “Invasive pneumococcal disease cases by financial year, serotype, and age group.” Taken from 
Betran et. al Lancet Infect Dis. 2024 Feb 1:S1473-3099(23)00706-5.[24] 
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1.4.2 Pneumococcal hCAP Epidemiology in the UK 

A recent, (though pre-COVID-19 pandemic) prospective, multi-centre study of pneumonia 

conducted in Nottingham, Liverpool and Edinburgh has reported that approximately 40% of 

all hCAP is caused by the pneumococcus.[46] Although the distribution of serotypes causing 

pneumococcal hCAP is similar to the epidemiology for IPD there are differences. This study 

used a 24-valent UAD assay developed by the UKHSA which covers all serotypes in PPV23 

+ 6A and therefore provides more detailed, contemporary information for hCAP than has

currently been published for IPD.[12]
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Figure 4: “Pneumococcal serotypes detected in patients by Bioplex-24 assay, grouped according to 

pneumococcal vaccine class in adults with pneumococcal CAP (N = 721).” Lansbury et. al Lancet Reg 

Health Eur. 2023 Dec 11:37[46] 
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1.5 UK pneumococcal vaccine policy 

The Joint Committee on Vaccination and Immunisation (JCVI) is a statutory advisory 

committee that advises the Secretary of State for Health on vaccination and immunisation 

services.[47] The JCVI has a responsibility to assess vaccination programmes for cost-

effectiveness, which is defined as being justified when the cost is less than £20,000-£30,000 / 

Quality-Adjusted Life Year (QALY) gained.[47] 

 

PPV23 is currently recommended for use in the UK for all adults aged ³65 years and anyone 

aged ³2 years who is at-risk of pneumococcal disease, as defined in the Green Book.[1] The 

Green Book is owned and authored by the UK Department of Health & Social Care to provide 

an authoritative reference for all UK vaccine programmes by reflecting advice provided by the 

JCVI.[48]  

PCV7 was first licensed for use in infants <2 years old in the UK in 2001[38] but was not 

introduced into the schedule until 2006, when the UKHSA mandatory pneumococcal 

surveillance system was established.[1] Unlike in the USA, PCV7 was introduced in the UK 

with only 2 priming doses, followed by a booster dose (2, 4 and 12 months), also known as 

2+1.[1] At the time, the UK was the first and only country using a 2+1 schedule, which was 

outside of the approved license. PCV7 quickly demonstrated impact in this 2+1 schedule. VT 

pneumococcal disease in infants who had received the vaccine was reduced; in addition, VT 

disease in children and adults who were not vaccinated also reduced due to the indirect/herd 

effect.[37] PCV13 replaced PCV7 in the infant programme in 2010, causing a further reduction 

in VT disease in both those directly vaccinated but also those who were not via the indirect 

effect. 

In 2015 the JCVI were asked to consider whether PCV13 should be introduced to directly 

protect adults aged 65 but recommended against it based on a cost-effectiveness analysis 

(CEA).[49]  This analysis concluded that PCV13 needed a negative price to be cost-

effective.[29] 

In 2018 the JCVI provided new advice for how PCV13 should be used in the childhood 

programme advocating a single priming dose followed by a single booster dose, referred to as 

a 1+1 schedule, which constitutes an “off-license” use.[50] A number of specific criteria had 

been laid out that had to be met in order to go ahead with this programme which included: 

evidence of “a mature vaccination programme, where vaccine-type carriage is largely 
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eliminated in the community, high vaccine coverage of both doses can be assured, and careful 

monitoring is feasible.”[51] Immunogenicity data from a study funded by the National Institute 

for Health and Care Research and the Bill & Melinda Gates Foundation evaluating a PCV13 

1+1 schedule were published, providing evidence that a booster dose induced an immune 

response that was non-inferior to a 2+1 schedule.[52] The UK became the first country in the 

world to introduce a 1+1 schedule. 

 

1.6 My Role / Research 

I joined the Pfizer Vaccines Medical Affairs team in May 2015 as the UK lead for PCV13. 

Shortly afterwards, van Hoek & Miller published their model, which had been used to guide 

decision-making for PCV13 in UK adults.[29] Through critiquing this publication I was able 

to identify uncertainties and data gaps that existed. To address the data gaps identified, I put 

together a large epidemiological plan to ensure a robust evidence base existed for the next 

review of the adult programme. 

PCV20 was already in development when I started my research and, with this in mind, my 

early work was based broadly on pneumococcal disease. This meant it could support either 

PCV13 or PCV20, but more recent publications have a stronger focus on PCV20. 

Pfizer had also created a cost-effectiveness model for PCV13 in UK adults aged 65 years which 

concluded it would be a cost-effective intervention. Structurally this model was similar to the 

one published by van Hoek & Miller, but the input parameters used were markedly different.   

The parameters found to be contributing most substantially to this dichotomy were: firstly, 

estimates for the incidence of pneumococcal hCAP and secondly, the prediction for future 

levels of VT disease. For the van Hoek & Miller model, disease incidence estimates came from 

a prospective pneumonia study in Nottingham along with a prediction that PCV13 would elicit 

an almost perfect indirect effect, resulting in the near elimination of VT disease. See Figure 5 

below for graphs describing this for IPD and CAP.  
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Figure 5: Prediction of future IPD and VT hCAP incidence from the van Hoek & Miller model. Taken from 

van Hoek AJ, Miller E. PLoS One. 2016 Feb 25;11(2)[29] 

 

By contrast for the Pfizer model, disease incidence estimates came from an electronic 

healthcare records database for England and a predication for a smaller decline in VT disease 

in adults, followed by a steady state persistence, was made. 
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2 Aims & Objectives 

The aim of my research was to generate evidence for some of the key parameters needed to 

answer the public health policy question: “Would the introduction of a pneumococcal 

conjugate vaccine for at-risk adults in the UK be a cost-effective public health intervention?” 

The key parameters my research supported were: 

1) Defining the UK burden of pneumococcal hCAP. 

 

2) Evidence for risk of pneumococcal disease among adults with underlying comorbidities.  

 

3) Hospital costs for hCAP.  

 

The objective of my research was to close these key data gaps and to establish a scientific 

consensus for parameters to be used in health economic modelling.  
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3 The Burden of Disease 
3.1 Publication 1:  A systematic review of the burden of vaccine preventable 

pneumococcal disease in UK adults[2]  

Research in Context 

The JCVI’s 2015 decision not to recommend PCV13 for older adults was partially driven by 

modelling that used incidence estimates for PCV13 preventable disease, derived from a single 

study conducted in Nottingham. It was therefore important to evaluate all UK data describing 

the burden of pneumococcal vaccine-preventable disease. To address this knowledge gap, I led 

a collaboration between Pfizer and the University of Dundee to conduct a systematic review. 

Aims 

To establish the burden of both, non-invasive and invasive, vaccine type and non-vaccine type 

pneumococcal disease in UK adults.[2]  

Methods 

A systematic review of observational studies in the UK conducted in line with MOOSE (meta-

analysis and systematic review of observational studies epidemiology) guidelines.[53] A 

comprehensive literature search was conducted using PubMed and EMBASE for the period 

between 1990 to September 2015.[2]   

Results 

Of 2,483 papers identified, 38 cohorts were selected for data extraction. Robust data sources 

were limited to the UKHSA national surveillance programme (covering England + Wales) for 

IPD and a prospective observational study in Nottingham (Nottingham study) for hCAP. 

Evidence of the herd-effect against VT IPD and hCAP in adults due to the infant PCV7 and 

subsequent PCV13 programmes, was observed. However, the burden of VT IPD remained high 

at ~20% of all IPD for adults aged ³65 years in 2013, and IPD ensues from only around 10% 

of the number of cases of pneumococcal CAP. Only limited data existed on the serotype 

distribution in risk groups and no data were available for pneumococcal CAP managed in the 

community.[2] 

Strengths and Limitations 

The paper comprised a formal systematic review that used pre-specified inclusion / exclusion 

criteria and reported on high-quality data. The main limitation was the paucity of serotype-
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specific prospective data for hCAP. Although there was only one source of data for IPD - the 

UK pneumococcal surveillance programme – it is a well-established, high-quality programme 

measuring incidence and serotype trends for most of the UK population.[24] However, the 

hCAP Nottingham study, which was funded by Pfizer as an investigator-initiated research 

study, was primarily designed to evaluate pneumococcal serotype trends,[19] for which it is 

robust over time; however, hCAP incidence estimates reported from this study should be 

interpreted with caution due to its study design.[54]   

Contribution to the literature 

The data presented by this study suggest that VT pneumococcal disease continues to cause a 

high burden in UK adults despite the impact of childhood PCV13 vaccination. Furthermore, 

IPD estimates represent only a fraction of the total burden of pneumococcal disease. This 

review provides a thorough analysis of evidence in the UK, describing the burden of 

pneumococcal disease. It highlighted areas of high-quality, robust data but also highlighted 

considerable data gaps, specifically related to incidence data for hCAP. Although the data for 

this study were limited to the UK, the disease-specific aspect of the findings are applicable for 

other similar countries. 

According to PubMed in November 2024, this publication has been referenced 33 times, 

including as part of a Cochrane Review of pneumococcal vaccines to prevent pneumonia in 

chronic obstructive pulmonary disease.[55] 
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3.2  Publication 2: Community-acquired pneumonia in the United Kingdom: a call to 

action[19]  

Research in Context 

The systematic review on pneumococcal disease (Publication 1) confirmed that prospective 

pneumonia data relevant to PCV performance in the UK were limited to the Nottingham 

study.[2] When reviewing the van Hoek & Miller publication,[29] I identified analyses that 

questioned the accuracy of pneumonia incidence estimates reported by the Nottingham study.  

Specifically, I had noted that a sensitivity analysis had been conducted by van Hoek & Miller 

using double the incidence of pneumonia reported in Nottingham. Within appendix 1 of the 

supporting information, two tables help describe multiple assumptions, that attempted to 

compare hCAP incidence estimates. These estimates were derived from the Nottingham study 

in 2008/9, the CAPiTA study (which was not designed to report incidence and was conducted 

in The Netherlands) and English national HES data. Incidence estimates from Nottingham were 

approximately half those identified in the CAPiTA study and HES.[29] This explains why a 

sensitivity analysis using double incidence for CAP was conducted by van Hoek & Miller, but 

also questions the accuracy of the data. Moreover, the HES incidence estimates in the second 

comparison table in appendix 1,[29] came from the year 2004/5 from a study in England, which 

found hCAP incidence increased by 34% over 8 years.[56] 

The Nottingham study had been funded by Pfizer as an investigator-initiated research study, 

and I was the study manager. Primarily, it had been designed to evaluate pneumococcal 

serotype trends, not to estimate disease incidence, but incidence had been reported.[54] 

Furthermore, the van Hoek & Miller model only considered hCAP and not pneumonia 

managed in the community. The most recent UK prospective study of CAP in the community 

was conducted by Woodhead and colleagues in 1987.[57] They found that 80% of all-cause 

pneumonia presented in primary care.[57]  

Aim 

This paper attempted to identify and highlight shortcomings and data gaps regarding 

pneumonia in the UK, in the format of a short commentary. 

Methods 

I convened a face-to-face meeting in London with relevant experts to review a small 

comparative analysis I had conducted. This compared incidence data reported by the 
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Nottingham study with HES data for hCAP for the same two hospitals used for the Nottingham 

study. The subsequent discussion was written up as a commentary/discussion piece. 

Results 

This analysis reported a 5-fold greater number of cases of all-cause hCAP in HES compared 

with hCAP cases reported by the Nottingham study at the same hospitals. As an author group 

we published a short commentary based on our discussion, which concluded in an urgent call 

for action for research in the field of pneumonia.[19] A chronic lack of investment in 

pneumonia existed compared with other diseases. This needed attention due to the large burden 

that pneumonia places on the NHS.  

Strengths and Limitations 

This paper was written by a diverse mix of recognised UK experts in their field. It was 

supported by data and raised questions related to an important public health decision in the UK. 

This paper raised the profile of pneumonia research and highlighted the potentially damaging 

consequences of continuing to overlook pneumonia research. 

A limitation of this publication is that incidence data from Nottingham were derived from a 

prospective observational study whereas the HES analysis was retrospective; moreover, HES 

data have previously been criticised for inaccuracies.[58] HES is however, used for financial 

reimbursement for all NHS hospitals in England.[59] Furthermore, the size of the discrepancy 

found here was unexpectedly large.  

In respect of pneumococcal disease incidence, Figure 6, attempts to compare incidence 

estimates across several countries, but these came from different study designs, which 

confound comparison. In particular, the different studies used different age groups and age is 

a significant risk factor for hCAP. For example, the “UK bar” which reflects the Nottingham 

data, was only for the age group 65-74 because that is how the study team stratified their data. 

Upon reflection this was not scientific or appropriate and the age cohort for this figure should 

have been standardised across each study. 
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Figure 6: Incidence rates of CAP around the world. *Age group 65–74 years only. CAP, community-

acquired pneumonia; CAP IC, community-acquired pneumonia in children; HCAP, healthcare-acquired 

pneumonia. Taken from Chalmers et. al Pneumonia (Nathan). 2017 Oct 5;9:15.[19] 

 

All authors took part in the discussion, and independently highlighted issues and data they felt 

were important. The final conclusions of the paper were not controversial: that additional 

attention and research in the field could only be a benefit from a scientific perspective. 

Contribution to the literature 

This paper gave prominence to potential inaccuracies regarding the UK’s only prospective, 

longitudinal study of pneumococcal hCAP. The Nottingham study had been designed to 

evaluate pneumococcal serotype trends, but study data were also used to estimate hCAP 

incidence, which was highlighted in this publication. 

In October 2014, the JCVI agreed that assessments of future vaccines should attempt to 

quantify the suppression of antimicrobial resistance (which is strongly associated with several 

vaccine-targeted serotypes)[60] as a potential benefit of vaccine programmes. This paper stated 

that this potential benefit of vaccines had still not been incorporated into the assessment 

process. The potential reduction of antibiotic prescriptions due to preventing cases of 

pneumonia, and the implication of this were therefore not considered when PCV13 was 
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assessed. [19, 29] This is a complex issue, and it appears that work is now underway to establish 

how antimicrobial resistance should be considered as part of the vaccine assessment 

process..[61] 

Although the primary focus of this paper was the UK many of the issues raised are not unique, 

as shown by the paucity of data available for figure 6; and it has since been referred to by 

researchers in other countries. 

This publication provided the foundation for the rest of my research. I presented the HES 

analysis described in this paper at the 2017 British Thoracic Society Winter Meeting.[59] 

According to PubMed in November 2024, this commentary had been cited 22 times, including 

by the NHS Long Term Plan.[62] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

36 of 261



 
 

3.3 Publication 3: The proportion of contemporary invasive pneumococcal disease 

and pneumococcal pneumonia in UK adults reflected by serotypes included in the 

13-valent pneumococcal conjugate vaccine and next generation higher valency 

pneumococcal conjugate vaccines in development[63] 

Research in Context 

At the time this paper was published, PCV13 and PPV23 were the only vaccines licensed in 

the UK to prevent pneumococcal disease in adults; however, there was an expectation that 

PCV15 and PCV20 would soon be licensed. The impact a vaccine can have depends on the 

burden of disease, but the epidemiology of the pneumococcus varies enormously between 

countries and over time.[64] This is in part due to the way vaccines are used in a country’s  

schedule. It is crucial therefore, to have local epidemiology data to determine how much 

disease could be prevented. In 2018 and 2020, papers were published describing contemporary 

data for both IPD and pneumococcal hCAP.[12, 25, 30] This provided an opportunity to 

analyse these new data and to put the potential benefits of PCV15 and PCV20 into context, 

assuming they were licensed.  

Aims 

We sought to amalgamate data describing the serotype coverage of both existing and new adult 

pneumococcal vaccines in relation to UK pneumococcal epidemiology, based on 

contemporary, publicly available data. 

Methods 

In 2020, an analysis was conducted on the data from the routine UKHSA IPD surveillance 

programme and the Nottingham study.[12, 25] Data were presented stratified by PCV i.e., 

PCV13, PCV15 and PCV20. 

Results 

The proportion of disease that could potentially be prevented by each PCV in adults based on 

the then contemporary data is presented in Figure 7. For IPD, in 2016/17 PCV13 and PCV15 

covered 22% and 33% of disease respectively whereas PCV20 covered 65%. The data were 

similar for hCAP where, in 2017/18, PCV13 and PCV15 covered 36% and 39% of disease 

respectively, whereas PCV20 covered 64%. 
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Figure 7: The numbers and proportions of cases due to serotypes included in PCV13, PCV15 and PCV20 in (A) 

IPD in adults 65+ years in England and Wales in 2016/17 (B) hospitalised pneumococcal CAP in adults 16+ years 

in Greater Nottingham. Figure taken from Vyse A, et al. Vaccine. 2020 Dec 3;38(51):8068-8070.[63] 

 

Strengths and limitations 

A key strength of this analysis is that it is based on prospectively collected peer-reviewed data.  

Two main limitations related to the data are – first – that they were already ~3-4 years old at 

the time of publication. Secondly, the difference in reporting of age groups between IPD and 

pneumococcal hCAP meant it was not possible to compare coverage data between the two 

manifestations of disease. Furthermore, while IPD data were national, pneumonia data were 

limited to a single geography. 

A criticism could be lodged that PPV23 coverage was not presented for comparison with the 

PCVs, but the objective was to highlight the potential benefits of PCV15 / PCV20; PPV23 was 

already part of the national immunisation programme.  

Contribution to the literature 

This publication brought together published UK evidence to emphasise the coverage of existing 

and soon-to-be-licensed PCVs. In 2015, van Hoek & Miller had predicted there would be near 

elimination of PCV13 VT disease, due to the paediatric herd effect.[29] This paper drew 

attention to the fact that this prediction had not come true. Therefore, this commentary marked 

a public challenge to evidence used for the decision not to introduce PCV13 for at-risk adults 

in the UK. In doing so it also underscores a critical shortcoming of the arguable, over-reliance 

on mathematical modelling, to make decisions. 

Although this publication has limitations, owing to the age of the data described and the 

vaccines it focused on, it provides a template that can be updated. When more contemporary 
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data and information about novel vaccines become available, analysis and presentation of these 

in a consistent format, based on this publication, would help facilitate a clear comparison of 

vaccine type serotype coverage, relative to the burden of disease. 
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4 Estimating Pneumonia Incidence 

4.1 Introduction 

The incidence of pneumococcal pneumonia is a critical parameter for any attempt to model the 

benefit of a pneumococcal vaccine. The pneumococcal incidence estimates from the 

Nottingham study appeared to be under-estimates, as described in section 3. The discrepancy 

identified through the HES comparative analysis, along with the discrepancy between hCAP 

estimates from Nottingham with other countries, warranted further scrutiny. 

It was necessary to work closely with the Nottingham study team to understand how patients 

were enrolled into the study to understand how patients might be missed. Findings from this 

work were presented, with the permission of the study team, as an oral presentation at the BTS 

Winter Meeting in 2017.[65] Figure 8 is an extract from this presentation showing the patient 

journey and inclusion / exclusion criteria for the study. (see appendix 2–A2.1 for complete 

presentation) 
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Figure 8: Patient Pathway in the Nottingham Study 
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In summary, patients in Nottingham were first identified by the study team reviewing the X-

Ray list for both study hospitals twice a week. The rationale for this was that a positive chest 

X-Ray was required for study enrolment, in addition to clinical features of pneumonia as 

defined by the BTS.[66] 

I was able to describe many causes of the discrepancy between the Nottingham study and the 

HES analysis. These causes included exclusion based on X-Ray status / interpretation, patients 

who did not provide consent, patients who were unable to / did not provide a urine or patients 

who presented to the hospital over the weekend. However, the problem remained that the only 

published prospective data came from the Nottingham study, which was not designed 

specifically to measure incidence.  

The only way to resolve the issue was to set up a new prospective study in the UK, specifically 

designed to estimate hCAP incidence. A collaboration between Pfizer and the University of 

Bristol was initiated.[67] 

 

This study was to be known as the AvonCAP study and was established at two large secondary 

care hospitals in Bristol - North Bristol NHS Trust (NBT), and University Hospitals Bristol 

NHS Foundation Trust & Weston NHS Foundation Trust (UHBW).[68] At the protocol design 

stage I shared my learnings with the study team and became an active member of the study 

team. The next three publications are related to AvonCAP.  
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4.1.1 Publication 4: A novel approach to estimate the local population denominator to 

calculate disease incidence for hospital-based health events in England[69] 

Research in Context 

AvonCAP was designed to measure the incidence of acute lower respiratory tract disease 

(aLRTD). aLRTD comprises pneumonia, non-pneumonic lower respiratory tract infection, 

acute bronchitis, exacerbation of underlying respiratory diseases (including asthma and chronic 

obstructive pulmonary disease) and acute heart failure.[70] For AvonCAP to estimate the 

incidence of aLRTD and therefore pneumonia, two data points were needed. Firstly, the total 

number of cases of aLRTD treated in the study hospitals, to provide the numerator. Secondly, 

the denominator, the total catchment population for the study hospitals, was equally critical but 

no standard methodology existed to estimate a hospital’s denominator for the purpose of 

incidence studies. The Nottingham study team had estimated their denominator using a 

population estimate from the Nottingham City Council based on census estimates for the 

Greater Nottingham area.[54] A problem I identified with this approach was that, due to its 

geographical location and proximity to other major towns and cities, there were a number of 

other hospitals within and around the Greater Nottingham area, which could admit Nottingham 

pneumonia patients.  

Map-based methodologies such as the approach used in Nottingham rely on census data within 

a boundary line drawn on a map. The scope for error is large due to the many non-specific 

assumptions made. A particular problem with this approach is related to an important principle 

of the NHS: that patients in England are free to choose where they receive medical care, free 

of charge at the point of use.[71] Since there is no mandated requirement for selecting a 

hospital, many factors determine the hospital at which a patient presents with aLRTD. Distance 

and travel time from home are, of course, major considerations but additional influences exist, 

such as “availability of public transport, parking availability / costs, traffic en route to the 

hospital, recommendations from General Practitioner, friends, family or personal experience / 

preference, hospital capacity, reputation, or provision of specialist services.”[69] Therefore, 

simple map-based approaches for estimating hospital local population size cannot be relied 

upon. 

Aim 

The aim of this publication was to describe an innovative data-driven methodology I devised 

to estimate hospital catchment populations to support incidence estimates for AvonCAP.[69] 
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Methods 

Novel methodology: 

Data captured in HES were linked with aggregated General Practice (GP) data to determine 

historical hospital utilisation behaviour of the population registered with each GP practice 

located within the geographical boundary of the Bristol, North Somerset and South 

Gloucestershire (BNSSG) Clinical Commissioning Group (CCG). The proportion of patients 

expected to use study hospitals for treatment of aLRTD was multiplied by the practice 

population for each GP surgery, stratified by age and combined with each GP in the CCG to 

provide a local population estimate for the study hospitals.[69] For clarity if: 

 
• E = Calculated catchment population 

• SHP = Number of patients at a GP practice hospitalised at a study hospital with aLRTD during 2017–2019 

• OL = Overall number of patients at a GP practice hospitalised in England with aLRTD during 2017–2019 

• POP = Local GP population 

• i = Each individual practice 

Then: 

 

 
 

Drive-time methodology:  

The BNSSG CCG responsible for the Bristol area had suggested using a 20-minute drive-time 

method to determine the denominator for the AvonCAP study. To evaluate the impact of 

altering this travel time, a comparison of drive-time estimates was undertaken. Drive-time data 

according to the Automobile Association were obtained from the CCG for small geographical 

areas used by the UK census known as Lower Layer Super Output Areas (LSOA) for each 

study hospital was obtained. UK population data stratified by LSOA were combined with the 

LSOA drive-time data to estimate the population by drive-time. (see Table 2) A map was also 

plotted to visually represent these data. (see Figure 9)[69] 

Results 

96% of patients treated at the study hospitals were registered with any of 82 GP practices within 

the BNSSG CCG. The expected proportion of patients from GP practices in the CCG varied 

from 12% to 100%. 
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Table 2: Comparison of study hospital catchment population estimates based on different approaches. Taken 

from Campling et. al Epidemiol Infect. 2022 Jul 11;150:e150.[69] 

 

 

Figure 9: Map showing travel time by car to study hospitals. Taken from Campling et. al Epidemiol Infect. 

2022 Jul 11;150:e150.[69] 

Strengths & Limitations 

This publication described a novel evidence-based method to define the denominator for the 

AvonCAP incidence study. The strength of this new method is that it is based on historical 

healthcare-seeking data. This provides an advantage compared with map-based methods, 
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which rely on multiple assumptions, all of which impact the final estimate. Had the study team 

used the 20-minute drive-time approach, as recommended by the CCG, it would have under-

estimated the catchment population by 22% (age ³18 years). This would have resulted in an 

over-estimation of hCAP incidence. Conversely, if a more simplistic map-based approach had 

been used, this would have over-estimated the denominator by 17% (age ³18 years), resulting 

in an under-estimation of hCAP incidence. 

There are, however, some limitations to this approach; firstly, it is dependent on adequate data 

for a particular disease i.e., a critical number of patients hospitalised with the disease being 

studied is required to provide confidence in the proportions for each GP surgery. This minimum 

number has not been quantified and was not necessary to establish for aLRTD due to its 

common presentation. Some practices, however, had small numbers, especially for younger 

adults, who are less likely to be hospitalised with aLRTD. Three years’ worth of data (2017-

2019) were combined, not only to minimise the effect of anomalous years, but also to increase 

the precision of the data.  

This method was effective for aLRTD because aLRTD is treated at all acute hospitals i.e., 

patients generally do not specifically look for hospitals specialising in aLRTD, in the way they 

might do for other diseases, such as cancer. Challenges would exist with specialist / rare 

conditions due to low numbers and the potential unpredictability for where patients may travel.   

In theory, this method could be used anywhere in England; however, reliability of the data 

would be negatively impacted in large cities with multiple hospitals and more transient 

populations.  

Contribution to the Literature 

To my knowledge this was the first peer-reviewed methodology using a patient-based, 

proportionate flow model to estimate hospital catchment populations for incidence studies in 

England. It has provided confidence in the denominator for the AvonCAP study, which has 

since published several incidence estimates.[68, 70] It also provides a standard for other 

incidence studies to work towards, ensuring due consideration is given when defining the 

denominator. 

In addition to defining a hospital catchment for incidence estimates this methodology can 

support planning for healthcare commissioning. The Office for Health Improvement and 

Disparities (unit within the British Government) now use the same proportionate flow principle 

for payors within the NHS to determine how much money hospitals are reimbursed for the care 
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they provide; this is evidenced by their publication in June 2022[72] and helps to validate and 

provide a consensus view for this methodology. 

This publication describes the importance of accurately estimating the denominator as well as 

the numerator for disease incidence studies. Although healthcare settings and systems differ by 

country the general principal of the approach described in this paper could be utilised outside 

of England, in those circumstances where patients have a choice as to which hospital they 

attend. 

Looking forwards, this methodology sets out how, with the benefit of GP level data, it would 

be possible to facilitate the same principle of proportionate patient flow but apply it for 

individual comorbidities. This could produce aLRTD incidence estimates using prospective 

data, stratified by pneumococcal risk groups, which to my knowledge has not been done before. 
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4.1.2 Publication 5: Incidence of acute lower respiratory tract disease hospitalisations, 

including pneumonia, among adults in Bristol, UK, 2019, estimated using both a 

prospective and retrospective methodology[70] 

Research in Context 

The Nottingham study was the only source of prospective hCAP data in the UK, as previously 

described. As part of the feasibility process for the AvonCAP study it was critical to understand 

approximate patient numbers (and disease incidence) for hCAP in the proposed study hospitals. 

This publication describes the exploratory work conducted to determine the viability of the 

AvonCAP study. 

All-cause aLRTD was studied rather than just pneumonia to provide a deeper insight into 

hospitalised respiratory illness. A literature search was conducted, which showed a paucity of 

data reporting aLRTD incidence in UK adults. Prior evidence suggested several factors meant 

previous estimates were likely underestimates, due to strict definitions required for each disease 

subset.[70]  

Aims 

To determine aLRTD incidence at a large secondary care hospital in Bristol using both 

prospective and retrospective approaches.[70] 

Methods 

Prospective Review: All adults aged ³18 years resident within the BNSSG CCG admitted to 

the acute medical unit at North Bristol NHS Trust (NBT) between 19 Aug 2019 – 9 Sep 2019 

were included in a survey of respiratory illness. Retrospective Review: All adult inpatient 

admissions at NBT recorded between March 2018 - February 2019 with relevant ICD-10 codes, 

were identified. Incidence Calculation: This was calculated using the prospective and 

retrospective numerators and the denominator was estimated using the methodology described 

in Publication 4.[69]   

Results 

aLRTD incidence estimates made for both the prospective and retrospective reviews, stratified 

by age and disease subgroup are shown Table 3. 
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Age hCAP Incidence (per 100,000) 

Retrospective Analysis 

hCAP Incidence (per 100,000) 

21-day Prospective Review 

³³18 591 645 

18-49 116 99 

50-64 315 433 

65-74 1,289 1,698 

75-84 2,442 2,339 

³³85 4,215 4,164 

Table 3: hCAP incidence estimates derived from both the retrospective and prospective approaches.[70] 

Incidence estimates from each approach were strikingly similar, with incidence increasing with 

age. 

Strengths & Limitations 

A strength of this paper was that two different approaches were taken to estimate aLRTD 

incidence. Previous research had reported hCAP incidence or hospitalised lower respiratory 

tract (LRTI) incidence; this was the first attempt to estimate aLRTD incidence in the UK.   

There were several limitations which need to be addressed. Firstly, the prospective component 

was based on 21-days of data collection, with the case count annualised. The 21-day period 

was carefully chosen to be representative of a whole year by analysing patient admissions, 

stratified by month, over the previous year. The period chosen for this analysis, 19th Aug – 9th 

Sep 2019 had a mean average number of admissions over the year, with a linear increase in 

admissions starting with a low in March to a peak in February, as shown in Figure 10.  
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Figure 10: The aLRTD admissions identified by retrospective International Classification of Diseases 10th 

revision (ICD-10) diagnostic code analysis at North Bristol National Health Service Trust—UK 2018–2019. 

Monthly number of patients admitted, based on ICD-10 coding analysis, with (A) all acute lower respiratory tract 

disease (aLRTD) (black bars), (B) pneumonia (slashed bars), (C) non-pneumonic lower respiratory tract infection 

(NP-LRTI) (white bars), (D) other LRTD (cross-hash bars) and (E) heart failure (grey bars). Taken from Hyams 

et. al BMJ Open. 2022 Jun 15;12(6).[70] 

However, many factors could have affected the number of admissions during this time-period. 

The retrospective component was based on ICD-10 coding data from a different year to the 

prospective data. The retrospective dataset would have included HAP because it difficult to 

distinguish between HAP and hCAP using coded data. This will likely have inflated the 

incidence in the retrospective, but not the prospective, analysis. 
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Contribution to the Literature 

This paper reported the first hCAP incidence estimates using prospective data (645/100,000 

for adults aged ³18 years) in the UK, other than the Nottingham study which had reported an 

hCAP incidence of 158/100,000 in 2017/18 for adults aged ³16 years.[12] The discussion 

section included a detailed explanation proposing why incidence estimates from Bristol were 

greater than those reported by the Nottingham study; these, included the process for patient 

enrolment and the choice of denominator. The output of this study supported the decision to 

proceed with the AvonCAP study.  

Notably, this study was based on data prior to COVID-19, so it provides the only prospective 

pneumonia incidence estimates in the UK, other than Nottingham, without COVID-19 

confounding the data. Furthermore, this was the first paper to estimate hCAP incidence using 

the novel approach to estimate denominators,[70] which has subsequently been used by the 

AvonCAP study.[68]  
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4.1.3 Publication 6: Incidence of community-acquired lower respiratory tract disease in 

Bristol, UK during the COVID-19 pandemic: A prospective cohort study[68] 

Research in Context 

This initial publication describing the AvonCAP study builds on Publication 5[70] and was the 

first large prospective study designed to measure hCAP incidence in the UK. The emergence 

of the COVID-19 pandemic in 2020 however, provided a unique opportunity to evaluate the 

impact of SARs-CoV-2 on aLRTD in the UK. The strict non-pharmaceutical interventions, 

introduced in response to the pandemic, had a profound influence on the management of and 

output of this study. Furthermore, although earlier studies had reported LRTI incidence, they 

were based on retrospective data.  

Aims 

To accurately estimate the incidence of aLRTD and its subsets, stratified by age, during the 

COVID-19 pandemic, and further stratify by confirmed COVID-19 disease.1[68] 

Methods 

All adults aged ³18 years admitted for acute care to NBT or UHBW with signs or symptoms 

of respiratory disease between 1st August 2020 - 15th November 2021 were screened for 

inclusion to the study. Cases infected with SARS-CoV-2 were defined by positive PCR tests 

conducted at UKHSA laboratories. Denominators were derived using a novel methodology, 

previously described.[68] 

Results 

12,557 admissions of aLRTD were recorded and 98% provided consent for the study. 3,178 

(26%) of the aLRTD admissions were related to SARS-CoV-2, 6,909 (55%) were due to 

infection but without evidence of SARS-CoV-2, leaving 2,161 (17%) with no documented 

infection. Incidence was calculated over a period of 12 months, 1st Aug 2020 – 31st July 2021. 

aLRTD. Reported hCAP incidence was similar to the retrospective study, with an overall hCAP 

incidence, not related to SARS-CoV-2, for all adults aged ³18 years and aged ³65 years of 

449.9/100,000 and 1,667.8/100,000 respectively.[68] This finding of continued high hCAP 

incidence during this time was unexpected due to the suppression of pneumococcal disease by 

non-pharmaceutical interventions. 

 
1 The study was designed prior to the COVID-19 pandemic therefore the COVID-19 aspects were included 
because of the pandemic. 

53 of 261



 
 

Strengths & Limitations 

This was a large prospective incidence study, meticulously designed to identify all eligible 

cases coupled with a robust methodology to estimate the denominator.[68]  The two hospitals 

that participated in the study were geographically close to one another, which helped to 

facilitate a close working relationship and consistency between the sites with some study team 

members working across both sites.  

From the perspective of determining hCAP incidence, a limitation of this study is that it took 

place during the COVID-19 pandemic, and so was affected by evolving non-pharmaceutical 

interventions, the use of COVID-19 vaccines, and changes to the dominant SARS-CoV-2 

variant(s). The study is still ongoing, with new data due to be reported later this and next year 

(2024/25), which will provide an opportunity to compare admission rates by month and year 

to align with the emergence of different variants and other viral infections.[68] 

Bristol is broadly representative of the UK population as subsequently evidenced by a 

retrospective analysis of HES data,[73] but it is not possible to definitively confirm this without 

other prospective sites in the UK. The demographic of the study population was largely white 

British (~75%) which is comparable with the UK overall, but not with other regions such as 

Greater London, West Midlands, or Greater Manchester.[74] 

Contribution to the Literature 

This study, designed to measure incidence of aLRTD, including hCAP reported an incidence 

of hCAP significantly greater than the Nottingham study as described above. Incidence 

estimates from this study were comparable with the previous pilot study which used both a 

retrospective and prospective approach.  

An important contribution of this study - despite confounding by the impact of COVID-19 – 

was that it showed aLRTD stratified by disease-subset, due to other aetiologies was substantial. 

In fact, even during the alpha and delta waves of the pandemic, non-SARS-CoV-2 aLRTD 

accounted for a greater burden of disease than SARs-CoV-2. This is particularly notable given 

that it was widely reported that influenza and RSV disease incidence decreased dramatically 

during the pandemic.[75, 76] In addition to the primary infection due to these viruses it is 

accepted that they trigger secondary infections due to the pneumococcus.[75, 77] 

Since the incidence of IPD in adults decreased during the pandemic,[24] the non-SARS-CoV-

2 aLRTD would have been largely due to other pathogens, but due to the absence of 

microbiology / serology, it is only possible to hypothesise the aetiology. According to a study 
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conducted by UKHSA in adults aged ³65 years prior to the pandemic, the most common 

respiratory pathogens causing hospital admissions after the pneumococcus, RSV and influenza 

were human metapneumovirus (hMPV) and Group A Streptococcus.[78] A study conducted 

between 2016 – 2021 in Israeli children aged £5 years showed that there was an almost 

complete elimination of hMPV elimination but a continuation of rhinovirus and adenovirus 

during the pandemic.[75] Irrespective of confirming the aetiology, this study showed that other 

pathogens were able to occupy this niche, which maintained a stable incidence of aLRTD. 
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4.2 Estimating Pneumonia Incidence - Summary 

The AvonCAP feasibility study and AvonCAP study (Publications 5 and 6)[68, 70], expanded 

the evidence base for hCAP incidence. Decision makers now need to review both the Bristol 

and Nottingham datasets. Scientifically, AvonCAP incidence estimates, which are supported 

by the feasibility study, are more robust given that AvonCAP was specifically designed to 

measure incidence, however, to an extent this is offset given it was conducted during the 

COVID-19 pandemic. Despite COVID-19, the AvonCAP study demonstrated the considerable 

hospital burden of other aLRTD. The contribution to the literature of this study is not confined 

to the UK. Rather, this was the first prospective study of its kind outside of the USA and the 

UK’s healthcare system is, in many respects, more comparable to those of other developed, 

(particularly developed European) countries than the USA.[79] 
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5  Risk Groups for Pneumococcal Disease 

5.1  Risk Groups - Introduction 

Adults in the UK with certain risk factors, defined in the Green Book[1] have been eligible for 

pneumococcal vaccination (with PPV23) since 2003. A small subset of these adults who are 

deemed to be at very high risk of pneumococcal disease are also eligible for PCV13.[1] This 

decision was taken in the absence of cost-effectiveness, but on the basis of expert opinion and 

clinical need, given the relatively small number of people who would be eligible.[80] 

A substantial evidence gap existed when van Hoek & Miller modelled PCV13 use in at-risk 

adults.[29] Firstly, evidence for PCV13 vaccine efficacy, specifically in these risk groups, had 

not been demonstrated. Secondly, whilst it was known that adults with certain underlying 

comorbidities were at an elevated risk of pneumococcal infection compared to the rest of the 

population; however, this risk had not been quantified.  

Van Hoek and colleagues at UKHSA had published a retrospective study to quantify the 

increased risk for risk groups for IPD in 2012, based on data between April 2002 – March 2009. 

Patient records from the national IPD surveillance programme, using laboratory-confirmed 

IPD, were linked with HES data.[81] Next, in 2012, the UKHSA published an economic 

analysis considering vaccinating adults in risk groups with PCV13.[82] The CAPiTA study, 

which later described PCV13 efficacy against pneumonia in adults, was still recruiting when 

this analysis was conducted, therefore the base-case only considered the impact PCV13 could 

have against preventing IPD. Overall, this analysis concluded that administration of PCV13 

would not be a cost-effective intervention for all risk groups. However, it did conclude that 

vaccinating adults with chronic liver disease would be cost-effective. Furthermore, in a 

sensitivity analysis that included vaccine efficacy against pneumococcal pneumonia, the 

authors showed that PCV13 would be cost-effective for all risk groups, as defined in the Green 

Book. Due to the absence of efficacy evidence for PCV13, a conservative approach was 

adopted: to wait for results from CAPiTA. The decision to adopt a conservative approach was 

taken by the authors to ensure the publication met the criteria for BMJ guidelines for economic 

evaluations.[82, 83] 

In 2015, after PCV13 efficacy data against VT pneumococcal pneumonia in adults from 

CAPiTA had been published, JCVI chose not to specifically re-model for risk groups. Instead, 

a decision was taken to focus on adults aged 65 years exactly, and an assumption was made 
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that 55% of 65-year-olds were not in a risk group.[29] This was based in part on the study by 

van Hoek et. al, described in the previous paragraph, which sought to quantify the risk of IPD 

stratified by underlying comorbidity.[81] The other component of this assumption came from 

a study in England and Wales evaluating the herd effect of PCV13 against IPD, 4 years after 

its introduction into the childhood schedule.[45] 

The justification to not formally evaluate PCV13 for risk groups was based on an assumption 

regarding the indirect effect of the vaccine – as described earlier, van Hoek & Miller predicted 

the paediatric programme would lead to a “near elimination of adult VT pneumococcal 

disease.” JCVI decided to continue to use PPV23 for adult risk groups, despite describing its 

limited efficacy against IPD and 0% efficacy against pneumococcal pneumonia.[29, 49]  
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5.1.1 Publication 7: The impact of certain underlying comorbidities on the risk of 

developing hospitalised pneumonia in England[84] 

Research in Context 

As described above, the UKHSA had quantified the increased risk of IPD for adults with 

pneumococcal risk factors but UK data quantifying the risk for pneumococcal pneumonia have 

not been established. It is generally accepted that comorbid conditions increase the risk of 

pneumonia. Researchers in Germany and the USA had previously produced all-cause hCAP 

risk group data, using retrospective ICD-10 coded data[85, 86] but UK-specific data were 

lacking. 

The comparative analysis conducted between the Nottingham study and HES data, described 

in publication 2, identified that 99% of all hCAP was coded as J18 with 1% coded as J13 (see 

Table 4 for definition of relevant ICD-10 codes for pneumonia). Given the small proportion of 

hCAP patients coded as J13, most patients with pneumococcal pneumonia are coded as having 

unspecified pneumonia, J18. 

ICD-10 Code Description 

J12 Viral pneumonia, not elsewhere classified 

J13 Pneumonia due to Streptococcus pneumoniae 

J14 Pneumonia due to Haemophilus influenzae  

J15 Bacterial pneumonia, not elsewhere classified 

J16 Pneumonia due to other infectious organisms, not elsewhere classified 

J17 Pneumonia in diseases classified elsewhere 

J18 Pneumonia, unspecified organism 

Table 4: Definition of ICD-10 codes used to identify hCAP[87] 

I set up a study to close this data gap to quantify the risk for adults with certain underlying 

comorbidities to be hospitalised with all-cause hCAP.  
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Aims 

To quantify the increased likelihood of an adult in England with an underlying comorbidity to 

be admitted with hCAP compared with an otherwise healthy adult.[84]  

Methods 

This retrospective study extracted data from HES2 between financial years 2012/13-2015/16.  

Six risk groups of interest were selected based on previously published research by the 

UKHSA[81], specifically; chronic respiratory disease (CRD), chronic heart disease (CHD), 

chronic kidney disease (CKD), chronic liver disease (CLD), diabetes mellitus (DM) and bone 

marrow transplant recipients. The comparator group was taken from healthy individuals 

admitted for a tooth extraction procedure.[84]  Previously established ICD-10 codes for 

pneumonia used in the study conducted at the UKHSA (J12-J18), were used.[56] Figure 11 

shows a schematic describing the study design.   

 
Figure 11: Study design. Taken from Campling et. al. Pneumonia (Nathan). 2019 Oct 11;11:4.[84] 

Results 

In total, 3,078,623 patient records were analysed, showing a significant increase in the 

likelihood of hCAP within a three-year period in those with any one of the defined 

comorbidities, ranging from 1.18 (CI 1.13, 1.23) for DM to 5.48 (CI: 5.28, 5.70) for CRD.[84] 

Strengths & Limitations 

This was the first time the risk of hCAP for adults with underlying comorbidities had been 

quantified for an English population. The study was based on a national, real-world dataset 

making it powerful and representative. It relied on hospital patients, making it challenging to 

find a perfect comparator (healthy) group.  

 
2 Data extraction, handling and analysis of raw data was conducted by HealthiQ Ltd under a license held with 
NHS Digital. 
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The structured and coded data used have inherent limitations: 1) all-cause pneumonia was 

analysed rather than pneumococcal pneumonia due to low usage of J13 and the propensity to 

use the non-specific code J18 instead, 2) the inability to confidently distinguish between hCAP 

and HAP, 3) the potential inaccuracy of coding due to numerous factors e.g., lack of diagnostic 

tests and – anecdotally - it is favourable financially for a hospital to code pneumonia vs other 

LRTIs. 

Finally, because the study used all-cause CAP rather than pneumococcal CAP, an assumption 

was made but not tested: that the proportion of pneumococcal CAP recorded by the Nottingham 

study was applicable to all hCAP patients identified. 

Contribution to the Literature 

This publication quantified the increased likelihood adults with CRD, CHD, CKD, CLD, DM 

and bone marrow transplant recipients of hospitalisation with CAP in England. People with 

prior CRD were approximately five-times more likely to develop pneumococcal pneumonia 

than otherwise healthy people. Prior to this publication, evidence was only available from other 

countries, with different healthcare systems.  

This study demonstrated the benefits of targeted measures to prevent pneumonia such as 

effectively managing underlying comorbidities, quitting smoking and vaccination (flu, 

pneumococcal and potentially SARS-CoV-2).[84] It therefore provides a rationale for the need 

to specifically consider the benefit of pneumococcal vaccines in adult risk groups, in addition 

to older adults.  

The findings of this study were used to build the base case for two economic analyses for 

PCV20.[88, 89] In addition, a sensitivity analysis was conducted additionally considered  

sequelae further to hCAP.[88, 89] 

This study provides a baseline datapoint for risk groups because it was conducted prior to the 

SARS-CoV-2 pandemic. It shone a light on vulnerable populations, a field that has since 

attracted much more attention. Leading this study resulted in me acquiring an in-depth 

knowledge of HES data, which I drew upon in subsequent studies. According to PubMed as of 

November 2024 this paper has been cited 12 times. 
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5.1.2 Publication 8: Clinical and financial burden of hospitalised community-acquired 

pneumonia in patients with selected underlying comorbidities in England[90] 

Research in Context 

Traditionally, pneumonia has been regarded as an acute disease, however by 2018 reports were 

emerging in the literature challenging this paradigm,[91, 92] suggesting it could also be viewed 

as a chronic disease with different phases.[93] Although the initial infectious insult is acute, 

patients can take up to six months to recover from the well-characterised symptoms of 

pneumonia.[94] As a study team, our hypothesis was that a patient who suffers an episode of 

pneumonia experiences a longer-term degradation in health along with a reduction in long-term 

survival.  

The health economic models built in 2015 to evaluate PCV13, had assumed pneumonia as an 

acute illness. Providing the patient survived a hospitalisation for pneumonia, they were 

assumed to return to the healthy pool of individuals.[29] A broad objective of this study was to 

establish whether that aspect of the model was appropriate.[90] 

Aims 

This study set out to quantify healthcare resource utilisation, hospital costs and in-hospital 

mortality for patients with defined underlying comorbidities who were hospitalised with CAP 

compared to matched controls, not hospitalised with CAP.[63] 

Methods 

This retrospective cohort study used data extracted from the HES database3 between financial 

years 2012/13-2015/16 – the study design is shown in figure 12. The same six groups of 

patients with defined comorbidities from Publication 7 were included (again identified by ICD-

10 codes).[63] Figure 12 describes the study design. 

 

 

 
3 Data extraction, handling and analysis of raw data was conducted by HealthiQ Ltd under a license held with 
NHS Digital. 
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Figure 12: Study design. Taken from James Campling et al. BMJ Open Resp Res 2020;7:e000703[90] 

Results 

After adjusting for confounders, a significant increase was found for, in-hospital mortality, 

healthcare utilisation over the subsequent three years and hospital costs, in patients with hCAP. 

An increase in mortality of approximately four-fold was observed. This study provided 

evidence that adults with the comorbidities studied do not quickly return to their previous 

health status after an episode of hCAP.[90] 

Strengths & Limitations 

Hospital data from every NHS hospital in England over a four-year period were used; it 

therefore reflects real-world outcomes of adults with underlying comorbidities diagnosed with 

hCAP. To help overcome the vast number of variables that exist with this type of study, 

propensity score matching was used to match patients in the study and comparator groups. This 

was made possible due to the richness of data available. 

This study relied entirely on coded data, which could open it up to criticism and questions 

around coding accuracy, as described previously for Publication 7 - i.e., use of J18 vs pathogen-

specific pneumonia, and the challenge of excluding HAP. 

The contribution an episode of pneumonia has on accelerating frailty, which, in turn, slows 

recovery is unclear. Furthermore, it is important to establish whether an episode of hCAP 

causes a decline in health status or if hCAP acts as a marker for a deteriorating health. 

Unfortunately, frailty measures are not captured within HES, so an alternative study design 

must be found.  

Finally, from the perspective of the reader this manuscript was difficult to follow due to 

multiple concepts and components of the design. This was further compounded by 

investigating the prognosis of six risk groups simultaneously. If I were to repeat this, I would 
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focus on one key chronic comorbidity (CRD or CHD) to communicate the study and make the 

rest of the results available as supplementary data and / or report a multivariate analysis. 

Contribution to the Literature 

This study demonstrated that patients with underlying comorbidities, who are hospitalised with 

CAP are left with persistent sequelae, causing increased healthcare utilisation and increased 

healthcare costs. Crucially, in the population studied, we showed hCAP cases has an almost 

five-fold or higher increase of mortality within three years of presentation.  

The benefits of targeted measures to prevent pneumonia, as described in publication 7, are also 

supported by this publication.  
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5.1.3 Publication 9: A review of evidence for pneumococcal vaccination in adults at 

increased risk of pneumococcal disease: risk group definitions and optimization 

of vaccination coverage in the United Kingdom[14] 

Research in Context 

The COVID-19 pandemic shone a light on some of the consequences of underlying 

comorbidities on an individual’s health outcomes if they are diagnosed with a respiratory 

infection, the most notable of which was the increased likelihood of death. Several lessons 

were learnt from COVID-19 regarding how to operationalise identifying and administering 

vaccines to vulnerable people. I wanted to apply some of these learnings to pneumococcal 

disease.  

Aims 

The aim of this review was to use published literature to examine all relevant UK evidence for 

individuals defined as being at-risk of pneumococcal disease and to draw on any opportunities 

to implement lessons learnt from the COVID-19 pandemic to optimise vaccination.[14] 

Methods 

A targeted literature search was conducted using PubMed to identify publications the authors 

were not aware of while putting this review together.[14] 

Results 

This review described and discussed the UK’s pneumococcal recommendations for risk groups 

and suggested they should be updated based on recent data. Vaccine uptake in risk groups was 

found to be sub-optimal. To address this, within the expert opinion section, the authors made 

several recommendations for the pneumococcal programme for risk groups, including relevant 

learnings from the COVID-19 pandemic.[14] 

Strengths & Limitations 

A strength of this review is that it was conducted by authors who are expert in their respective 

fields. All known risk groups were assessed and reviewed, providing a comprehensive analysis.  

The available evidence for pneumococcal risk groups in the UK is not as robust as for older 

adults and is stronger for some disease areas than others. There was little scientific discussion 

describing the rationale or mechanism of action of pneumococcal disease for people with 

underlying comorbidities. Initially, there was a plan to incorporate disease pathophysiology, to 
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describe why people with comorbidities are at increased risk of pneumococcal disease, and 

what to define what contributes to the spectrum of risk. Unfortunately, time constraints meant 

this was not possible. Finally, as an author group, we were missing one of the most important 

groups responsible for immunisation, namely nurse immunisers. In hindsight this was remiss 

of us as they would have provided an invaluable practical perspective. 

Contribution to the Literature 

This review provided a detailed discussion with regards to adult pneumococcal vaccination in 

the UK. It highlighted the need for an update to the existing pneumococcal risk groups 

described in the Green Book, and provided suggestions to optimise the implementation of the 

immunisation programme. 

This review provides evidence that could be referred to by UKHSA and policy makers in the 

future. There is also relevance for other countries, as one aspect we highlighted was the 

inconsistency in guidelines for at-risk populations around the world. 

The issue of defining pneumococcal risk groups is currently under debate in the UK and as 

described in this article, many differences still exist between countries due to contrasting 

evidence. In the US, the ACIP committee have recently recommended that pneumococcal 

vaccination be offered to all adults aged 50 years and older.[95] Building on this review, and 

using a similar format, I have recently published a broader review article that describes risk 

group recommendations for pneumococcal, influenza, COVID-19 and RSV vaccines.[96]  
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5.2 Risk Groups for Pneumococcal Disease - Summary 

The publications described in this section provide evidence regarding the disproportionate 

impact comorbid adults experience when hospitalised with pneumonia. The prediction that the 

JCVI made - that the herd effect would lead to the near elimination of VT pneumococcal 

disease, based on IPD data up to 2012/13, was shown to be incorrect.[24] It has subsequently 

been shown that VT pneumococcal disease actually started to increase among adults (including 

PCV13 VT serotypes, especially serotype 3) from 2013/14.[24] Furthermore, vaccine efficacy 

for PCV13 for adults in risk groups has since been described.[97] 

Data quantifying the additional likelihood for risk groups to be hospitalised with CAP, as well 

as data showing the impact of being hospitalised with CAP for adults in the same risk groups, 

suggests it is now necessary to rethink the paradigm that pneumonia is solely an acute disease 

without sequelae. Scientifically, it is important to consider risk groups differently from the rest 

of the population in health economic models both in terms of their risk of pneumonia and 

subsequent sequelae. 
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6 Pneumonia Hospitalisation Costs  

6.1 Publication 10: Hospitalization costs of adult community-acquired pneumonia in 

England [98] 

Research in Context 

The CEA published by van Hoek & Miller had assumed the cost of an admission for hCAP in 

2015 was £715.[29] After carefully reviewing the evidence for this, it transpired that this was 

based on the lowest tariff available for an adult aged ³18 years admitted for pneumonia, for an 

assumed period of 4 days with no complications or comorbidities.[98] This does not reflect the 

‘average’ cost of treating pneumonia. 

In 2017 I worked with a health economics colleague in the Health & Value team to estimate 

the cost of hCAP using HES data. This analysis reported a mean cost of £3,256 for all adults 

aged ³65 years (including those with and without complications).[20]  

I decided to conduct a formal study, using contemporary data, aiming to publish it the year 

before the next formal review of the adult pneumococcal programme was due to take place, 

i.e., shortly after PCV20 was licensed. The HES and Critical Care databases owned by NHS 

Digital are used by commissioners to reimburse hospitals for care delivered, making them 

appropriate sources for estimating hospital costs. 

Aims 

To estimate average hospital costs for patients admitted with hCAP.[98] 

Methods 

Data were extracted from the HES and Critical Care databases in 2019 for all adults 

hospitalised with CAP using ICD-10 codes J12-J18. Mean and median costs were estimated 

by matching with NHS tariff data, stratified by age, underlying comorbidity, critical care costs 

and aetiology.[98]   

Results 

Data from 187,251 patients across England supported this analysis, which cumulatively 

reported an annual (pre-COVID-19) bill to the NHS for treating hCAP of approximately £731 

million.  The mean cost/admission was estimated to be £3,904 which dropped to £3,402 when 

excluding critical care costs, which arose for 4.4% of admissions. Critical care costs were 

estimated to be £11,654 / episode, and there was variation in costs by co-morbidity and age.[98]  

68 of 261



 
 

Strengths & Limitations 

This study used the same hospital data used by commissioners to pay for hospital care in 

England over a 1-year period. The period studied was pre-COVID-19, and therefore reflective 

of costs in a non-pandemic era. The data are already over four years old but, due to the 

methodology used, it is relatively straightforward to escalate the costs with inflation according 

to the NHS tariff to provide up-to-date estimates. A major strength of this work is that I was 

able to describe the cause of the discrepancy between this study and costs previously used by 

van Hoek & Miller.[98] This was due to a number of factors including the complexity of 

patients included in the calculation along with a technical anomaly in how NHS reference costs 

had previously been reported.[98]  

Limitations of this study largely stem from it using coded hospital data. All cases of pneumonia 

were included, even for those patients who had multiple admissions. These only accounted for 

a small proportion of patients, but likely were more complex, and therefore expensive cases. 

They were included so the total cost of CAP to the NHS / year could be described. These 

patients would have had a negligible impact on the mean average cost. Finally, cost estimates 

could not be stratified by pneumonia severity as these measures are not recorded in HES.[98] 

Contribution to the Literature 

This study was based on HES data, which are used for hospital reimbursement. The average 

cost of hCAP in England was £3,904, which is nearly 5.5 times greater than the cost assumed 

by van Hoek & Miller. This publication provides costs for hCAP stratified by age, comorbidity, 

causal pathogen, and critical care costs. It includes a clear description on how these costs were 

calculated and, as described above, why the estimate used by van Hoek & Miller was 

inaccurate. The estimates reported can easily be inflated to current day / future reference costs 

as needed. In addition to a range of researchers and policy makers in the UK (including the 

JCVI), this work has utility for commissioners and hospital executives to effectively allocate 

resource to manage hCAP patients. Finally, this paper provides a template model for how to 

calculate hospital costs for other diseases. 
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7 Review of the Literature 

7.1 Publication 11: A review of current data to support decision making for 

introduction of next generation higher valency pneumococcal conjugate 

vaccination of immunocompetent older adults in the UK[44] 

Research in Context 

The consensus view regarding the parameters used for health economic modelling for PCVs in 

adults was predicted upon  van Hoek and Miller.[49] The rationale for this review was to 

formally document the evidence described, encompassed within this critical analysis, along 

with other emerging data. Writing this review provided an opportunity to explore and 

consolidate the evidence for modelling parameters.  

Aims 

To review contemporary data for pneumococcal disease and vaccines, which would form 

critical input parameters in modelling to assess the cost-effectiveness of higher-valency 

pneumococcal conjugate vaccines for UK adults.[44] 

Methods 

This review was largely based on literature familiar to the authors. A literature search was 

conducted using PubMed to identify further publications that the authors were not aware of. 

Results 

Data were critically appraised for invasive and non-invasive pneumococcal disease. The review 

examined hCAP incidence and described methodological shortcomings with the Nottingham 

study. There is a discussion regarding hospitalisation costs for pneumonia which highlighted a 

government guidance document for hospital tariffs. An in-depth discussion examined how 

although IPD incidence had substantially reduced during the COVID-19 pandemic, early data 

were indicating that the pneumococcal serotype distributions remained unchanged. 

A large section of the review was dedicated to the topic of vaccine efficacy, effectiveness, and 

impact of the different vaccines. PCV13 had RCT-grade evidence for preventing 

pneumococcal CAP and IPD, however, PCV20 was an evolution of PCV13 with only 

immunogenicity data used to gain a license. PPV23 which was licensed in 1983, had a wealth 

of effectiveness data but these were inconsistent.[44] 
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Strengths & Limitations 

This review sought to package together, in one place, all the data and evidence for assessing 

high valency PCVs (i.e., >13 serotypes) in the UK. A significant variable influencing 

pneumococcal epidemiology is the impact of the paediatric programme. Although this was 

acknowledged, a dedicated section on this was excluded for brevity. Another limitation of this 

review is that it largely used data that were published before the COVID-19 pandemic.   

Contribution to the Literature 

This review found that overall, the UK had rich and robust evidence to help make informed 

public health decisions, however, it flagged areas where data gaps still existed such as hCAP 

incidence and up-to-date hospitalised pneumonia costs. To an extent, these data gaps have since 

been addressed as described in publications 5, 6 and 9. 

This publication provides a useful reference point by pulling together all the relevant data and 

points of consideration needed for making decisions on adult pneumococcal vaccines in the 

UK. It has been referenced by the Public Health Agency in Dublin in a manuscript they recently 

published which considered whether higher-valency PCVs should be used in Irish adults.[99]  

A letter was written[100] to the journal editor regarding this review from the US-based Global 

Research and UK Medical Affairs groups at Merck & Co., who were unhappy with some of 

the language used to describe the effectiveness and impact of PPV23.[100] The wording for 

these sections however, had been chosen very carefully and only referred back to statements 

made by relevant UK institutions.[44]  
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8 Economic Analyses 

In the UK the JCVI’s threshold for cost-effectiveness for a vaccine is £20,000-£30,000 / 

Quality Adjusted Life Year (QALY). The JCVI are only able to provide positive advice for a 

vaccine that meets these criteria for being cost-effective.[47] If they provide advice to the 

Secretary of State for Health regarding a cost-effective vaccine, the health minister is legally 

bound to introduce the programme.[47]  

The 2012 CEA published by Rozenbaum and colleagues stated that, in addition to CEAs they 

were also required to provide a Budget Impact Assessment (BIA) detailing the financial impact 

of new vaccine programme for HM Treasury.[82] 

This section includes both a CEA and a BIA for PCV20, to which I contributed, based on the 

evidence described throughout this critical analysis. 
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8.1 Publication 12: Cost-effectiveness of using a 20-valent pneumococcal conjugate 

vaccine to directly protect adults in England at elevated risk of pneumococcal 

disease [88] 

Research in Context  

PCV20 was licensed for use in adults in the USA in 2021[101] and a UK license was granted 

in 2023.[50] Vaccines need to be shown to be cost-effective for the JCVI to advise the UK 

Government to recommend their use.[47] A cost-effectiveness analysis (CEA) for a higher-

valent (>PCV13) pneumococcal conjugate vaccine in the UK had not been published. 

Aims 

To determine whether PCV20 vaccination would be a cost-effective intervention in all UK 

adults aged 65-99, and adults belonging to defined risk groups aged 18-64.[88] 

Methods 

A new bespoke deterministic model with a Markov-type process was built to assess the cost-

effectiveness of PCV20 in all adults aged ³65 years and for adults in a clinical risk group aged 

18-64 years. Numerous scenarios were modelled i.e., PCV20 alone, PCV20 Þ PPV23, PPV23 

alone, PPV23 Þ PPV23, PCV15 Þ PPV23. Input parameters were based on data described 

throughout this critical analysis.[88] 

Results 

PCV20 alone was found to be dominant, meaning it was the optimal schedule to employ. 

Further to this, not only did PCV20 meet the criteria of being cost-effective (<£20,000/QALY) 

it was shown to be cost-saving in terms of the base case and cost-effective in all sensitivity 

analyses.[88] (see Figure 13) 
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Figure 13: "Cost-effectiveness plane for alternative vaccination strategies among moderate- and high-risk 

adults aged 18–64 years and all adults aged 65–99 years in England (N = 15,635,909)." Taken from Mendes 

et. al, Expert Rev Pharmacoecon Outcomes Res. 2022 Dec;22(8):1285-1295.[88]  

 

Strengths & Limitations 

A strength of this CEA is that it was derived from robust parameters which had been tested and 

challenged over the previous 7 years, and the rationale for which was published. However, as 

with all mathematical modelling, although the parameters were based on contemporary, robust 

data, input parameters are themselves assumptions, any one of which could be wrong or could 

change. Probably the most important assumption made here was with respect to pneumococcal 

epidemiology, which is dynamic. Multiple pressures on the pneumococcus exist, which is 

currently evolving after the COVID-19 pandemic and with respect to the reduced 1+1 infant 

schedule. Finally, this model assumed vaccine uptake of PCV20 to be on a par with PPV23; 

however, practically, this will take time to achieve. 

Contribution to the Literature 

This was the first publication of a CEA for PCV20 in the UK. Subsequent CEAs will discuss 

parameter choice and compare results with this paper. In June 2021, Danelian and colleagues 

published the first of two CEAs commissioned by the JCVI. They concluded that “PCV20 was 

likely to be cost-effective” and “likely to avert more cases of pneumococcal disease in elderly 

adults in England than the current PPV23 vaccine.”[102]  
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Furthermore, UK CEAs are widely used and referred to by other countries – according to a 

PubMed search in November 2024 this paper has already been referenced 14 times, including 

CEAs for PCV20 in Belgium, Germany, Spain, Greece, The Netherlands, Norway, Japan, 

South Korea and Argentina.[103-111] 
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8.2 Publication 13: Public health and budgetary impact of 20-valent pneumococcal 

conjugate vaccine for adults in England [89] 

Research in Context 

A Budget Impact Analysis (BIA) is useful for payors to evaluate the budgetary implication of 

introducing a vaccine programme. A BIA calculates the total cost to the payor for acquiring 

and administering a vaccine and subtracts savings achieved from the public health benefit of 

the vaccine e.g., in context, any reduction in number of patients admitted to hospital with 

pneumonia.[89] PCV20 had been shown to be cost-effective,[88] therefore a BIA was 

conducted. 

The CEA PCV20 for all at-risk adults included everyone aged ³65 years and adults aged 18-

64 with certain comorbidities.[88] Conscious of the potentially significant impact to the budget 

that this could have, patients who had already received PPV23 were excluded from the model 

i.e., PPV23 followed by PCV20.   

Aims 

To describe the net health budget impact of introducing PCV20 for at-risk adults to the UK 

national immunisation programme.[89] 

Methods 

A deterministic model with a Markov-type process was employed to establish the five-year 

costs associated with several pneumococcal vaccination strategies for at-risk adults in 

England.[89] 

Results 

After five years the total vaccination costs of replacing PPV23 with PCV20 would be £107.2m. 

It was estimated that 785 cases of IPD, 11,751 cases of hCAP, and 1,414 pneumococcal-related 

deaths would be prevented, and the intervention would reduce medical care costs by £48.5m, 

therefore giving a net cost of £58.7m. The budgetary impact was greatest after year one and 

declined each subsequent year. After year five, the programme became cost saving, with the 

cost of vaccinating the population less than the money saved through lower medical care 

costs.[89] 
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Strengths & Limitations 

Like the CEA model, this model was based on carefully chosen input parameters described 

throughout this critical analysis. This BIA provided a conservative estimate of the budgetary 

impact of a PCV20 programme in at-risk adults. It was conservative, and therefore likely 

reported a greater budget impact (i.e., higher cost to government), because it included an 

assumed herd effect from a future paediatric programme. This herd effect would reduce the 

burden of VT pneumococcal disease in at-risk adults, thereby reducing the benefit of directly 

vaccinating adults.[89]  

There were however limitations with this work. For simplicity, the model treats the NHS as 

only having one pot of money; in practice, however, NHS budgets are more complex. Vaccine 

acquisition and vaccine administration costs come out of one budget pot, whereas savings made 

by the NHS would be scattered across hospitals and commissioning organisations in England.  

Contribution to the Literature 

This publication concluded that if a PCV20 programme was introduced for at-risk adults there 

would be an initial cost to the payor. However, this cost would reduce each year. By the fifth 

year after introduction this cost would transform to a saving and for each subsequent year there 

would be a net saving to the payor. Not only is this an informative finding for the UK 

Government, but it will also likely be of interest to payors in other similar countries. 

According to a PubMed search in November 2024 this paper had been referenced three times. 
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8.3 Economic Analyses – Summary 

The evidence described throughout this critical analysis helped close the data gaps for 

modelling adult pneumococcal vaccines in the UK. Both economic models concluded that 

PCV20 would be a cost-saving intervention in England and, by inference the whole UK, for 

at-risk adults. Shortly after publication of these two models JCVI provided advice that PCV20 

could be used in at-risk adults in the UK. 
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10 Discussion 

This research aimed to close data gaps that existed when the JCVI reviewed PCV13 in 2015, 

specifically by quantifying the burden of pneumococcal disease, providing evidence for risk 

groups, and determining hospital costs for pneumonia. The 13 publications described herein 

are evidence that contemporary data were generated and now contribute to the scientific 

literature, with public health impact. 

The objective of this research was to establish a more robust and comprehensive evidence base, 

increasing the likelihood that separate, independent health economic modelling studies of 

PCV20 are more likely to achieve similar conclusions. Publication 12 described a health 

economic model that concluded PCV20 was: (i) cost-saving in the base case and (ii) cost-

effective, as a minimum, for all sensitivity analyses considered.[88] In June 2024 a separate 

model published by Danelian et al. also concluded that PCV20 was likely to be cost-effective 

in at-risk adults.[102] Furthermore, the JCVI have provided advice that PCV20 should be made 

available for at-risk adults.[112] 

It is reassuring, from a scientific perspective that the structure of the CEA models developed 

to assess PCV13 in 2015 by both the JCVI and Pfizer were similar. The authors of a publication 

written by UKHSA stated that where robust evidence did not exist, they chose to select 

conservative parameters for modelling. They stated this was due to guidance provided by the 

BMJ for economic modelling publications, and given the potentially large financial implication 

for HM Treasury. [83] Conversely, in the same circumstance, Pfizer, who have a commercial 

interest in the outcome of the model, selected values based on data that met the threshold of 

being reasonable. In both cases, values for areas of ambiguity were determined more by opinion 

and less by evidence. Given the large degree of uncertainty that existed, it is not scientifically 

appropriate, to be overly critical of either the JCVI or Pfizer for their choice of parameters at 

the time. Furthermore, it is encouraging that - with the benefit of a more robust evidence base 

- both Pfizer and JCVI concluded that PCV20 is cost-effective for UK adults.[88, 112] The 

Danelian et al. publication refers to a number of publications described within this body of 

research and discusses some of the parameter choices in the context of publication 12.[102]  

When viewed together, a strength of the publications discussed in this analysis is that they all 

contribute towards the evidence base, addressing the specific question of whether PCV20 is 

cost-effective for at-risk adults in the UK. The two review papers (Publications 9 and 11) 

comprise in-depth analyses, providing a comprehensive perspective of their respective 
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subjects. The rationale for publishing these review papers was to challenge and discuss the 

evidence, contributing towards forming a scientific consensus in areas of previous 

disagreement.  

A strength of all 13 publications, viewed collectively, is the broad mix of genres encompassed, 

ranging from original primary research, using both prospective and retrospective data, to 

opinion pieces and targeted literature reviews. A weakness of my research is that only a small 

proportion was based on original research using prospective data. Although retrospective data 

usually are not regarded as highly as prospective data, they are still valuable, available rapidly 

and for a fraction of the resource / budget needed for prospective data.  

PCV20 is now licensed and the vaccine is available in the UK privately,[113] but it is not yet 

available on the NHS due to the Government tendering processes. Assuming PCV20 is used 

this year (2024) or next, the current advice states that it should be used largely for 

pneumococcal vaccine-naïve adults. The only exception being for “individuals with asplenia, 

asplenic dysfunction or those with chronic renal disease,” for whom five-yearly vaccination is 

already recommend.[1]  

The JCVI minutes said: “The Committee agreed that either PCV20 or PPV23 could be used 

for the adult pneumococcal programme. The Committee indicated a preference for higher 

valency vaccines (PCV20 and PPV23) due to the larger health benefit.” [Text advising against 

using PCV15.] “The Committee also indicated that PCV20 was likely to prevent more disease 

than PPV23 and waning of immunity may occur at a slower rate.” 

The routine use of repeating PPV23 vaccination is restricted in the UK to very specific risk 

groups due to the risk of hyporesponsivenes, a phenomenon that has also been observed with 

meningococcal polysaccharide vaccines.[1, 114] Hyporesponsivenes is characterised as the 

inability of polysaccharide vaccines to elicit a booster response, thereby resulting in a second 

dose of vaccine achieving only a similar or inferior antibody concentration compared with the 

primary dose.[114, 115] In adults, PPV23 induces a T-cell independent response and does not 

produce new memory B cells; moreover, PPV23 depletes existing, circulating memory B 

cells.[114] By contrast, PCVs, including PCV20, produce a T-cell dependent response, and 

there is evidence of an anamnestic response further to subsequent exposure to the antigen in 

adults.[50, 114, 115] Accordingly, more research is needed to demonstrate the need for, and 

benefit of, boosting in adults. 
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A related and important consideration, given that many older people in the UK have already 

been vaccinated with PPV23, is the phenomenon known as the Original Antigenic Sin. This is 

where, through two different vaccines against the same pathogen, the immune system is 

presented with similar but slightly different antigens, resulting in an inferior response elicited 

to the second antigen.[116] However, evidence suggests that Original Antigenic Sin does not 

impair the immune response to PCVs when given in sequence after PPV23.[117] Presumably, 

this is due to the conserved reference antigens used in each vaccine,[118] despite the difference 

in vaccine technology. 

In circumstances where both a conjugate vaccine and PPV23 are recommended, it has been 

shown to be immunologically advantageous for the conjugate vaccine to be administered first; 

in these circumstances, PPV23 boosts the T-cell dependent response previously elicited by the 

PCV.[119] This is reflected in guidance in the Green Book and the SPC for PCV20.[1, 50] 

Adults and children who were vaccinated with PPV23 up to 20 years ago are currently not 

eligible for PCV20 or future PCVs for the rest of their life. This issue must be reviewed to 

ensure the growing number of vulnerable adults can benefit from a PCV, especially when 

considering UKHSA’s conclusions that the protection offered against IPD by PPV23 wanes 

within 2 years.[30, 120] This appears to be under consideration currently by the JCVI 

pneumococcal sub-committee. In the minutes of their meeting in February 2024 it was stated 

that re-vaccination for those in clinical risk groups should be considered and the cost-

effectiveness of this should be analysed.[121] 

The JCVI described a potentially dynamic environment over the coming years, with the likely 

approval of more high-valency PCVs.[112] This contrasts with the existing adult 

pneumococcal programme, which has been largely unchanged for ~20 years. There is a 

possibility that other higher-valency vaccines (PCV21 – currently in development by Merk & 

Co.)[122] will be approved later this year or next. Unlike the currently licensed PCVs which 

iteratively contained common, shared serotypes, PCV21 includes a new mixture of serotypes. 

PCV21 has 10 serotypes in common with PCV20 but the other 11 were selected to provide the 

broadest coverage possible.[122] Decisions regarding how best to deploy this growing number 

of vaccines will become more complex due to the disruption they will cause to pneumococcal 

epidemiology. 

Interestingly, the JCVI June 2023 minutes also stated: “The potential impact of an infant 

programme with a higher valency PCV would have to be incorporated into future discussions 
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on the adult vaccination programme.” The Pfizer cost-effectiveness model had, however, 

incorporated an assumption for an infant programme (with the caveat that at the time PCV20 

was not licensed in the UK for paediatric use) three years after introducing the adult 

programme, with herd effect benefits starting after one year. This effect reduces the impact that 

direct PCV20 vaccination of adults would have in the model. If the adult programme 

commenced at the same time or sooner, it would have less of an impact.  

There will likely be changes to the paediatric pneumococcal programme over the coming 

year(s), which will influence how adult vaccines are assessed in the future.[112] There are 

currently numerous unknowns regarding the potential herd effect of PCV20 given its lower 

immunogenicity elicited compared to PCV13 for the shared VT serotypes[123] i.e., how strong 

this response would be, and how many, and which serotypes it will protect against. Given the 

UK rollout delay, evidence may become available from other countries already using PCV20 

e.g., the USA. In the meantime, modellers have already begun to consider future paediatric 

programmes. A recently published paper by Choi et al explored replacing PCV13 with either 

PCV15 or PCV20 concluded PCV20 would lead to a significant reduction in overall IPD.[124] 

Due to assumptions based on lower immunogenicity, serotype capsular switching and the rise 

of other non-PCV15 vaccine serotypes, they found that PCV15 would lead to an overall 

increase in disease compared to PCV13.[23]  

The herd effect elicited by PCV13 for serotype 3 – now one of the most prevalent serotypes in 

adults – can, at best, be described as blunted and has been described by some groups as not 

being present at all.[24] Serotype 3 is unlike other PCV13 serotypes, in having a low case to 

carrier ratio and an ability to use its especially thick capsule to escape host-immunity.[125] 

According to the most contemporary published data, serotype 8 is the greatest cause of adult 

hCAP in the UK[126] and, crucially, the physical properties of serotype 8, regarding capsule 

thickness, closely resemble those of ST3.[14] Therefore it is possible that any herd effect 

PCV20 provides will not be as robust for ST8 as for other serotypes. This possibility, combined 

with the predicted limited herd effect PCV20 will have against serotype 3, strengthens the need 

for direct vaccination for at-risk adults.  

Informally, at various scientific conferences, it has been suggested that for the paediatric 

programme, initially PCV20 could be introduced in a 2+1 schedule before switching to 1+1, 

due to the current lack of PCV20 1+1 immunogenicity data. Another suggestion is that PCV20 

could be introduced for children in a 1+1 schedule, but with a catch-up programme for 1–4-

year-olds to rapidly induce a herd effect. Evidence needed to support either of these approaches 
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would depend on new immunogenicity or vaccine efficacy data. Established corelates of direct 

protection against IPD in children, which are based on aggregated IgG concentrations measured 

by ELISA to PCV7 serotypes of 0.35 µg/mL, are now being challenged.[127] This is due to 

the antibody variability between serotypes and the observed reduction of immunogenicity in 

PCVs as the number of included serotypes increases.[127, 128] These corelates, which were 

derived from 3 clinical trials conducted across diverse populations, were used as evidence to 

support the 1+1 schedule in the UK.[52] The increasing complexity of interpreting 

immunogenicity data is further exacerbated when trying to predict the antibody titres required 

to elicit a herd effect, for which no base-line correlate exits.[52] Alternative approaches are 

therefore needed to act as surrogates for prediction of protection. 

An experimental human challenge model has been developed, with an acceptable safety profile, 

that imitates “natural exposure” to the pneumococcus by inoculating healthy volunteers 

intranasally with controlled doses of the bacteria, thus facilitating evaluation of immune system 

responses.[125] Due to the time and cost requirements for vaccine efficacy and effectiveness 

studies, utilising experimental human challenge models could be used to help inform policy 

decisions and even guide the development of new vaccines.[129] 

When the JCVI provided advice for PCV20 to be used in at-risk adults they also recommended 

that new vaccines against RSV should be used in the UK.[112] Emerging evidence generated 

as a consequence of the COVID-19 pandemic suggests a strong relationship exists between 

RSV infection and the pneumococcus; specifically, that pneumococcal infection often follows 

infection with RSV.[75] It is therefore plausible that the implementation of RSV vaccines could 

indirectly cause a reduction in pneumococcal infection. If RSV vaccines and PCV20 are 

introduced at the same time, it will be difficult to quantify the impact that each has on 

pneumococcal infection in the UK. However, comparisons could be made internationally in 

countries that do not implement both vaccines simultaneously. It is likely this issue will become 

even more complex going forwards, with new vaccines currently under development, including 

higher valency PCVs as well as combination vaccines for flu, COVID-19, and RSV. 

Finally, the long-term impact of the paediatric herd effect on adults is not fully understood. 

Theoretically, if because of the herd effect, unvaccinated people are less frequently exposed to 

VT serotypes, when they are they exposed, they could experience more serious disease due to 

a lack of prior boosting through colonisation.  
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To keep pace with developments, the UKHSA are planning to initiate an acute respiratory 

infection surveillance programme. This will operate at selected centres across England, 

providing insight into pneumococcal pneumonia, RSV, COVID-19 and influenza.   

Although the primary objective of the publications described in this critical analysis was to 

support PCV20, few specifically focused on PCV20; rather, most contribute holistically 

towards the evidence base for the burden and impact of aLRTD and therefore provide a broader 

contribution to the scientific literature. An example of this and the relevance of some of this 

work in the UK is evident by virtue of The NHS Long Term Plan referencing the Call-to-Action 

paper.[19, 62] Furthermore, a number of publications described are important beyond the UK 

and help to contribute to the ongoing scientific discussion regarding the evolving epidemiology 

of aLRTD both intra and post-pandemic. The prospective study in Bristol was uniquely set up 

to describe aLRTD admissions during the pandemic and reported that 55% were not due to 

SARS-CoV-2. This contrasts with a retrospective study conducted in Ontario, Canada which 

observed hospitalisations for viruses not related to COVID-19 dropped to near zero, although 

this study relied on ICD-10 coding and only focused on viral infections.[96, 130] The finding 

from Bristol raises several important questions that are yet to be answered i.e., which organisms 

were responsible for these infections, were they more dominant than SARS-CoV-2 in those 

patients and if so why, or was there something different about the population or the healthcare 

system in the Bristol region? 

Work on defining local hospital catchment populations has a much greater benefit in the UK 

besides estimating disease that could be prevented by PCV20 including supporting incidence 

studies for different disease areas and helping provide a robust methodology for healthcare 

commissioning.[69, 72] It has also laid the foundation for determining risk group specific 

denominators, which will lead to aLRTD incidence estimates stratified by several 

comorbidities. More generally, this paper provides a framework for researchers in other 

countries to help define denominators when conducting disease incidence studies.  

The work on pneumococcal risk groups was based on a cohort of patients with all-cause hCAP, 

therefore the findings are relevant for hCAP regardless of aetiology. These papers have led to 

further publications exploring the risk of hospitalisation due to respiratory infection due to a 

number of pathogens and the JCVI are now considering both which patients are at risk of 

vaccine preventable infection but also whether and when re-vaccination is appropriate.[121] 

Finally, the work conducted on direct hospital costs for hCAP clearly has much broader 

implications than just supporting PCV20 CEA models. It helps provide evidence for policy 
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makers, public health decision makers, commissioners and those responsible for running 

hospitals trusts. Although much of the utility of this work is largely confined to the UK it does 

provide an important data point to compare the NHS with other health systems around the 

world. 
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11 Conclusion 

This body of research has contributed to advancing the scientific literature related to the 

pneumococcus by closing some of the data gaps responsible for limitations in the van Hoek & 

Miller CEA. The burden of pneumococcal disease is now better understood, evidence 

demonstrating the impact for adults in risk groups has been shown, and hCAP costs have been 

established. The impact of this on UK vaccine policy was demonstrated in July 2023 when the 

JCVI provided advice that all at-risk adults and all adults aged ≥65yr could receive PCV20.  

This is an exciting, fast-moving period-of-time in the field of pneumococcal disease, which is 

still evolving after the COVID-19 pandemic. It is about to be further disrupted with the 

introduction of numerous innovative vaccines for both adults and infants over the coming 

years. It is imperative that investment in research and surveillance is not only maintained but 

increases to evaluate the new post-pandemic burden of disease and to monitor the evolution of 

serotype epidemiology across age groups, for both invasive and non-invasive disease, 

including defining hCAP incidence stratified by comorbidity. To help with current and future 

uncertainties with high-valency PCVs such as vaccine efficacy and their ability to impact on 

carriage and induce a herd effect, innovative approaches, such as human challenge models, 

should be explored and, where possible, utilised to provide corelates of protection.  
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RESEARCH ARTICLE Open Access

A systematic review of the burden of
vaccine preventable pneumococcal disease
in UK adults
James D. Chalmers1*, James Campling2, Alison Dicker1, Mark Woodhead3 and Harish Madhava2

Abstract

Background: Invasive pneumococcal disease (IPD) and pneumococcal pneumonia are common and carry a
significant morbidity and mortality. Current strategies to prevent pneumococcal disease are under review in the
United Kingdom (UK). We conducted a systematic review to evaluate the burden of vaccine type adult
pneumococcal disease specifically in the UK.

Methods: A systematic review conducted and reported according to MOOSE guidelines. Relevant studies from
1990 to 2015 were included. The primary outcome was the incidence of vaccine type pneumococcal disease,
focussing on the pneumococcal polysaccharide vaccine (PPSV), the 13-valent conjugate vaccine (PCV13) and the
7-valent conjugate vaccine (PCV7).

Results: Data from surveillance in England and Wales from 2013/14 shows an incidence of 6.85 per 100,000
population across all adult age groups for IPD, and an incidence of 20.58 per 100,000 population in those aged
>65 years. The corresponding incidences for PCV13 serotype IPD were 1.4 per 100,000 and 3.72 per 100,000. The
most recent available data for community-acquired pneumonia (CAP) including non-invasive disease showed an
incidence of 20.6 per 100,000 for adult pneumococcal CAP and 8.6 per 100,000 population for PCV13 serotype CAP.
Both IPD and CAP data sources in the UK suggest an ongoing herd protection effect from childhood PCV13
vaccination causing a reduction in the proportion of cases caused by PCV13 serotypes in adults. Despite this,
applying the incidence rates to UK population estimates suggests more than 4000 patients annually will be
hospitalised with PCV13 serotype CAP and more than 900 will be affected by IPD, although with a trend for these
numbers to decrease over time.
There was limited recent data on serotype distribution in high risk groups such as those with chronic respiratory or
cardiac disease and no data available for vaccine type (VT) CAP managed in the community where there is likely to
be a considerable unmeasured burden.

Conclusion: The most recent available data suggests that VT pneumococcal disease continues to have a high
burden in UK adults despite the impact of childhood PCV13 vaccination. IPD estimates represent only a fraction of
the total burden of pneumococcal disease.

Study registration: PROSPERO CRD42015025043
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Background
Streptococcus pneumoniae is a Gram-positive bacterium
and a commensal of the human nasopharynx [1]. Failure
of natural immunity to S. pneumoniae leads to pneumococ-
cal infection and in some cases to invasive pneumococcal
disease (IPD) [1–3]. The most frequent manifestation of
pneumococcal disease, however, is pneumococcal pneumo-
nia where the pneumococcus may be responsible for up to
60 % of cases of community-acquired pneumonia (CAP)
[4]. Hospitalised CAP carries a mortality rate of 5–15 % ris-
ing to more than 30 % in patients admitted to the intensive
care unit [5, 6]. The highest rates of pneumococcal disease
are observed in infants, the elderly, patients with chronic
respiratory disease and in patients with immune comprom-
ise [7–10]. This is despite the availability of effective anti-
microbial treatments against S. pneumoniae, emphasising
the importance of preventing pneumonia wherever possible
[11, 12]. The impact of pneumococcal disease in the UK is
substantial with approximately 6000 cases of IPD reported
annually and 192,281 hospital admissions for pneumonia in
2013/14 in England of which up to 50 % may be pneumo-
coccal [13, 14]. The cost to the UK National Health Service
is estimated at more than £1 billion [15].
Pneumococcal disease is, at least partially, a vaccine pre-

ventable disease. The 23-valent pneumococcal polysac-
charide vaccine (PPSV) has been recommended in the UK
for patients at high risk of pneumococcal disease since
2003, including adults over the age of 65 years. A system-
atic review and meta-analysis of the data supporting PPSV
show that it protects against IPD in adults in high income
countries (OR 0.20 95 % CI 0.10–0.39, n = 27886), but
limitations include uncertainty over its protection against
IPD in patients with chronic illnesses (OR 1.56 95 % CI
0.35–0.694 n = 3230), protection against non-invasive
pneumococcal CAP and its duration of protection [16].
The 13-valent pneumococcal conjugate vaccine (PCV13,

Prevenar-13) has been evaluated for the prevention of vac-
cine type IPD in children and in elderly subjects [17, 18].
The recent CAPITA trial conducted in the Netherlands
demonstrated the efficacy of PCV13 for the prevention, in
those aged ≥65, of vaccine type pneumococcal CAP and
also non-invasive CAP caused by vaccine serotypes [18].
An analysis based on the frequency of IPD and CAP caused
by S. pneumoniae in the Netherlands concluded that
PCV13 was cost-effective [19].
PCV13 is not currently part of the UK adult vaccin-

ation programme, neither for elderly patients aged
>65 years nor for specific high risk groups. Determining
whether PCV13 would be cost-effective in the UK re-
quires accurate information on the burden of vaccine
preventable pneumococcal disease in the UK.
We conducted a systematic review to determine the

incidence and burden of vaccine preventable pneumo-
coccal disease in the adult UK population.

Methods
This manuscript reports a systematic review of observa-
tional studies and was conducted and is reported accord-
ing to the MOOSE (meta-analysis and systematic review
of observational studies in epidemiology) guidelines
[20]. The review protocol was registered on PROSPERO
(CRD42015025043).

Search strategy
A librarian searched electronic databases from 1990 until
September 2015 for relevant studies using PUBMED and
EMBASE. A combination of text words and controlled vo-
cabulary terms related to the subject of interest (pneumo-
coccal disease) and possible outcome measures was used to
develop a sensitive search strategy. Terms entered were
(Streptococc* [tiab] OR pneumococc* [tiab]) AND (Sero-
type [Title/Abstract] OR serogroup [Title/Abstract) AND
(incidence OR frequency OR prevalence OR distribution).
Further searches were conducted for specific data on risk
groups and UK regions as described in the relevant sections
below. No language restrictions were applied to the search.
The search was supplemented by reviews of reference lists,
bibliographies and the investigators files where appropriate.

Inclusion criteria
The review included observational cohort studies (includ-
ing prospective, retrospective, registry and surveillance de-
signs) reporting any of the following study outcomes; 1)
Original data reporting of the incidence of vaccine type
and non-vaccine type pneumococcal disease; 2) Inclusion
or enrolment of patients in the United Kingdom; 3) Suffi-
cient data to generate or infer incidence of disease in the
general population or specific risk groups.
For data extraction, articles were independently

reviewed by two investigators. Non relevant studies were
excluded based on title and abstract review alone.

Outcomes
The primary outcome was the incidence of vaccine type
pneumococcal disease in the adult UK population,
expressed as an incidence per 100,000 population. Sec-
ondary measures included the proportion of pneumo-
coccal disease caused by PCV13 vaccine serotypes, other
vaccine serotypes and the proportion of cases of CAP
caused by vaccine serotypes was recorded. In addition
the proportion of cases of vaccine type pneumococcal
pneumonia in risk groups expressed as incidence per
100,000 population where possible. Risk groups include
patients with splenectomy, chronic respiratory disease,
chronic heart disease, chronic kidney disease and dia-
betes. Immunosuppression included any disorder leading
to significant immune suppression (whether inherited or
acquired) including HIV and iatrogenic immune sup-
pression (incl. chemotherapy and corticosteroids).
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Vaccine type pneumococcal disease
Vaccine type (VT) pneumococcal disease was defined as
being caused by one of the following serotypes: 4, 6B,
9 V, 14, 18C, 19 F, 23 F, 1, 3, 5, 6A, 7 F and 19A (PCV13
VT pneumococcal disease) OR pneumococcal disease
caused by one of the following serotypes: 4, 6B, 9 V, 14,
18C, 19 F, 23 F, 1, 3, 5, 7 F, 19A, 2, 8, 9 N, 10A, 11A,
12 F, 15B, 17 F, 20, 22 F and 33 F. (PPSV VT pneumo-
coccal disease).
Results were stratified according to the period of the

study, following PPSV introduction (2003), following
PCV7 introduction (2007) and following PCV13 intro-
duction (2010).

Results
The primary search identified 2,431 papers, with an add-
itional 51 papers identified from other sources. 38 co-
horts were eligible for inclusion. The characteristics of
the included studies are described in the online supple-
ment (Additional file 1: Tables E1-E5). The process of
literature review is summarised in Fig. 1.

Incidence of vaccine type pneumococcal disease in adults
in the UK
The most recent published data for the incidence of VT
pneumococcal disease is from 2013/14 in England and
Wales, reported by Waight et al. [21] This data is limited
to IPD.
Among all age groups (including children) PCV13 vac-

cine serotype IPD had an incidence of 1.40 per 100,000

population whilst PCV7 vaccine serotype IPD had an in-
cidence of 0.2 per 100,000 population [21].
The same authors reported that this represents a sta-

tistically significant reduction in PCV13 vaccine serotype
IPD compared to 2008–2010 (incidence 4.48 per
100,000 population), Incidence Rate Ratio (IRR) 0.31
(0.28–0.35) [21]. There was a corresponding increase in
non-vaccine serotypes from 4.19 per 100,000 to 5.25 per
100,000 during the same period, IRR 1.25 (1.17–1.35).
Regional data for the North East of England from 2006
to 2010 showed that PCV13 was responsible for 58 % of
IPD cases across all age groups with a reported inci-
dence of 7.8 per 100,000 falling to 5.2 per 100,000 in
2009/10. The corresponding figures for PCV7 serotypes
were 3.9 per 100,000 in 2006/7 falling to 1.3 per 100,000
in 2009/10 [22].
The contribution of PCV13 serotypes to total IPD was

relatively stable from 1996 to 2005, accounting for 76 %
of cases in 1996, and 69 % in 2005 in a study from the
Thames Valley region [23]. In the study of Waight et al.,
PCV13 serotypes accounted for 44.1 % of IPD across all
age groups (42.4 % among adults aged 15 years and
older) in 2008–10 falling to 20.4 % across all age groups
(20.8 % among adults aged 15+) in 2013/14 [21].
Data from Scotland has also been reported [24–27]. Fei-

kin et al. reported reductions in PCV7 serotypes following
the introduction of the childhood vaccination schedule in
2007, with an IRR of 0.90 (0.61–1.35) in year one, 0.58
(0.38–0.88) in year 2, 0.29 (0.17–0.50) in year 3 and 0.16
(0.08–0.34) in year 4 post vaccine introduction [27]. These

Fig. 1 Process of literature review. Abbreviations UK = United Kingdom, RCT = randomized controlled trial, Pn = pneumococcal VT = vaccine type
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reductions were equivalent to those reported in other
countries included in this analysis [27].
These data are limited to IPD. The search identified

few studies that addressed non-invasive pneumococcal
disease or that specifically addressed CAP. A series of
studies conducted in Nottingham UK prospectively re-
cruited patients admitted to hospital with CAP and used
a validated multiplex immunoassay to determine 14
pneumococcal serotypes in urine [28–30]. The study of
Rodrigo et al., which only included adults, found an inci-
dence of PCV13 serotype CAP of 21.7 per 100,000
population in 2008/2009 reducing to 8.6 per 100,000
population in 2012–2013 [29]. The corresponding rates
for PCV7 VT pneumococcal CAP was 11.1 per 100,000
in 2008/9 reducing to 2.3 per 100,000 in 2012–13 [29].
This was associated with a significant reduction in over-
all CAP from 90.7 cases per 100,000 in 2008/9 to 65.4
per 100,000 in 2012/13 [29]. This data is only applicable
to hospitalised cases of CAP as outpatients were not in-
cluded. Our systematic review identified no recent studies
of the incidence of VT CAP managed in the community.
In terms of PPSV vaccine coverage of IPD, the propor-

tion of pneumococcal disease cases caused by serotypes
present in the vaccine, has remained stable over time.
From 1995 to 1999, for those aged 5–64 years, 97.8 % of
isolates were covered by the PPSV vaccine [31]. The
study by Sleeman et al., identified slightly lower vaccine
coverage (89.9 %) in Oxford whilst in those aged
>65 years, vaccine coverage was 97.2 % [31]. Foster et al.
reported coverage of 91 % for PPSV serotypes for inva-
sive pneumococal disease in 1995 which remained stable
at 89 % in 2005 [23]. During the similar period of 1993–
1999 in Scotland, Kyaw et al. reported vaccine coverage
of 95 % in adults age 5–64 years and 96 % in those older
than 65 [32]. This remained stable over time, with
94.9 % coverage in 2003 from a Scottish study by Clarke
et al. [33] Andrews et al. reported the incidence of IPD
following the introduction of the PPSV programme to
all adults in 2003 [34]. From 1998 to 2004/5 they report
an incidence of 17.58 per 100,000 adults, with a stable
incidence of 17.95 per 100,000 in 2005/6 and 17.2 in
2006–2010, among those aged 65–74 years [34]. They
noted a small reduction in incidence of PPSV serotype
IPD following the introduction of PCV7 but not follow-
ing introduction of PPSV- IRR following PPSV in the
over 80’s was 0.99 (0.90–1.08) while following introduc-
tion of PCV7 the IRR was 0.77 (0.71–0.83) [28]. The in-
cidence rate remains substantial at 38.17 per 100,000
population in the over 80’s following PCV7 introduction
[34]. Regional data confirms these patterns, with data
from Hull and East Yorkshire (2002–2009) showing
89 % coverage for PPSV serotypes. This varied from
94.4 % in 2002 to 81.4 % in 2009, with the change arising
entirely due to reductions in PCV7 serotypes [35].

Burden of vaccine type pneumococcal community-
acquired pneumonia
The majority of studies only reported data for IPD, and
few specifically reported data for CAP. The only pro-
spective study to report data on the contribution of VT
pneumococcal CAP were from adults admitted to hos-
pital in Nottingham, UK from 2008 to 2013 [29].
The proportion of cases of CAP caused by S. pneumo-

niae extracted from Rodrigo et al. [29] and the propor-
tion of CAP cases caused by PCV7 and PCV13 are
shown in Fig. 2.
This study reported a decline over 5 years in the inci-

dence of all-cause CAP from 91 cases per 100,000 in
2008/9 falling to 65 cases per 100,000 in 2012/13.
Pneumococcal pneumonia declined over the same
period from 35 to 21 cases per 100,000 population. The
proportion of cases of pneumococcal pneumonia caused
by vaccine serotypes is shown below (Fig. 3). Overall,
PCV13 serotypes accounted for 41–62 % of pneumococ-
cal pneumonia during the study period, with the major-
ity of these cases caused by the additional serotypes in
PCV13 compared to PCV7 (namely 1,3,5,6A,7 F and
19A) [29]. This study found that only 13.3 % of pneumo-
coccal aetiology was identified by blood cultures, con-
sistent with comparison of population estimates which
suggest the incidence of non-invasive CAP is 5 to 10
fold higher than IPD. [21, 29] Interestingly, although
concerns have been raised that herd protection may not
reduce the incidence of serotype 3, this study showed a
marked reduction in serotype 3 CAP incidence from
2008 to 2013 [29].
The British Society for Antimicrobial Chemotherapy

(BSAC) reported surveillance data from respiratory tract
isolates of S. pneumoniae, although these represented
sputum specimens without a clear clinical diagnosis of
CAP [36]. Farrell et al. reported from 1997 to 2007 that
PCV13 serotypes accounted for 58.6 % of respiratory
tract isolates. The corresponding figure for PPSV was
approximately 72.2 %, accounting for some serotypes
not being reported as they were of low incidence [36].

Pneumococcal meningitis
Limited data were also available for pneumococcal men-
ingitis, with data from Johnson et al., showing that from
1998 to 2005, PCV13 serotypes accounted for 83.6 % of
cases of pneumococcal meningitis in England and Wales
[37]. PPSV serotypes accounted for 94 % of cases of
pneumococcal meningitis [37].

Absolute number of cases of PCV13 serotype CAP and
IPD
The most recent Office for National Statistics estimates of
the UK population are 54.3 m people in England, 64.5 m
people across the whole of the UK, with 11.4 m people
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aged >65 years [38]. Putting the incidence data into con-
text therefore, the most recent data would indicate that
934 cases of PCV13 serotype IPD would be expected in
adults per year [21]. This would include approximately
420 cases in patients aged >65 years [21]. Assuming the
results of Rodrigo et al. are applicable to the adult UK
population as a whole, there would be 10,696 hospitalised
cases of Pneumococcal CAP annually, with 4465 cases
due to PCV13 serotypes [29]. This would include an esti-
mated 2418 cases annually due to PCV13 serotypes in pa-
tients aged ≥65 years. There was no data to estimate the
number of non-hospitalised (outpatient) cases due to vac-
cine serotypes. These estimates are shown in Fig. 3. The
figure suggests that the true incidence from 2014/15 on-
wards is likely to be lower than reported above due to a
decreasing trend in absolute numbers with time.

Incidence of vaccine type pneumococcal disease in
specific risk groups in the UK
Adults aged >65 years
Among adults aged >65 years Waight et al. reported an
incidence of PCV13 serotype IPD of 10.33 per 100,000
population in 2008–10 reducing to 3.72 per 100,000 in
2013/14 [21]. PCV7 serotypes reduced from 4.58 per
100,000 in 2008–10 to 0.53 per 100,000 population in
2013/14, giving an IRR of 0.11 (0.08–0.18). This study
demonstrated a highly significant reduction in all 5 add-
itional serotypes while there were no significant reduc-
tions in the non-PCV13 serotypes [21].
From the study of Rodrigo et al., the overall contribution

of pneumococcal CAP to overall CAP incidence varied
from year to year from 17.1 to 37.3 % of cases [29]. The
proportion of cases due to PCV7 reduced substantially

Fig. 2 a Proportion of cases of adult hospitalised community-acquired pneumonia caused by S.pneumoniae, PCV7 serotypes and PCV13
serotypes respectively. b Proportion of pneumococcal CAP cases caused by different vaccine serotypes. Abbreviations. PCV = pneumococcal
conjugate vaccine, CAP = community-acquired pneumonia

Fig. 3 Projected number of patients affected by VT pneumococcal disease based on the most recent UK data identified in the systematic review
[21, 29]. PCV13 only CAP refers to serotypes contained in PCV13 that are not contained in PCV7. Abbreviations: CAP = community-acquired
pneumonia, IPD = invasive pneumococcal disease
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from 13.4 % of all CAP cases in 2008/9 to 0.3 % in 2011/12.
Rates of CAP due to PCV13 also reduced significantly from
2008/09 onwards, from 24.8 % of CAP cases to 7.5 % of
cases in 2011/12 and 12.6 % of cases in 2012/13 [29]. The
largest reductions were seen in those aged >85 years [29].

Risk groups
Van Hoek reported data on the impact of clinical risk fac-
tors for IPD in England [39]. The authors examined spe-
cific risk groups including those with asplenia, chronic
respiratory disease (including COPD), chronic heart dis-
ease, chronic renal disease, chronic liver disease, diabetes,
immunosuppression, cochlear implants and cerebrospinal
fluid leaks [39]. They used data from a 2009 survey of
PPSV uptake in general practice to estimate the propor-
tion of patients with these risk factors in England and
identified 44.8 % of patients aged >65 years having had at
least one risk factor, with chronic heart disease the most
common. [39] The incidence of IPD was greatly increased
in patients with risk factors, particularly chronic liver dis-
ease, immunosuppression and chronic respiratory disease.
In the older age group (>65 years), the incidence in pa-
tients without risk factors was 17.9 per 100,000, increasing
to 48 per 100,000 with one or more risk factor. This was
higher still at 91 per 100,000 if the co-morbidity was
COPD, and 129 per 100,000 in chronic liver disease [39].
A similar pattern was observed in younger adults (16–

64 years). The baseline incidence without risk factors
was 5.2 per 100,000, rising to 39 per 100,000 in risk
groups, with the higher incidence 172 per 100,000 in
those with chronic liver disease and 91 per 100,000 in
chronic respiratory disease. The study was conducted
prior to the introduction of PCV13. From 2005 to 2009,
there was good coverage of PPSV in the risk groups
(90 % in 2005/6 falling to 83 % in 2008/9, compared to
95 and 91 % in non-risk groups respectively), and also
good coverage of PCV13 (73 % of IPD cases in 2005/6
falling to 61 % in 2008/9, compared to 75 and 64 % over
the same period in non-risk groups) [39]. The introduc-
tion of PCV7 had a clear effect in both risk and non-risk
groups, with the % vaccine coverage falling from 45 % in
2005/6 to 21 % in 2008/9, with no significant differences
between risk and non-risk groups [39].
The search identified no specific data on the incidence

of non-invasive pneumococcal infection in risk groups
[10, 40–42]. A summary of the risk group incidence esti-
mates are shown in Fig. 4. Table 1 below summarises in-
cidence data from 3 studies with the most recent
incidence data for IPD, CAP and risk groups in the UK.

Immunosuppressed patients
There are few studies of pneumococcal disease in im-
munosuppressed patients and most surveillance data are
unable to identify these subgroups of patients. The

above study by Van Hoek identified that immunosup-
pression was the single greatest risk factor for IPD
among risk groups in the UK population [39]. The inci-
dence was 209 per 100,000 for immunosuppressed pa-
tients aged >65 years (odds ratio 11.7 compared to
patients >65 without immunosuppression). The equiva-
lent data for younger adults was 88 per 100,000 (odds
ratio 17.1 compared to adults 16–64 without immuno-
suppression [39]. HIV is also a risk factor for IPD. [42]
The above study identified an incidence of 95 per
100,000 in the elderly (age >65 years) although this is
based on only 2 cases. The incidence rate was 316 per
100,000 in adults aged 16–64 years (odds ratio 61.2
compared to patients without HIV) [39].
Yin et al. reported a study of IPD among HIV positive

individuals from 2000 to 2009. This included 63,109
HIV positive adults of which 951 developed IPD. [43]
This resulted in estimates of IPD incidence of 245 per
100,000 HIV positive adults. The study reported that in
the final year of data (2009), 23 % of causative serotypes
were covered by PCV7, a 54 % reduction compared to
prior to PCV7 introduction. For PPSV, the coverage was
89 % in 2000–2006 and 91 % in 2009 [43].

Impact of vaccine type pneumococcal disease on
outcomes
We identified minimal data on the pre-specified markers
of disease impact such as hospitalisation rates, length of
hospital stay, intensive care unit admissions, attributable
mortality and healthcare costs.
Van Hoek examined differences in site of infection and

mortality association with different vaccine serotypes in
England and Wales. Serotypes 35 F, 6C and 18C were
most frequently associated with meningitis in the elderly,
and serotype 1 was most strongly associated with empy-
ema hospitalisation [44].
The highest case fatality rates among patients aged 5–

64 years were reported for serotype 31 (33 %), 11A
(30 %) and 19 F (21 %). Serotype 31 is not included in
either the PPSV or PCV13, while 11A is included in
PPSV and not PCV13. Among the elderly (>65 years)
the highest case fatality rates were for serotypes 19 F
(41 %), 31 (40 %) and 3 (39 %) [44].
Scottish data was reported by Inverarity et al. for the

period 1992–2007. The highest 30-day mortality rate
was for serogroup 3 (24 %), followed by 19 and 23 (18
and 15 % respectively). Serotype data was not available
for the majority of the study [26].
Risk groups greatly influence the risk of mortality in

IPD. As reported by Van Hoek, the mortality in patients
aged >65 years without other risk factors was 29.1 %
(compared to 5.4 % in patients aged 16–64 years) [39].
Among the elderly, one or more risk factors increased
mortality by approximately 20 %, chronic heart disease
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increased risk by 40 %, kidney disease by 90 % and
chronic liver disease was associated with a near 3 fold
increased risk of death [39]. Even larger impacts were
seen in the younger age group, where having one or
more co-morbidity increased mortality by an odds ratio
of 3.9 (3.4–4.4) [39].

Discussion
Our systematic review identifies a high burden of
pneumococcal disease in adults in the UK, while also
revealing substantial ongoing changes in the epidemi-
ology of pneumococcal disease. The most recent data
from 2013/14 shows an incidence of 6.85 per 100,000
population across all age groups for IPD, and an inci-
dence of 20.58 per 100,000 population in those aged
>65 years [21]. The corresponding incidences for
PCV13 serotype IPD were 1.4 per 100,000 and 3.72
per 100,000. The most recent available data for CAP
including non-invasive disease showed an incidence of
20.6 per 100,000 for hospitalised adults with pneumo-
coccal CAP and 8.6 per 100,000 population for hospi-
talised PCV13 serotype CAP [21, 29]. We have
estimated that if these most recent estimates are ap-
plicable to UK population as a whole, there would be
at least 10,000 cases of hospitalised pneumococcal
CAP, with 4000 caused by PCV13 serotypes and more
than 900 cases of PCV13 serotype IPD. The estimates
of burden for non-invasive disease are likely to be an
underestimate due to the absence of data from CAP
managed in the community.
These data have limitations as discussed below, but

suggest that pneumococcal disease and PCV13 vaccine
type pneumococcal CAP continue to have a significant
burden in adults, even after the introduction of PCV13
in children.

Fig. 4 The most recent incidence data available for each pre-specified population grouped according to invasive pneumococcal disease and
community-acquired pneumonia. Data derived from Waight et al., Rodrigo et al. and van Hoek et al. [21, 29, 39]. The dates across the top indicate
the most recent year in which data were available

Table 1 Selected population IPD and CAP disease burden
estimates for PCV13 serotype CAP

Study Population Year Incidence/100,000

Waight et al [21] England and Wales
IPD – all ages

2013/14 1.40

Waight et al [21] England and Wales
IPD- age >65 years

2013/14 3.72

Rodrigo et al [29] Nottingham
(multicentre)
CAP- adults all ages

2012/13 8.60

Rodrigo et al [29] Nottingham
(multicentre)
CAP- Age >65 years

2012/13 16.75

Van Hoek et al [39] England
Risk groupsa Adult

2008/9 37.10b

Van Hoek et al [39] England
Risk groupsa ≥65 years

2008/9 39.84b

CAP refers to non-invasive and invasive pneumococcal community
acquired pneumonia
arisk groups include asplenia/splenic dysfunction/chronic respiratory disease/
chronic heart disease/chronic kidney disease/chronic liver disease/diabetes/
immunosuppression/cochlear implants/cerebrospinal fluid leaks [39]
bdata extracted based on reported 83 % coverage of total IPD incidence by
PCV13 during 2008/9
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There is, however, an ongoing trend of reduced inci-
dence of PCV13 serotype IPD and CAP in the UK, dem-
onstrated both in the study of Waight et al., who
demonstrated a 69 % incidence reduction between 2008
and 2014, and in the study by Rodrigo et al. who demon-
strated a reduction of 48 % in PCV7 CAP, and a 13 % re-
duction in the additional serotypes contained in PCV13
[21, 29].
Pneumococcal vaccination is now a core part of public

health policy [3, 45]. The pneumococcal polysaccharide
vaccination covers 23 common serotypes and has been
available since 1983. It was introduced into the routine
vaccination schedule in England and Wales in 2003/4
for patients aged 80 and over, followed by patients aged
75 and over in 2004/5 and all patients aged 65 and over
in 2005/6. The 7-valent conjugate vaccine was intro-
duced in children in 2007, followed by the introduction
of the 13-valent conjugate vaccine for children in 2010 [3].
S. pneumoniae is capable of causing IPD and non-

invasive pneumococcal pneumonia [46]. We identified a
large body of evidence on the incidence of IPD in the
UK thanks to ongoing surveillance programmes in Eng-
land, Wales and Scotland.
Patients aged >65 years have the highest incidence of

pneumococcal disease and non-invasive pneumococcal
pneumonia and are therefore the primary target of vac-
cination programmes [18]. Although high uptake of
paediatric conjugate vaccines has led to a reduction in
cases of adult IPD through herd protection, there re-
mains a substantial burden of IPD and pneumococcal
pneumonia in adults [47, 48].
The CAPITA trial was a randomized double blind pla-

cebo controlled trial conducted in the Netherlands
which demonstrated efficacy in the reduction of vaccine
type pneumococcal CAP in those adults >65 years re-
ceiving the 13-valent conjugate vaccine [18]. In the per-
protocol population, vaccine efficacy for the prevention
of a first episode of vaccine-type CAP was 46 %, and
protection persisted for at least 4 years. There are, how-
ever, important differences between the UK and the
Netherlands. The Netherlands has no PPSV programme,
while uptake of the PPSV vaccination in the UK is
among the best in Europe [45]. In addition, as noted
above, the PCV13 vaccine has been used in the UK since
2010 for children, while the CAPITA trial results were
obtained in a population where PCV7 was introduced
for newborns in 2006 and replaced by PCV10 in 2011
[49]. Therefore our data allows a degree of comparison
between the epidemiology of pneumococcal disease in
the UK and the Netherlands. In 2008 in the Netherlands,
68.4 % of IPD episodes in patients aged 65 years or older
were caused by PCV13 serotypes, compared to 42.3 % in
2013 [49]. The corresponding figures from Waight et al.
for England and Wales were 44.1 and 20.3 % [21].

Rodrigo et al. reported that 40.6 % of cases of pneumo-
coccal CAP were PCV13 VT in 2012/13 [29].
The impact of pneumococcal vaccination programmes

in children has been accompanied by a concern about
serotype replacement and the potential implication of
this on public health [50–52]. Waight et al. reported a
significant increase in non-vaccine serotype IPD follow-
ing the introduction of PCV13 (IRR 1.25 95 % CI 1.17–
1.35 comparing 2008–10 to 2013/14) [21]. Data re-
ported, only in abstract form to date, from the BSAC
surveillance project provides further evidence that this is
occurring [53]. Using data from up to 40 clinical labora-
tories in the UK and Ireland, they showed for bacter-
aemic pneumococcal disease, 76 % of cases were PCV13
serotypes prior to PCV7 introduction (data from Jan 04-
Dec 06) falling to 21 % (Jan-Dec 14). The corresponding
data for respiratory isolates was 59 % falling to 17 %
[53]. The most frequent serotypes for both bacteraemia
and lower respiratory tract infection in 2004–6 were
covered by PCV13, but in 2014 were not, with serotypes
8, 22 F and 12 F being most frequent in bacteraemia and
15A and 23B most frequent in LRTI [53]. They report
associated significant increases in penicillin, tetracycline
and multidrug resistance which appears to be mostly
due to expansion of serotype 15A [53]. Antimicrobial re-
sistance is an increasing problem in CAP generally and
these data emphasise the importance of ongoing surveil-
lance and consideration of the indirect impact of child-
hood vaccination [50–52, 54].
This study identified important gaps in the literature

regarding the burden of pneumococcal disease in the
UK. There was limited data outside of surveillance of
IPD. Data for non-invasive pneumococcal pneumonia
was limited to hospitalised patients in a single UK city,
in Nottingham, England and a series of respiratory tract
isolates forming part of the British Society for Anti-
microbial Chemotherapy surveillance studies [31, 36, 53]
which would include patients with CAP, but would also
include respiratory/sputum isolates from patients with
other respiratory tract infections such as exacerbations
of COPD [55], bronchiectasis (where S. pneumoniae can
be a coloniser) [56] and upper airway commensals.
There are important differences both in terms of sero-
types responsible for invasive vs non-invasive disease, in
disease outcomes and in vaccine effectiveness against
non-invasive disease vs invasive disease. Inclusion of
additional data on non-invasive CAP in the UK would
be valuable. Our available data suggests that there are
up to 10 cases of non-invasive pneumococcal CAP for
each case of IPD and so studies restricted to IPD are
likely to greatly underestimate the burden of pneumo-
coccal disease.
None of the studies identified in the systematic review

were conducted in the community and so the burden of
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pneumococcal disease in the community is unknown.
Multiple studies suggest that S. pneumoniae remains the
most common cause of CAP in outpatients, where the
majority of CAP is managed [57–60]. Although the mor-
tality rate of CAP in the community is low at less than
1 %, the impact is significant at a population level in
terms of lost days of work, reduced productivity and
long term complications [60, 61]. More data on the bur-
den of disease in the community is needed, as hospital
based studies may underestimate the true impact.
At the other end of the severity spectrum, we identi-

fied little data on the pneumococcal vaccine serotypes
associated with the most severe pneumonia causing in-
tensive care unit admission. Although Van Hoek et al.
reported data on the mortality attributable to different
serotypes using record linkage, similar data for ICU ad-
mission was not available [39]. Mortality and severe
pneumonia requiring ICU admission are not necessarily
synonymous as the majority of pneumonia related
deaths occur outside the ICU with up to 50 % occurring
due to co-morbidities rather than directly due to pneu-
monia [61–63].
The incidence of CAP, and pneumococcal disease in

particular is greatly increased in at risk populations such
as patients with COPD, chronic heart failure and im-
munosuppression [42]. COPD patients have a greatly in-
creased frequency of pneumonia at 22.4 per 1000 person
years due to a combination of reduced local immunity,
co-morbidities and the impact of immunosuppression
through inhaled corticosteroids [64, 65]. Additional risk
factors identified through analysis of UK health records
include diabetes, chronic heart disease, chronic renal dis-
ease, asplenia, chronic liver disease, sickle cell disease,
HIV, previous stroke, rheumatoid arthritis, Parkinson’s
disease, multiple sclerosis, dementia, osteoporosis and ma-
lignancy [66]. IPD data suggests a greatly increased risk of
IPD in patients with one or more risk factors, particularly
chronic liver disease, COPD and immunosuppression with
evidence of “risk stacking” with the incidences greatest in
patients with more risk factors, or a combination of in-
creasing age and high risk co-morbidities [39]. Mortality
from IPD is also greatly increased in patients from high
risk groups, ranging from a 20 % increase in risk of death
among elderly patients with COPD, to an estimated
1000 % increased risk of death among patients aged 16–
64 years with chronic liver disease, compared to patients
of the same age without liver disease [39].
The UK population is ageing, and therefore the burden

of CAP and pneumococcal disease in general is expected
to increase even with the impact of childhood and adult
vaccine programmes.
There are important regional variations in the inci-

dence of CAP in the UK. Millet et al. demonstrated a
significantly lower incidence of LRTI and CAP in

London and the South East of England compared to the
North, Yorkshire and the Midlands in both men and
women [67]. This may be partly explained by differences
in socioeconomic deprivation which is a major risk fac-
tor for CAP. Given the large differences observed in this
study between regions, estimates of risk averaged across
the whole of the UK should be interpreted in the local
context. [67]

Conclusion
VT pneumococcal disease continues to have a significant
burden in adults in the UK. IPD data will underestimate
the impact of pneumococcal disease because the major-
ity of cases of CAP are non-invasive. Nevertheless, both
IPD and CAP data sources in the UK suggest an ongoing
herd protection effect from childhood PCV13 causing a
reduction in the proportion of cases caused by PCV13
serotypes in adults. Despite this, the most recent data
suggests that PCV13 serotypes account for 12.6 % of all
cases of CAP and 41 % of pneumococcal CAP. This data
will be useful in evaluating the clinical and economic
case for adult PCV13 vaccination in the UK.
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Community-acquired pneumonia in the
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Abstract

Pneumococcal disease has a high burden in adults in the United Kingdom (UK); however, the total burden is
underestimated, principally because most cases of community-acquired pneumonia (CAP) are non-invasive.
Research into pneumonia receives poor funding relative to its disease burden (global mortality, disability-adjusted
life years, and years lived with disability), ranking just 20 out of 25 for investment in infectious diseases in the UK.
The current accuracy of data for establishing incidence rates is questionable, and it is a reflection of the paucity of
research that much of the background information available derives from nearly 30 years ago. Given the
relationship between CAP and mortality (pneumonia accounts for 29,000 deaths per annum in the UK, and 5–15%
of patients hospitalised with CAP die within 30 days of admission), and the increasing threat of antimicrobial
resistance associated with inappropriate antibiotic prescribing, such neglect of a highly prevalent problem is
concerning. In this Call to Action, we explore the poorly understood burden of CAP in the UK, discuss the
importance of an accurate diagnosis and appropriate treatment, and suggest how national collaboration could
improve the management of an often life-threatening, yet potentially preventable disease.

Keywords: Antimicrobial resistance, Clostridium Difficile, Community-acquired pneumonia, Immunization,
Pneumococcal disease, Pneumonia burden, Pneumonia diagnostics, Pneumonia epidemiology, Streptococcus
Pneumoniae

Background
By any measure, pneumonia has a huge impact on the
United Kingdom (UK) and European healthcare systems,
being associated with high rates of hospital admission
and length of stay. Across Europe, annual inpatient care
accounts for healthcare expenditure of €5.7 billion,
outpatient care for €0.5 billion, and medication for €0.2
billion. The reported incidence of invasive pneumococ-
cal disease (IPD) in the UK is 6.85 per 100,000 annually
[1]. In addition, 5–15% of patients hospitalised with
community-acquired pneumonia (CAP) will die within
30 days of admission, rising to 30% for those admitted to
the intensive care unit [2]. This is particularly worrying
because pneumonia is responsible for more hospital ad-
missions and bed days than any other lung disease in the
UK, and results in 29,000 deaths per annum—the third

greatest cause of death from lung disease after chronic
obstructive pulmonary disease (COPD; second greatest
cause) and lung cancer (leading cause). Furthermore, the
UK ranks 21 out of 99 countries for age-standardized
mortality due to pneumonia [3]. CAP also has long-term
implications for subsequent mortality; 1-, 5-, and 7-year
mortality rates in patients who recovered from CAP in
the Netherlands were significantly higher at 17%, 43%,
and 53%, respectively, than the mortality rates seen in age-
and sex-matched population controls (4%, 19%, and 24%).
Malignancy (27%), COPD (19%), and cardiovascular dis-
ease (16%) were the most common causes of death [4].
Conditions such as cardiovascular disease have seen

mortality rates drop significantly over the past 10 years
[5] in line with major research initiatives and funding al-
location, but little progress has been observed in pneu-
monia epidemiology, pathophysiology, or therapy.
Indeed, in an analysis of UK infectious disease research
funding (1997–2013), pneumonia received poor invest-
ment relative to its disease burden (global mortality,
disability-adjusted life years, and years lived with
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disability), ranking just 20 out of 25 infectious diseases
[6]. In this article, we argue that, despite its obvious
impact and burden, pneumonia is a substantially under-
estimated, neglected, and underfunded condition in the
UK. Many possible reasons exist for this unfortunate
position; none of them, we would argue, is acceptable.
Streptococcus pneumoniae is the leading cause of

community-acquired pneumonia in the UK and Europe
[7]. The results of a recent systematic review [2] show
that (i) vaccine-type pneumococcal disease still has a
high burden in UK adults, and (ii) the total burden of
pneumococcal disease in the UK is underestimated,
principally because most cases of CAP are non-invasive.
Given the relationship between CAP and mortality, and
the increasing threat of antimicrobial resistance (AMR)
associated with inappropriate antibiotic prescribing, this
neglect of a highly prevalent problem is concerning.
Here, we explore the poorly understood burden of

CAP in the UK, discuss the importance of an accurate
diagnosis and appropriate treatment, and suggest how
national collaboration could improve the management
of an often life-threatening, yet potentially preventable
disease.

Community-acquired pneumonia is an immediate
and growing concern
Pneumonia disproportionately affects older people [8],
with an overall CAP incidence of approximately 7.99/
1000 person-years in patients aged 65 years or older, and
a doubling of incidence between individuals aged 65–69
and 85–89 years, according to 1997–2011 data from the
UK Clinical Practice Research Datalink, associated with
the Hospital Episode Statistics (HES) database [9]. Given
that the UK population is aging (it is estimated that 23%
will be aged ≥65 years by 2035 vs. 17% in 2010) [10], the
economic burden of caring for elderly patients with
pneumonia can only increase in the absence of steps to
minimize the incidence of the disease [7].
Pneumonia and lower respiratory tract infections are

major causes of morbidity and mortality among those
aged 65 years or older [9], and CAP in the elderly can
aggravate underlying comorbidities (e.g. cardiovascular
disease, renal disease, liver disease, and malignancy) with
serious consequences [11]. Furthermore, long-term qual-
ity of life is substantially affected by CAP, and pneumo-
coccal pneumonia increases the risk of pneumonia-
related mortality three-fold versus non-pneumococcal
pneumonia in elderly patients [7].
Given the growing burden of disease, mechanisms to

reduce societal- and healthcare-associated costs must be
a priority. Prevention aside, the identification of individ-
uals who could be managed in the outpatient setting
could not only virtually eliminate hospital costs but also
decrease risk of infection with potentially resistant

nosocomial bacteria [7]. However, a study by Woodhead
et al. [12] (1987), conducted almost 30 years ago, was
the last to investigate the relative proportions of patients
with CAP accessing primary and secondary care in the
UK. This study found that 22% of CAP was treated in
hospital, with the remainder treated in primary care
[12]. For the UK National Health Service (NHS), avoid-
ing emergency admissions is a major concern due to the
high costs versus other forms of care; however, most
clinical commissioning groups (formerly known as pri-
mary care trusts) still have high rates of emergency
admissions [13].
Increased socioeconomic deprivation is associated with

increased incidences of both CAP and lower respiratory
tract infection. Regional variations exist; rates of CAP in
the UK are approximately 70% higher in the most
deprived quintile (North England) than in the least de-
prived quintile (London and South East coast) [9].
Finally, CAP has an indirect socioeconomic impact;

the same historical cohort study [12] mentioned above
found that approximately half of patients in employment
required more than two weeks off work. Data are lacking
on the current effect of pneumonia on work days lost to
CAP in the UK. In Europe, this cost is estimated to be
€3.6 billion annually [7].

How are policy makers and healthcare funders
making informed decisions?
CAP is a cause for serious concern, yet it is largely ig-
nored in the political and healthcare arenas. This situ-
ation could reflect a lack of understanding of the extent
of the problem. The current accuracy of data for estab-
lishing incidence rates is questionable; we believe the
statistics quoted above are an underestimate. This view
is supported by data from other developed countries
(see Fig. 1). It is a reflection of the paucity of research
that much of the UK background information available
derives from nearly 30 years ago.
In more detail, the recent prospective cohort study of

adults (aged ≥16 years) with CAP admitted to two large
teaching hospitals (acute admission units, hospital wards
and critical care units) in Nottingham, UK, used a stan-
dardized proforma to collect daily information on pa-
tient demographics, clinical information, microbiological
investigations, radiological findings and outcome mea-
sures [14]. Inclusion criteria comprised symptoms sug-
gestive of lower respiratory tract infection (at least one
of breathlessness, cough, sputum, or fever), with new in-
filtrates on chest radiography consistent with pneumo-
nia, and treatment by the admitting clinical team for
CAP. Exclusion criteria were post-obstruction pneumo-
nia due to lung cancer, active tuberculosis (discharged
from hospital within the preceding 10 days), and aspir-
ation pneumonia. The overall incidence rates for
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patients who were hospitalized with CAP and pneumo-
coccal CAP over 5 years (2008–2013) were 79.9 and
23.4 cases per 100,000 population, respectively. However,
this study was not strictly designed to determine the
overall incidence of CAP. It did not, for example, in-
clude data for patients (i) who did not consent for study;
(ii) from whom a urine sample was not obtained; (iii)
who were discharged from hospital within 10 days previ-
ously; (iv) who were admitted via a route not involving
acute admission units, hospital wards and critical care
units, or (v) who attended Accident and Emergency
(A&E) but were not admitted. Furthermore, a substantial
discrepancy exists between the number of patients aged
16 years or older and eligible for inclusion in the Not-
tingham study (n = 2702) [14] and HES data for the cor-
responding population (n = 11,059) [15]; there is also a
large difference in CAP incidence rates from these two
sources. Miscoding of HES data is a well-recognized
limitation of the database, but that notwithstanding, the
four-fold scale of this range is alarming, not least be-
cause it is unclear which of the two values is more ac-
curate. Such a discrepancy might represent the
difference between, for example, an incidence in Not-
tingham of 50,000 and 200,000 CAP cases per annum.
These data together with known, extensive regional vari-
ations associated with socioeconomic deprivation [9]
and higher European incidence rates (Fig. 1) would tend
to reduce confidence in published UK incidence rates.
HES data are used by Public Health England (PHE) to
help guide policy [16], but the problems outlined above
mean that decisions are based on data which might lack
adequate strength and/or consistency.
A comparison of rates across Europe suggests that the

incidence of CAP is seriously underestimated in the UK

(Fig. 1), lending credence to the suggestion that the Not-
tingham study data may represent an incomplete assess-
ment of the incidence of CAP in the UK, which the HES
data might help to clarify. The authors considered opin-
ion is that even the latter numbers are likely to be an
underestimate. By considering possible routes via which
patients with CAP access healthcare in the UK (Fig. 2),
it becomes clear that across the country, the capture of
CAP incidence in primary care is difficult, and the cap-
ture of CAP incidence in secondary care is incomplete.
One of the fundamental drivers of this problem is the
lack of a specific ICD-10 (10th revision of the Inter-
national Statistical Classification of Diseases and Related
Health Problems) diagnostic code for CAP, with the re-
sult that coding is not complete and patients are spread
across multiple diagnostic codes.
The consequence of underestimating the incidence, and

therefore the importance, of CAP is that its impact on
major healthcare outcomes such as AMR, Clostridium dif-
ficile infection (CDI), healthcare costs and winter pres-
sures are, in turn, greatly underestimated. Such
incomplete data on the incidence of CAP have major im-
plications for all involved in healthcare, but particularly
for those responsible for healthcare policy at governmen-
tal and local levels, who base far-reaching decisions on
such information. It is our view that we cannot tackle the
consequences of CAP until we raise the profile of CAP
among the public, policy makers, and research funders.

Inappropriate antibiotic treatment of community-
acquired pneumonia aggravates the development
of antimicrobial resistance
Hospitalization for CAP is increasing; from 1998 to
2008, the incidence of CAP-associated admissions in
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Fig. 1 Incidence rates of CAP around the world. *Age group 65–74 years only. CAP, community-acquired pneumonia; CAP IC, community-
acquired pneumonia in children; HCAP, healthcare-acquired pneumonia
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Oxfordshire (UK) rose by 4.2% per year, accelerating to
8.8% per year from 2009 to 2014 [8]. Trotter et al. [17]
also showed a marked increase (34%) in pneumonia hos-
pitalizations between 1997 and 1998 and 2004–2005 in
the UK. Consequently, because antibiotics are most
commonly indicated for respiratory tract infections in
UK hospitals (comprising 31% of prescriptions) [18], it
seems likely that increasing rates of hospital admissions
for CAP will also result in a rise in antibiotic prescribing,
contributing to the development of AMR [8].
In Europe, AMR has been observed in all pathogens

associated with CAP, including S. pneumoniae, which is
the single most common causative agent isolated [7].
CDI is strongly associated with broad-spectrum anti-
biotic use in CAP and is often nosocomial. [19, 20] A
study [20] in two Edinburgh hospitals found that (i) all
of the broad-spectrum antibiotics commonly used in
CAP (amoxicillin/clavulanic acid, cephalosporins, and
quinolones) were associated with a high level of risk for
CDI, and (ii) shortened antibiotic treatment duration
can reduce disease incidence, risk of developing AMR,
side effects, length of stay and hospital costs.
Improved antimicrobial stewardship and the develop-

ment of novel measures to tackle AMR are urgently
needed. A pathogen-directed antibiotic strategy (e.g. use
of penicillin rather than amoxicillin-clavulanate to treat
likely or confirmed pneumococcal disease) has demon-
strated comparable clinical efficacy to an empirical
broad-spectrum antibiotic strategy in patients with CAP
[21]. Appropriate treatment with pathogen-directed

antibiotics is likely to help reduce the risk of AMR, but
we lack robust, cost-effective and widely available diag-
nostics. A perception exists that antimicrobial-resistant
pathogens are increasing in UK and international CAP
patients, leading to increased use of broad-spectrum an-
tibiotics. Without prospective studies using modern
diagnostics and determining the true incidence of CAP
and its associated pathogens, antibiotic policies are reli-
ant on superannuated microbiological data, or inter-
national data that may not be applicable to the UK. A
systematic review has shown that current criteria used
to identify potentially antibiotic resistant pathogens in
the USA are not applicable to UK or European CAP
patients [22].
There is an urgent need to develop rapid, accurate,

point-of-care diagnostics capable of (i) differentiating be-
tween viral and bacterial infections in CAP in the com-
munity setting to minimize unnecessary antibiotic
prescription [23], and (ii) identifying bacterial infections
to guide pathogen-directed antibiotic treatment. Point-
of-care diagnostics will have added benefit in helping to
establish both the true incidence of CAP and the under-
standing of bacterial versus viral burden in the disease.
Initiatives such as the “Longitude Prize” [24] are an im-
portant factor in promoting diagnostic research.
A 2013 Cochrane review [25] has shown that 23-

valent pneumococcal polysaccharide vaccination pre-
vents IPD and non-invasive pneumococcal pneumonia,
but does not have an impact on all-cause CAP. It is es-
sential to increase vaccine coverage (e.g. against the

Fig. 2 Simplified schematic of the UK care pathway for adult patients with CAP accessing healthcare, and estimated capture of incidence rates.
A&E, accident and emergency; CAP, community-acquired pneumonia; CXR, chest X-ray; GP, general practitioner; HES, hospital episode statistics;
ICU, intensive care unit; NICE, National Institute for Health and Care Excellence
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most common causative agents, S. pneumoniae and in-
fluenza) [7]) to at least prevent IPD and non-invasive
pneumonia, thereby potentially reducing antibiotic use
(including that for treating pneumonia-associated sec-
ondary infection) and minimizing selective pressure
leading to AMR [23]. The WHO Global Action Plan on
Antimicrobial Resistance advocates the development and
use of new or improved vaccines to prevent diseases be-
coming problematic due to AMR [26]. Furthermore, the
UK Joint Committee on Vaccinations and Immunisation
(JCVI) has recognized the strategic importance of
immunization in addressing AMR, recommending that
cost-effectiveness analyses of vaccination programs
should include the potential benefits of reduced anti-
microbial use [27].
Data from the Nottingham study [14], together with

serotype-specific surveillance data for IPD (July to June
from 2002 to 2003 to 2013–2014) collated by Public
Health England, published by Waight et al. [1] and ana-
lyzed for cost effectiveness by Van Hoek et al. [28], were
instrumental in the JCVI decision that 13-valent
pneumococcal conjugate vaccine would not be univer-
sally recommended for those aged 65 years and older in
England. The vaccine is therefore only offered to those
aged 10 years or older who have been identified as being
at particularly high risk of, and high mortality from, IPD
(e.g. those receiving bone marrow transplants, or with
acute or chronic leukaemia) [29]. Necessarily, determin-
ing the efficacy and cost effectiveness of vaccination pro-
grams requires accurate information on the burden of
disease. As noted previously, data on CAP incidence are
poorly captured in the UK, not least because most cases
of CAP are non-invasive [2].

Call to action
As a first step, we draw attention to pneumonia as an
underestimated, neglected, and underfunded condition
in the UK, and call for all healthcare practitioners,

researchers, health planners, and policy makers at both
primary and secondary care level to react swiftly, as out-
lined in Table 1. National prospective studies of the true
incidence of CAP in both primary and secondary care
(including reasons for patients being overlooked or lost
to follow-up), immediate review of CAP diagnostic
methods, and effective preventative strategies (e.g. ad-
equate vaccination programs) are urgently needed to en-
sure that all patients (especially the elderly) receive
optimal care and treatment to minimize the impact of
CAP, reduce its medical and socioeconomic burden, and
restrict the development of AMR.
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• Prospective national study of the true incidence of CAP in secondary care
o Involving ~5 representative centres; one in each major UK geographical region

• Develop simple, accurate, and affordable point-of-care diagnostic(s) for:
o Differentiating viral vs. bacterial CAP to avoid unnecessary antibiotic use
o Identifying causative pathogen to guide pathogen-directed antibiotic therapy
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• Contribution of inappropriate prescribing in CAP to the development of AMR
• Establish the effectiveness of antibiotic stewardship programs in terms of improved CAP
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The UK introduced a pneumococcal conjugate vaccine (PCV)
that covered seven serotypes (PCV-7) for routine infant immunisa-
tion in 2006 which was replaced with a 13 valent PCV (PCV-13) in
2010 [1]. This resulted in major reductions in the vaccine type
pneumococcal disease burden across all age ranges due to both
direct and indirect protection [2]. PCV-13 is also licensed in the
UK for the prevention of invasive pneumococcal disease (IPD)
and pneumococcal pneumonia in adults but is currently only rec-
ommended for very high-risk adults in the UK. At present all UK
adults aged 65+ years and those considered at increased risk of
pneumococcal infection are routinely offered a single dose of the
23-valent pneumococcal polysaccharide vaccine (PPV-23) with
re-vaccination recommended for patients with chronic renal dis-
ease and asplenia/splenic dysfunction [1]. However, PPV-23 has
only limited short term effectiveness against IPD in UK adults aged
65+ years with no impact achieved at the population level [3].
There is also a lack of consistent evidence showing PPV-23 effec-
tiveness against adult community acquired pneumonia (CAP),
which reflects a much larger disease burden compared to adult
IPD with the pneumococcus an important cause [4]. Since 2013/
14 there has been a rapid increase in IPD in older UK adults aged
65+ years that is especially attributed to several PPV-23 non
PCV-13 (PPV-23non13) serotypes [2]. Next generation higher
valency PCVs (PCV-15 and PCV-20) that include some PPV-
23non13 serotypes are now in advanced stages of development
[5,6]. These are anticipated to shortly become available for use in
adults and may offer new opportunities to protect UK adults
against pneumococcal disease. The serotypes included in currently
available pneumococcal vaccines (PCV-13, PPV-23) and next gen-
eration higher valency PCVs (PCV-15, PCV-20) are shown in
Table 1.

Two key articles describe the contemporary epidemiology and
pneumococcal disease burden in UK adults with insight into indi-
vidual pneumococcal serotype. These data enable the proportion
of serotypes included in PCV-13, PCV-15 and PCV-20 currently con-
tributing to adult pneumococcal disease to be determined. The first
article presents routine national IPD surveillance data from Eng-
land and Wales from 2000 to 2017. For adults aged 65+ years the
number of IPD cases occurring in 2016/17 are described for 27
individual serotypes, including all those in PCV-13, PCV-15 and
PCV-20 [2]. The second presents data from a prospective study of
hospitalised CAP in adults aged 16+ years living in Greater Notting-

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2020.10.090&domain=pdf
https://doi.org/10.1016/j.vaccine.2020.10.090
https://doi.org/10.1016/j.vaccine.2020.10.090
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine


21.6%
32.6%

64.6%

(n=2588)

0

500

1000

1500

2000

2500

3000

PCV-13 PCV-15 PCV-20 Total
IPD

N
um

be
r o

f c
as

es

(A)

36%
32% 34% 37% 36% 35%

43%
37% 39% 43%

39% 40%

67% 65% 67% 67% 64% 66%

0%

20%

40%

60%

80%

13/14 14/15 15/16 16/17 17/18 Overall

(B)

PCV13 PCV15 PCV20

Fig. 1. The proportion of cases due to serotypes included in PCV-13, PCV-15 and
PCV-20 in (A) IPD in adults aged 65+ years living in England and Wales in 2016/17
(B) community acquired pneumococcal pneumonia in adults aged 16+ years in
Greater Nottingham between 2013/14 and 2017/18.

Table 1
The comparative serotype composition of currently available pneumococcal vaccines (PCV-13, PPV-23) and next
generation higher valency PCVs (PCV-15, PCV-20).
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ham (a local region consisting of the city of Nottingham and the
adjoining urban areas of Nottinghamshire and Derbyshire in the
East Midlands of England) from 2013 to 2018 where the 24 pneu-
mococcal serotypes included in PCV-13 and PPV-23 were individ-
ually identified from cases of pneumococcal CAP using a 24-
valent multiplex urinary assay [7].

In adults aged 65+ years the proportion of IPD due to serotypes
included in PCV-13, PCV-15 and PCV-20 was 22%, 33% and 65%
respectively in 2016/17 (Fig. 1). Between 2013/14 and 2017/18
the mean proportion of pneumococcal CAP in adults aged 16+
years due to the serotypes included in PCV-13, PCV-15 and PCV-
20 was 35%, 40% and 66% respectively (36%, 39% and 64% in
2017/18) (Fig. 1). Further stratification by individual serotype into
narrower age bands was not possible.

The majority of IPD in adults aged 65+ years in 2016/17 caused
by serotypes in PCV-13 was due to serotype 3 (53% of PCV-13 type
IPD, 12% of total IPD). Other notable PCV-13 serotypes in this age
group were 19A (28% of PCV-13 type IPD, 6% total IPD) and 19F
(6% of PCV-13 type IPD, 1% of total IPD). Trends show that inci-
dence due to serotype 19A and especially serotype 3 has been
increasing post 2013/14 in older adults. However, IPD due to the
remaining PCV-13 serotypes declined and comprised only 3% of
the total IPD burden in those aged 65+ years in 2016/17. Other ser-
otypes not included in PCV-13 that contributed most notably to the
IPD burden in older adults in 2016/17 were serotypes 8 (16%), 12F
(9%) and 9N (7%) with the incidence due to these serotypes also ris-
ing considerably post 2013/14. Whilst serotypes 22F and 33F col-
lectively caused 11% of the IPD burden in adults aged 65+ years
in 2016/17 incidence for each has remained relatively stable post
2013/14 [2].

Overall the serotype distribution for pneumococcal CAP in Eng-
lish adults aged 16+ years in Greater Nottingham broadly reflected
the distribution for IPD seen nationally in England and Wales for
adults aged 65+ years in 2016/17. Serotypes 3, 8 and 12F were sim-
ilarly prominent causes of pneumococcal CAP (comprising a mean
of 17%, 16% and 5% respectively across the study period). The pro-
portion of serotype 3 pneumococcal CAP increased across the study
period from 13% in 2013/14 to 19% in 2017/18 with pneumococcal
CAP due to serotypes 8 and 12F also increasing during this period.
The proportion of serotype 33F pneumococcal CAP declined from
8069127 of 2
4.5% in 2013/14 to 0.3% in 2017/18 but for serotype 22F remained
stable at ~3% across the study period. However, in contrast to IPD,
adult serotype 9N CAP showed no evidence of a recent increase [7].

Collectively these data suggest the additional serotypes
included in PPV-23 not currently in next generation PCVs (sero-
types 2, 9N, 17F and 20) cause only a small proportion of the con-
temporary adult pneumococcal disease burden in the UK. This was
6% of pneumococcal CAP across the five-year study period (4% in
2017/18). Serotypes 9N, 17F and 20 all contributed similarly to this
adult pneumococcal CAP burden with serotype 2 extremely rare.
The relevant IPD burden in adults aged 65+ years in 2016/17 is only
presented for serotypes 9N and 17F which collectively caused 8% of
total IPD [2,7].

Despite strong indirect protection induced by the UK routine
infant PCV-13 immunisation programme these data suggest a sig-
nificant proportion of the contemporary pneumococcal disease
burden in UK adults is still caused by PCV-13 serotypes [2,7]. How-
ever, this is largely due to a small number of vaccine serotypes
(19F, 19A and most notably 3) and is possibly because higher
thresholds of protection are required for these [8]. It has also been
hypothesized that routine infant PCV-13 programmes may induce
only more limited levels of indirect protection for these serotypes
specifically [8]. Therefore, directly vaccinating adults aged 65+
years with next generation higher valency PCVs may also be
needed to optimally address the full vaccine preventable pneumo-
coccal disease burden. Whilst paediatric formulations of PCV-15
and PCV-20 are currently at an earlier stage of development, wait-
ing for these to become available and relying on subsequent indi-
rect protection alone to protect adults may leave an important
persisting burden of pneumococcal disease in those aged 65+ years
due to certain vaccine serotypes where indirect protection is more
limited.

These data indicate a substantial proportion of the current adult
pneumococcal disease burden in the UK is caused by serotype 3,
and the ability of PCVs to specifically protect against serotype 3
disease is being questioned [2,7,8]. However, a recent analysis of
data from a large randomised controlled clinical trial (RCT) showed
PCV-13 efficacy against serotype 3 pneumonia in adults aged 65+
years to be 61.5% (95%CI 17.6–83.4) [9]. This suggests that PCVs
that include serotype 3 will provide some direct protection for
older adults against serotype 3 disease [4].

Compared to PCV-13 the serotype composition of the new
higher valency PCVs being developed reflect increasing propor-
tions of the current adult pneumococcal disease burden in the
UK, particularly when serotypes that have recently been rapidly
increasing in the UK (e.g. serotypes 8 and 12F) are included. At pre-
sent the serotypes included in PCV-20 reflect a large proportion
(~65%) of the adult pneumococcal disease burden in the UK, indi-
cating PCV-20 could potentially have a substantial impact. How-
ever, addition of serotypes 22F and 33F alone provides only a
moderate increase compared to PCV-13 suggesting that PCV-15
will have a more limited impact in the UK.

Serotype 9N was one of several pneumococcal serotypes that
unexpectedly emerged post 2013/14 as a rapidly increasing cause
61
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of IPD in the UK [2] but is not included in PCV-15 or PCV-20 [5,6].
Recent UK data shows that serotype 9N IPD affects older individu-
als and those with underlying co-morbidities and is associated
with a higher mortality compared to other serotypes [10]. Serotype
9N is therefore a candidate serotype to consider for inclusion in
future higher valency PCVs in addition to other pneumococcal ser-
otypes that may in future emerge as important causes of pneumo-
coccal disease.

Despite compelling evidence that PCV-13 is efficacious in adults
aged 65+ years it has been difficult to detect a measurable impact
following the introduction of routine vaccination with PCV-13 for
this age group in the US in 2014 when trends using US Active Bac-
terial Core Surveillance data for IPD are considered [11]. As with
any impact assessments, these data need interpreting with some
caution. Coverage of PCV-13 in US adults, for example, has been
low until more recently and this may contribute to the lack of
observed impact using these IPD surveillance data to 2017. It is
also notable that IPD incidence due to PCV-13 serotypes in US
adults aged 65+ years has remained stable since routine PCV-13
vaccination for older adults began in 2014. This contrasts with data
from the UK where older adults are not routinely vaccinated with
PCV-13, with a clear trend of increasing incidence post 2013/14 for
PCV-13 serotype IPD in those aged 65+ years [2,3]. Furthermore,
potential for vaccine impact may be optimally measured by inci-
dence rate reductions measured in RCTs. In this context, PCV-13
vaccination of older adults in the CAPiTA trial resulted in rate
reduction of 72 cases per 100,000 population for clinical CAP,
equating to a vaccine efficacy of 8% [12]. Similar vaccine effective-
ness estimates of 6–11% against all-cause CAP have also now been
reported by a study undertaken by the US CDC for PCV-13 vacci-
nated adults aged 65+ years [13]. Given the importance of the
broader public health impact of vaccines for public health decision
making, the SmPC of PCV-13 has recently been updated to include
the results from this analysis of CAPiTA [14].

In conclusion, directly vaccinating UK adults aged 65+ years
with PCV-13, which is currently available and licensed for use in
adults, could potentially address a significant proportion of the
contemporary pneumococcal disease burden in this age group.
However, the serotypes included in higher valency next generation
PCVs (PCV-15 and PCV-20) reflect increasing proportions of the
current adult pneumococcal disease burden in the UK, with ~65%
of the burden attributed to those serotypes included in PCV-20.
When available the higher valency next generation PCVs will
therefore present an important opportunity to optimise protection
for UK adults against pneumococcal disease.
8070128 of 2
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Abstract

While incidence studies based on hospitalisation counts are commonly used for public health
decision-making, no standard methodology to define hospitals’ catchment population exists.
We conducted a review of all published community-acquired pneumonia studies in England
indexed in PubMed and assessed methods for determining denominators when calculating
incidence in hospital-based surveillance studies. Denominators primarily were derived from
census-based population estimates of local geographic boundaries and none attempted to
determine denominators based on actual hospital access patterns in the community. We
describe a new approach to accurately define population denominators based on historical
patient healthcare utilisation data. This offers benefits over the more established methodolo-
gies which are dependent on assumptions regarding healthcare-seeking behaviour. Our new
approach may be applicable to a wide range of health conditions and provides a framework
to more accurately determine hospital catchment. This should increase the accuracy of disease
incidence estimates based on hospitalised events, improving information available for public
health decision making and service delivery planning.

Introduction

When considering the introduction of an immunisation programme, it is paramount that the
incidence of the diseases of interest is estimated as accurately as possible. Calculating annual
incidence rates (expressed as the number of cases per 100 000 population) depends on the
accurate estimation of two parameters: (1) the number of people diagnosed with the disease
during a specified time interval, (2) the size of the population from which the cases originated
at the start of the time interval of interest. Measuring each parameter has its own challenges,
but here we focus on challenges associated with estimating the size of local populations within
England, hereafter referred to as the denominator. For national datasets where the catchment
area is determined based on clear geographic boundaries, the denominator can be estimated
using census data which are maintained through annually adjusted estimates. However,
many surveillance studies use health centres such as clinics and hospitals, and in these
cases, the denominator population usually is not clearly defined.

To estimate healthcare facility catchment populations, a few map-based approaches have
previously been proposed (e.g. defined urban conurbation area, crow-fly distance, road dis-
tance and road time access) [1–5], all of which rely on census data to provide population esti-
mates based on where the boundary is drawn on the map from the given approach. However,
in England, and for several reasons, geographically defined denominators may provide a poor
estimate of the population accessing care at a particular health centre. The National Health
Service (NHS) provides healthcare free of charge for all residents in England and allows
patients to choose where they receive medical care, which is an important principle of the
English healthcare system. Although geography plays an important role in influencing this
choice, other factors may be important including public transport, parking, waiting times, traf-
fic considerations both for patients and visiting family members, experience with a particular
hospital, GP recommendation, ambulance preference, hospital capacity, specialist services and
hospital reputation [6]. Moreover, while it might be expected that those who live close to a
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hospital would preferentially choose that location, many people
live equidistant to more than one hospital (both in terms of dis-
tance and travel time). In summary, no standardised methodology
exists to estimate incidence based on the person seeking health-
care at a given facility.

In this report, we describe a novel methodology to estimate local
population denominators for the Bristol AvonCAP study – a study
set up with the specific aim of measuring the burden of hospitalised
respiratory disease in England, to provide evidence for informed
decision making for public health interventions including vaccines,
that have the potential to alleviate some of this burden. The study
was designed to measure the incidence of hospitalised
community-acquired pneumonia (CAP) and other acute lower
respiratory tract diseases (aLRTD) in two large secondary care hos-
pitals located in Bristol. We think this methodology could be repli-
cated for other health outcomes and other regions in England (or
elsewhere if a high level of formal primary care practice registration
exists), which could substantially improve disease incidence esti-
mates and thus accurate public health decision-making.

Methods

Methodology overview

The conceptual distinction between previously proposed approaches
to determine population denominators and our methodology is that
the former are based on assumptions about which hospitals patients
are expected to use. Our new methodology attempts to minimise the
use of assumptions by utilising multiple data sources to assess which
hospitals these populations have used in the past.

The NHS in England allocates an annual budget to local geo-
graphically defined clinical commissioning groups (CCGs)
broadly based on population numbers and utilisation in prior
years. In April 2021, there were 106 CCGs across England and
their boundaries were drawn to complement local healthcare
resources [7]. See the Method step 1 section for an important
organisational change for the NHS.

Robust systems are used by CCGs to reimburse hospital care,
therefore we hypothesised that CCG geographical regions may
be helpful in determining hospital catchment areas and local
populations. To test our hypothesis, we utilised Hospital
Episode Statistics (HES) data which were re-used with the permis-
sion of NHS Digital via Harvey Walsh Limited. aLRTD admis-
sions at the study hospitals between April 2017–March 2020
were linked to aggregated general practitioner (GP) data to under-
stand from which CCG the hospitals’ patients came (Methods
Part 1). Then, we estimated the proportion of patients hospita-
lised at the study hospitals among all patients hospitalised with
LRTD for each practice and multiplied that by count of patients
registered at that GP practice to calculate the Bristol hospital
catchment population (Methods Part 2).

In England, all hospitalisations in NHS hospitals are captured
in HES and all acute care is provided by NHS hospitals. HES con-
tains information on bed days, length of admission, outpatient
appointments, attendances at Accident and Emergency
Departments at NHS hospitals in England, discharge diagnoses
and hospital death [8]. The primary diagnosis and other clinical
conditions are specified using the tenth revision of the
International Classification of Diseases version 10 (ICD-10) [9].
Furthermore, in England a high proportion of the population
are registered with General Practice where it is not possible to
be registered at two practices concurrently [10, 11].

Method step 1 – defining GP practices associated with patients
treated at study hospitals

To understand from where patients treated at the study hospitals ori-
ginated (i.e. to which CCG the patients’ GP practices belong), HES
data were extracted for all adult patients coded for aLRTD between
April 2017–March 2020 and filtered to include only patients treated
at the study hospitals: North Bristol NHS Trust (NBT), and
University Hospitals Bristol NHS Foundation Trust & Weston NHS
Foundation Trust (UHBW). Finally, data were analysed to determine
in which CCG area the patients lived based on their GP registration.
There are 6 CCG regions in the South West of England within a
1-hour drive of the study hospitals, as illustrated in Figure 1.

Fig. 1 shows a map of the CCGs described in the results pie chart
(Fig. 2) along with the location of relevant hospitals. In July 2022NHS
England establised 42 integrated care systems (ICS) and as a conse-
quence CCGs were closed down and new statutory organisations
called integrated care boards (ICB) were introduced. The remit of
an ICB includes managing the NHS budget and arranging for the
provision of health services in the ICS area. The boundaries of the
new ICSs in the south-west of England remain unchanged from
the previous CCG boundaries and therefore this change does not
impact this analysis (https://www.england.nhs.uk/integratedcare/).

Method step 2 – defining the catchment population of study
hospitals

As patients registered in the CCG might seek care at a different hos-
pital for a variety of reasons, we could not assume every patient regis-
tered with a GP in the Bristol, North Somerset and South
Gloucestershire (BNSSG) CCG used the study hospitals. Therefore,
we estimated the proportionof patients fromeachGPpractice treated
at the study hospitals among all BNSSG CCG patients, stratified by
age group. This proportion was used to calculate the study hospitals’
catchment population.All aLRTDhospitalisations (based on ICD-10
codes; Appendix 1) occurring between April 2017 – March 2020
among patients registered in the BNSSG CCG were analysed by
GP practice. For each GP practice, the per cent of hospitalisations
occurring at study hospitals was calculated within each age-group
(18–34, 35–49, 50–64, 65–74, 75–84 and⩾85 years). The percentage
of hospitalisations occurring at study hospitals was the number of
patients at each GP practice who were admitted for aLRTD at
study hospitals (study hospital aLRTD patients) divided by the
total number of patients at that GP practice who were hospitalised
for aLRTD at any English hospital in the time period (overall
aLRTD inpatients). This proportion (i.e. per cent of aLRTD inpati-
ents using study hospitals) wasmultiplied by the practice population
for each GP practice by age strata to provide an expected Bristol hos-
pital catchment population contribution for each GP practice (once
all age groups summed). GP populations were obtained from NHS
Digital ‘Patients Registered at a GP Practice’ data for October 2019.
Finally, the catchment population contribution for each GP practice
in the BNSSG CCG was combined to provide an expected total
Bristol hospital catchment population. In summary, if:

• E = Calculated catchment population
• SHP = Number of patients at a GP practice hospitalised at
a study hospital with aLRTD during 2017–2019

• OL =Overall number of patients at a GP practice hospitalised in
England with aLRTD during 2017–2019

• POP = Local GP population
• i = Each individual practice

2 James Campling et al.
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Then:

E =
∑ SHPi

OLi

( )
POPi

( )

Drive-time methodology

The BNSSG CCG used a 20-minute drive-time for their healthcare
utilisationmapping purposes [12].We have included this alternative
methodological approach to allow comparison between ourmethod-
ologyandothermethodologies in current use.Weobtaineddata from
the BNSSGCCGwhich divides the CCG region into small geograph-
ical areas used by the UK census known as lower layer super output
areas (LSOA). LSOAs have a population of between 1000–3000 peo-
ple or 400–1200 households [13].Datawere filtered according to esti-
mated drive-time fromeachLSOA to the studyhospitals according to
the Automobile Association (AA) route planner, (AA, Hampshire,
UK) [14]. UK population data by LSOA for all ages (0 – ⩾90 years)
were downloaded from the UK Office of National Statistics census
website. Population estimates were derived for the following drive-
times from the study hospitals 20, 25, 30, 40 and 60minutes by
matching the LSOA population data with the drive-time data.

Results

In 2019, there were 82 GP practices in the BNSSG CCG. Figure 2
shows the proportion of patients that attended the study hospitals
in 2019 that were registered at GP practices in both the BNSSG
CCG as well as six other CCGs that, combined, represented

where >99% of patients hospitalised at study hospitals were regis-
tered. The majority of hospitalised patients (96%) were registered
at BNSSG CCG GP practices, with most of the remaining 4%
based in the surrounding CCGs.

Substantial variability existed by GP practice in the per cent of
all persons hospitalised for aLRTD who were hospitalised at a
study hospital with much less variability by age (Fig. 3) (based
on a representative sample of 10 anonymised GP practices within
the BNSSG CCG). Lower proportions were reported for GP prac-
tices that were located either close to the CCG boundary or close
to Weston hospital (a non-study hospital situated in the BNSSG
CCG). Full tables reporting these data for all GP practices located
in the BNSSG CCG for 2017, 2018, 2019 and the combined data
can be found in Appendix 2.

The degree to which the estimates from our methodology com-
pared to estimates produced by other methods varied, including
within specific age groups (Table 1 and Fig. 4). The total CCG popu-
lation (the sum of the population of all GP practices in the CCG)
overestimated the catchment population compared to our estimates
by 15% to 24%. By contrast, the population living within a 20minute
drive of the studyhospitals underestimated the catchmentpopulation
by 10% to 29%. As drive-time increased linearly, the estimated popu-
lation increased non-linearly such that the population based on a
60 minute drive-time overestimated the catchment population by
276% to 428%. The degree of underestimation or overestimation
from other methods did not vary substantially by age group.

The map in Fig. 5 shows the location of the study hospitals and
Weston General Hospital. The BNSSG CCG boundary is shown in

Fig. 1. South West England clinical commissioning groups map.
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Fig. 2. 2017–2019 study hospital admissions by clinical commissioning group of the patients’ GP practices.

Fig. 3. A bar chart showing the proportion of persons hospitalised for acute lower respiratory tract disease who were hospitalised at a study hospital, stratified by
individual anonymised general practice and patient age group.
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black and travel time boundaries are identified by colour to the study
hospitals based on the shortest travel time to either study hospital.

Discussion

Incidence studies based on counts of hospitalisations from one or
a few study hospitals are common, but there is no standard meth-
odology to define a health centre’s catchment population for the
purpose of accurately estimating incidence denominators.
Traditional geography-based approaches (such as defining a
population with a certain drive-time to a study health centre)
that rely on census data do not account for the nuanced ways
in which populations access healthcare and therefore are prone
to error. We devised a novel approach for establishing local popu-
lation estimates in England to support disease incidence studies
conducted at single or multiple hospital sites. This approach
was made possible because nearly everyone in England is regis-
tered with a GP and because of the comprehensive healthcare
data captured by NHS Digital [15]. Moreover, a strength of our
approach is that it is uses healthcare utilisation data to calculate
specific study hospital usage by GP centre and age group and
makes no assumptions about which health centres are used by a
population within a particular census area.

Depending on the precise method, the geography-based
approaches assessed in our study would have overestimated or
underestimated the true catchment population and thus either
underestimated or overestimated aLRTD incidence. At the
extreme, defining the catchment population as those people living
within a 60 minute drive from a study hospital would have over-
estimated the catchment population by 4-fold to 5-fold and thus
underestimated incidence to the same degree. At the other
extreme, a drive-time of 20 minutes would have underestimated
denominators by 20–25% and thus overestimated incidence.
Alternatively, the use of the entire CCG population would have
overestimated denominators by 15%. The differences between
geographically estimated denominators and our method are likely
to vary by location and thus, the specific results from our study
are illustrative of the principle and cannot be used to make con-
clusions about the relative accuracy of using an entire CCG popu-
lation or drive-time for other areas. For example, higher density
areas with a larger number of hospitals would decrease the accur-
acy of drive-time or CCG for defining the catchment area of any
particular hospital. This was illustrated in our study by demon-
strating that for some practices and age groups, less than 20%
of the practice population with an aLRTD hospitalisation pre-
sented to a study hospital. Since the only way to document the
distortion in catchment population estimate for any particular
health centres inherent in traditional estimates would be to first
employ the methods described here, we suggest a better approach
is simply to use our methods, or some similar approach, to define
incidence denominators.

Other issues must be considered when using our approach. For
example, the percentage of people with aLRTD hospitalisation
who were hospitalised in a study hospital was relatively stable
for older age groups and larger practices but varied substantially
for younger populations and smaller practices, predominantly
because of small absolute case counts for the latter groups. We
largely overcame this issue by combining data for multiple years
and creating larger age bands for younger populations. This
issue will be more problematic for rarer diseases, which may
require even larger age bands, greater numbers of study years,
or aggregating individual ICD-10 codes into a common outcome.Ta
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The AvonCAP study was designed primarily to inform deci-
sions on respiratory vaccine use among older adults, including
vaccines to prevent the pneumococcal, respiratory syncytial
virus, and SARS-CoV-2 infection. Policymakers, including vac-
cine technical committees, have consistently indicated that disease
burden is the number one factor in setting priorities for vaccines

[16, 17]. Disease incidence, and usually severe disease incidence
using hospitalisation as a proxy, is the cornerstone of disease bur-
den and usually is the key outcome driving cost-effectiveness
models. Cost-effectiveness values in turn are often used for policy
and pricing decisions. For example in England, a vaccine must be
below a threshold of £ 30 000 per Quality Adjusted Life Year

Fig. 4. Comparison of study hospital population size (⩾18yrs) by
methodology.

Fig. 5. Map showing travel time by car to study hospitals
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(QALY) saved to meet the criteria to be recommended for a
national immunisation programme [8]. Since disease incidence
underlies all these downstream measures, its accurate determin-
ation is critical for policy decisions. This requires a focus not
just on the accurate determination of case counts (that is, numera-
tors) but also the catchment population for the surveillance sys-
tem (that is, denominators).

Our approach has a few limitations. We could not account for
people who were not registered with a GP; although, nearly all
English residents are registered [10]. Our methodology also did
not include the 4% of people that use the study hospitals but
are registered with a GP practice outside of the CCG. However,
this will be largely addressed in Avon-CAP by excluding from
incidence calculations patients with a study outcome living out-
side the CCG. Our approach requires a new estimate to be calcu-
lated for each disease of interest because some conditions will be
disproportionately observed in some hospitals due to therapy area
specialism. As discussed above, our approach may not be suitable
for rare diseases or surveillance systems with small populations.
Lastly, our methodology is appropriate for the particular circum-
stances of England and remains so with the recent transition to
the ICS structure. The extent to which this approach can be gen-
eralised to other countries will need to be evaluated on a
case-by-case basis, but other areas where nearly all persons are
formally registered with a primary care provider could consider
its use.

We will use the described methodology to define denominators
for incidence calculations within the AvonCAP study, which in
turn should contribute to providing better data for informing deci-
sions related to adult respiratory vaccine use. A similar approach
could be used to refine previous estimates where these are being
used to inform respiratory disease vaccine decision making. A his-
torical study reporting disease incidence of hospitalised pneumonia
in England was conducted in Hull and the East Riding of Yorkshire
[5]. This study included 8 hospitals in the region and a geography-
based approach was used to define the denominator. Whilst an
effort was made to specifically exclude defined postcode areas
reflecting a geographic region unlikely to use the study hospitals
the accuracy of the denominator used in this study remains uncer-
tain. A more recent study published hospitalised CAP incidence
estimates from Nottingham, England and used a denominator
based on the entire population of the Greater Nottingham area,
but the market share of the two study hospitals used was not for-
mally defined [3, 18]. Since the Greater Nottingham area is sur-
rounded by other urban areas with hospitals that also treat CAP,
it is unclear how well Greater Nottingham census data matches
the hospital catchment population, and this could be formally eval-
uated by replicating our methodology. More generally, the method
we describe may be used for other disease incidence calculations
and for relatively common diseases could be extended to focus
on specific groups such as those with underlying comorbidities.
While the approach we describe takes considerably more human
and financial resources than using census data (through commis-
sioning a specialist vendor that holds an appropriate license to ana-
lyse the data), this cost is negligible compared to the inefficiencies
introduced when inaccurate disease incidence estimates are used as
a core basis for public health decision making.

Conclusion

Use of the entire CCG or drive-times does not account for the
nuanced ways that populations access healthcare and may

overestimate or underestimate denominators and distort incidence
estimates. Our data-driven method provides more accurate inci-
dence estimates and thus can improve public health decision-
making. Denominators for hospital-based incidence studies should
be based on healthcare usage rather than geographical boundaries.

Author contributions. JC, EB, AV, DH & GE contributed to the initial design
of the methodology. All authors contributed to the analysis, interpretation, and
discussion of the results. We would like to acknowledge the assistance of Qi Yan,
PhD (Pfizer, Inc.) who provided indispensable medical writing and literature
review support for this manuscript and Harvey Walsh, Open Health Group
who performed the denominator calculation. HES Data were re-used with the
permission of NHS Digital via Harvey Walsh, Open Health Group.

Conflict of interest. JC, EB, AV, JS, HM, BG & GE are employees of Pfizer
Vaccines and hold stock or stock options. DH is an employee of Harvey Walsh
Ltd. CH is the Principal Investigator of the Avon CAP study which is an
investigator-led University of Bristol study funded by Pfizer and has previously
received support from the NIHR in an Academic Clinical Fellowship. AF is a
member of the Joint Committee on Vaccination and Immunization (JCVI) and
chair of the World Health Organization European Technical Advisory Group
of Experts on Immunization (ETAGE) committee. In addition to receiving
funding from Pfizer as Chief Investigator of the Avon CAP study, he leads
another project investigating the transmission of respiratory bacteria in fam-
ilies jointly funded by Pfizer and the Gates Foundation.

Data availability statement. The data that support the findings of this
study are available from Harvey Walsh, Open Group. Restrictions apply to
the availability of these data, which were used under licence for this study.
Data are available from the authors with the permission of Harvey Walsh,
Open Group.

Disclosure. This study was conducted as a collaboration between the
University of Bristol, Pfizer and Open Health Group. Pfizer is the study sponsor.

References

1. Schuurman N et al. (2006) Defining rational hospital catchments for
non-urban areas based on travel-time. International Journal of Health
Geographics 5, 43.

2. Roderick P et al. (1999) What determines geographical variation in rates
of acceptance onto renal replacement therapy in England? Journal of
Health Services Research & Policy 4, 139–146.

3. Pick H et al. (2020) Pneumococcal serotype trends, surveillance and risk
factors in UK adult pneumonia, 2013–18. Thorax 75, 38–49.

4. Clarke JM, Barahona M and Darzi AW (2019) Defining hospital catch-
ment areas using multiscale community detection: a case study for
planned orthopaedic care in England. bioRxiv, 619692. https://doi.org/
10.1101/619692.

5. Elston JW et al. (2012) Increasing incidence of invasive pneumococcal
disease and pneumonia despite improved vaccination uptake: surveillance
in Hull and East Yorkshire, UK, 2002–2009. Epidemiology & Infection 140,
1252–1266.

6. Dealey C (2005) The factors that influence patients’ choice of hospital and
treatment. British Journal of Nursing 14, 576–579.

7. Anon (2021) NHS Clinical Commissioning Group (CCG) reorganisation
as of 1 April 2021. NHS Business Services Authority. In.

8. Joint Committee on Vaccination and Immunisation (2013) Code of
practice June 2013. https://assets.publishing.service.gov.uk/government/
uploads/system/uploads/attachment_data/file/224864/JCVI_Code_of_
Practice_revision_2013_-_final.pdf. In.

9. World Health Organization (2004) ICD-10: International Statistical
Classification of Diseases and Related Health Problems: Tenth Revision
in, 2nd Edn. Geneva: World Health Organization. https://apps.who.int/
iris/handle/10665/42980 (Accessed September 2021).

10. Baker C (2016) Population estimates & GP registers: why the difference?
https://commonslibrary.parliament.uk/population-estimates-gp-registers-
why-the-difference/#_ftn1. In.

Epidemiology and Infection 7

https://doi.org/10.1017/S0950268822000917 Published online by Cambridge University Press

135 of 261

https://doi.org/10.1101/619692
https://doi.org/10.1101/619692
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/224864/JCVI_Code_of_Practice_revision_2013_-_final.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/224864/JCVI_Code_of_Practice_revision_2013_-_final.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/224864/JCVI_Code_of_Practice_revision_2013_-_final.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/224864/JCVI_Code_of_Practice_revision_2013_-_final.pdf
https://apps.who.int/iris/handle/10665/42980
https://apps.who.int/iris/handle/10665/42980
https://apps.who.int/iris/handle/10665/42980
https://commonslibrary.parliament.uk/population-estimates-gp-registers-why-the-difference/#_ftn1
https://commonslibrary.parliament.uk/population-estimates-gp-registers-why-the-difference/#_ftn1
https://commonslibrary.parliament.uk/population-estimates-gp-registers-why-the-difference/#_ftn1
https://doi.org/10.1017/S0950268822000917


11. UK Government (2019) Petition; Allow students to register at two GPs.
https://petition.parliament.uk/archived/petitions/229573#:∼:text=It%20is
%20not%20possible%20for,risks%20in%20maintaining%20duplicate%
20records. In.

12. Personal Communication with BNSSG CCG (2020) Drive-time used for
healthcare utilisation planning. In.

13. The National Archives; Office for National Statistics (2016) Home >
Guidance and Methodology > Geography > A beginner’s guide to UK
geography > Census Geography > Super Output Area (SOA). https://
webarchive.nationalarchives.gov.uk/ukgwa/20160106001702/http://www.
ons.gov.uk/ons/guide-method/geography/beginner-s-guide/census/super-
output-areas--soas-/index.html. In.

14. The AA Route Planner. https://www.theaa.com/route-planner/traffic-
news/index.jsp. In.

15. NHS Digital (2021) https://digital.nhs.uk/data. In.
16. Munira SL and Fritzen SA (2007) What influences government adoption

of vaccines in developing countries? A policy process analysis. Social
Science & Medicine 65, 1751–1764.

17. Bryson M et al. (2010) A global look at national immunization technical
advisory groups. Vaccine 28, A13–A17.

18. Rodrigo C et al. (2015) Impact of infant 13-valent pneumococcal conju-
gate vaccine on serotypes in adult pneumonia. European Respiratory
Journal 45, 1632–1641.

Appendix 1: ICD-10 codes used for the analysis

Appendix 1

ICD-10 Code ICD-10 Description

I110 Hypertensive heart disease with (congestive) heart failure

I130 Hypertensive heart and renal disease with (congestive) heart failure

I132 Hypertensive heart and renal disease with both (congestive) heart failure and renal failure

I50 Heart failure

I500 Congestive heart failure

I501 Left ventricular failure

I509 Heart failure, unspecified

J09 Influenza due to identified avian influenza virus

J09X Influenza due to identified zoonotic or pandemic influenza virus

J10 Influenza due to identified seasonal influenza virus

J100 Influenza with pneumonia, seasonal influenza virus identified

J101 Influenza with other respiratory manifestations, seasonal influenza virus identified

J108 Influenza with other manifestations, seasonal influenza virus identified

J11 Influenza, virus not identified

J110 Influenza with pneumonia, virus not identified

J111 Influenza with other respiratory manifestations, virus not identified

J118 Influenza with other manifestations, virus not identified

J12 Viral pneumonia, not elsewhere classified

J120 Adenoviral pneumonia

J121 Respiratory syncytial virus pneumonia

J122 Parainfluenza virus pneumonia

J123 Human metapneumovirus pneumonia

J128 Other viral pneumonia

J129 Viral pneumonia, unspecified

J13 Pneumonia due to Streptococcus pneumoniae

J13X Pneumonia due to Streptococcus pneumoniae

J14 Pneumonia due to Haemophilus influenzae

J14X Pneumonia due to Haemophilus influenzae

J15 Bacterial pneumonia, not elsewhere classified

J150 Pneumonia due to Klebsiella pneumoniae

J151 Pneumonia due to Pseudomonas

(Continued )
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Appendix 1 (Continued.)

ICD-10 Code ICD-10 Description

J152 Pneumonia due to staphylococcus

J153 Pneumonia due to streptococcus, group B

J154 Pneumonia due to other streptococci

J155 Pneumonia due to Escherichia coli

J156 Pneumonia due to other Gram-negative bacteria

J157 Pneumonia due to Mycoplasma pneumoniae

J158 Other bacterial pneumonia

J159 Bacterial pneumonia, unspecified

J16 Pneumonia due to other infectious organisms, not elsewhere classified

J160 Chlamydial pneumonia

J168 Pneumonia due to other specified infectious organisms

J17 Pneumonia in diseases classified elsewhere

J170 Pneumonia in bacterial diseases classified elsewhere

J171 Pneumonia in viral diseases classified elsewhere

J172 Pneumonia in mycoses

J173 Pneumonia in parasitic diseases

J178 Pneumonia in other diseases classified elsewhere

J18 Pneumonia, organism unspecified

J180 Bronchopneumonia, unspecified

J181 Lobar pneumonia, unspecified

J182 Hypostatic pneumonia, unspecified

J188 Other pneumonia, organism unspecified

J189 Pneumonia, unspecified

J20 Acute bronchitis

J200 Acute bronchitis due to Mycoplasma pneumoniae

J201 Acute bronchitis due to Haemophilus influenzae

J202 Acute bronchitis due to streptococcus

J203 Acute bronchitis due to coxsackievirus

J204 Acute bronchitis due to parainfluenza virus

J205 Acute bronchitis due to respiratory syncytial virus

J206 Acute bronchitis due to rhinovirus

J207 Acute bronchitis due to echovirus

J208 Acute bronchitis due to other specified organisms

J209 Acute bronchitis, unspecified

J21 Acute bronchiolitis

J210 Acute bronchiolitis due to respiratory syncytial virus

J211 Acute bronchiolitis due to human metapneumovirus

J218 Acute bronchiolitis due to other specified organisms

J219 Acute bronchiolitis, unspecified

J22 Unspecified acute lower respiratory infection

J22X Unspecified acute lower respiratory infection

J40 Bronchitis, not specified as acute or chronic

J40X Bronchitis, not specified as acute or chronic

(Continued )
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Appendix 1 (Continued.)

ICD-10 Code ICD-10 Description

J41 Simple and mucopurulent chronic bronchitis

J410 Simple chronic bronchitis

J411 Mucopurulent chronic bronchitis

J418 Mixed simple and mucopurulent chronic bronchitis

J42 Unspecified chronic bronchitis

J42X Unspecified chronic bronchitis

J43 Emphysema

J430 MacLeod syndrome

J431 Panlobular emphysema

J432 Centrilobular emphysema

J438 Other emphysema

J439 Emphysema, unspecified

J44 Other chronic obstructive pulmonary disease

J440 Chronic obstructive pulmonary disease with acute lower respiratory infection

J441 Chronic obstructive pulmonary disease with acute exacerbation, unspecified

J448 Other specified chronic obstructive pulmonary disease

J449 Chronic obstructive pulmonary disease, unspecified

J45 Asthma

J450 Predominantly allergic asthma

J451 Nonallergic asthma

J458 Mixed asthma

J459 Asthma, unspecified

J46 Status asthmaticus

J46X Status asthmaticus

J47 Bronchiectasis

J47X Bronchiectasis

J85 Abscess of lung and mediastinum

J850 Gangrene and necrosis of lung

J851 Abscess of lung with pneumonia

J852 Abscess of lung without pneumonia

J853 Abscess of mediastinum

J86 Pyothorax

J860 Pyothorax with fistula

J869 Pyothorax without fistula

J90 Pleural effusion, not elsewhere classified

J90X Pleural effusion, not elsewhere classified

J91 Pleural effusion in conditions classified elsewhere

J91X Pleural effusion in conditions classified elsewhere

J95 Postprocedural respiratory disorders, not elsewhere classified

J950 Tracheostomy malfunction

J951 Acute pulmonary insufficiency following thoracic surgery

J952 Acute pulmonary insufficiency following nonthoracic surgery

J953 Chronic pulmonary insufficiency following surgery

(Continued )
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Appendix 1 (Continued.)

ICD-10 Code ICD-10 Description

J954 Mendelson syndrome

J955 Postprocedural subglottic stenosis

J958 Other postprocedural respiratory disorders

J959 Postprocedural respiratory disorder, unspecified

J96 Respiratory failure, not elsewhere classified

J960 Acute respiratory failure

J9600 Acute respiratory failure, Type I [hypoxic]

J9601 Acute respiratory failure, Type II [hypercapnic]

J9609 Acute respiratory failure, Type unspecified

J961 Chronic respiratory failure

J9610 Chronic respiratory failure, Type I [hypoxic]

J9611 Chronic respiratory failure, Type II [hypercapnic]

J9619 Chronic respiratory failure, Type unspecified

J969 Respiratory failure, unspecified

J9690 Respiratory failure, unspecified, Type I [hypoxic]

J9691 Respiratory failure, unspecified, Type II [hypercapnic]

J9699 Respiratory failure, unspecified, Type unspecified

J98 Other respiratory disorders

J980 Diseases of bronchus, not elsewhere classified

J981 Pulmonary collapse

J982 Interstitial emphysema

J983 Compensatory emphysema

J984 Other disorders of lung

J985 Diseases of mediastinum, not elsewhere classified

J986 Disorders of diaphragm

J988 Other specified respiratory disorders

J989 Respiratory disorder, unspecified

J99 Respiratory disorders in diseases classified elsewhere

J990 Rheumatoid lung disease

J991 Respiratory disorders in other diffuse connective tissue disorders

J998 Respiratory disorders in other diseases classified elsewhere
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Appendix 2

Total practice population by age 18 to 34 35–49 50–64 65–74 75–84 ⩾85

18–34
35–
49

50–
64

65–
74

75–
84 85+ Practice name Proportion Population Proportion Population Proportion Population Proportion Population Proportion Population Proportion Population

2638 2216 2498 1497 997 481 Practice 1 19% 507 10% 216 15% 375 18% 276 17% 169 9% 46

3254 3063 2342 1043 773 315 Practice 2 100% 3254 93% 2839 100% 2342 100% 1043 100% 773 100% 315

979 1176 1132 482 362 161 Practice 3 100% 979 100% 1176 100% 1132 100% 482 100% 362 100% 161

3899 2965 1874 728 377 134 Practice 4 97% 3796 98% 2891 97% 1825 98% 717 100% 377 100% 134

2714 2507 2030 894 469 234 Practice 5 100% 2714 94% 2364 100% 2030 100% 894 100% 469 99% 231

2383 1914 1262 558 302 133 Practice 6 100% 2383 100% 1914 100% 1262 100% 558 97% 294 100% 133

1488 743 267 38 8 5 Practice 7 100% 1488 89% 660 89% 239 100% 38 100% 8 100% 5

4487 4894 2750 721 348 109 Practice 8 88% 3949 97% 4750 100% 2750 100% 721 96% 335 100% 109

11 794 9416 5370 2301 1451 615 Practice 9 90% 10 565 100% 9416 100% 5370 100% 2301 98% 1429 100% 615

7402 2155 597 142 44 14 Practice 10 88% 6548 97% 2091 100% 597 100% 142 100% 44 100% 14

2731 2160 2474 1017 580 203 Practice 11 89% 2428 88% 1906 77% 1895 88% 894 80% 466 75% 152

4707 4042 2873 717 457 185 Practice 12 95% 4459 100% 4042 99% 2850 100% 717 100% 457 100% 185

767 716 945 452 307 199 Practice 13 60% 460 42% 298 28% 260 19% 87 11% 33 17% 33

2816 2960 3384 2044 1301 676 Practice 14 71% 2011 83% 2445 86% 2914 68% 1389 63% 826 59% 398

1459 1255 1682 833 428 142 Practice 15 62% 898 79% 986 83% 1395 67% 555 68% 292 62% 88

3400 3203 2811 1363 699 219 Practice 16 94% 3188 100% 3203 99% 2780 96% 1303 99% 692 98% 215

2462 2112 1838 774 609 244 Practice 17 100% 2462 100% 2112 100% 1838 100% 774 100% 609 99% 241

2967 2781 2872 1544 1024 371 Practice 18 97% 2882 100% 2781 99% 2832 99% 1528 99% 1018 100% 371

3148 2796 1415 395 253 96 Practice 19 100% 3148 97% 2718 100% 1415 100% 395 100% 253 100% 96

2578 2921 1939 666 356 139 Practice 20 100% 2578 87% 2532 91% 1768 100% 666 98% 349 98% 136

1611 2108 2100 1136 684 481 Practice 21 100% 1611 92% 1932 100% 2100 100% 1136 100% 684 100% 481

5815 5152 3864 1720 1009 372 Practice 22 93% 5409 100% 5152 95% 3682 100% 1720 99% 1002 100% 372

3097 2930 2396 1240 668 323 Practice 23 96% 2962 93% 2735 100% 2396 100% 1240 100% 668 100% 323

2522 2610 3103 1638 1323 497 Practice 24 91% 2303 100% 2610 99% 3070 98% 1604 100% 1323 99% 493

4476 4634 3087 1322 613 290 Practice 25 95% 4263 100% 4634 97% 3004 100% 1322 100% 613 99% 286

1887 1719 1796 973 615 368 Practice 26 25% 472 26% 442 18% 331 19% 188 15% 91 12% 45

2714 2193 1942 761 467 243 Practice 27 100% 2714 100% 2193 95% 1847 100% 761 100% 467 99% 240

2057 1907 1406 689 483 227 Practice 28 100% 2057 97% 1841 100% 1406 100% 689 100% 483 100% 227

4204 4278 4354 2423 1668 755 Practice 29 79% 3303 89% 3792 88% 3825 86% 2077 83% 1389 75% 564

1657 2538 1881 825 499 188 Practice 30 100% 1657 94% 2397 94% 1763 100% 825 103% 514 100% 188

Appendix 2: Anonymised GP Practice Data

GP Practice names are anonymised and presented as Practice 1, Practice 2 etc…

12
Jam

es
Cam

pling
et

al.

https://doi.org/10.1017/S0950268822000917 Published online by Cam
bridge U

niversity Press

140 of 261

https://doi.org/10.1017/S0950268822000917


1871 1348 1322 516 342 163 Practice 31 95% 1782 100% 1348 100% 1322 100% 516 99% 338 100% 163

838 1193 921 435 176 80 Practice 32 100% 838 100% 1193 100% 921 92% 402 100% 176 100% 80

1124 1212 1437 846 658 222 Practice 33 100% 1124 88% 1061 98% 1401 100% 846 100% 658 100% 222

1779 1156 1176 353 250 98 Practice 34 100% 1779 100% 1156 100% 1176 100% 353 100% 250 100% 98

5366 3798 2498 1175 667 249 Practice 35 97% 5187 100% 3798 100% 2498 100% 1175 99% 662 100% 249

1467 1112 854 354 172 41 Practice 36 44% 652 37% 412 26% 219 36% 126 22% 38 35% 14

2625 1978 2690 1164 602 200 Practice 37 94% 2475 94% 1868 96% 2590 100% 1164 95% 573 100% 200

3148 2360 2127 1150 790 413 Practice 38 98% 3075 91% 2145 100% 2127 100% 1150 100% 790 96% 397

2447 2243 1376 534 434 183 Practice 39 100% 2447 98% 2206 100% 1376 100% 534 100% 434 100% 183

1776 1927 1934 1163 795 374 Practice 40 90% 1607 100% 1927 100% 1934 100% 1163 99% 788 99% 371

1397 1527 1495 946 678 244 Practice 41 13% 175 17% 254 22% 332 21% 203 16% 106 13% 32

1516 1419 627 213 144 81 Practice 42 89% 1348 100% 1419 100% 627 100% 213 100% 144 100% 81

7943 8350 9129 5466 3173 1211 Practice 43 33% 2581 34% 2860 34% 3111 34% 1862 39% 1242 21% 259

2183 1527 1006 445 259 154 Practice 44 93% 2027 100% 1527 97% 974 100% 445 100% 259 100% 154

7909 5507 2884 848 329 110 Practice 45 100% 7909 94% 5163 99% 2852 100% 848 100% 329 100% 110

3642 3841 2733 1248 663 242 Practice 46 87% 3167 94% 3628 100% 2733 100% 1248 100% 663 100% 242

1116 490 171 23 7 4 Practice 47 100% 1116 94% 459 100% 171 100% 23 100% 7 100% 4

2591 2526 2253 1088 791 338 Practice 48 93% 2412 97% 2452 95% 2140 100% 1088 100% 791 100% 338

5580 3486 2631 1245 599 232 Practice 49 88% 4883 88% 3084 100% 2631 100% 1245 100% 599 100% 232

863 826 981 504 283 117 Practice 50 100% 863 88% 723 100% 981 100% 504 98% 277 100% 117

5097 4548 3372 1671 863 432 Practice 51 94% 4803 97% 4428 100% 3372 100% 1671 100% 863 99% 430

2945 3684 3650 2554 1681 661 Practice 52 95% 2798 100% 3684 90% 3285 99% 2537 97% 1636 98% 645

2287 2483 2120 1066 654 274 Practice 53 92% 2096 96% 2391 96% 2044 100% 1066 100% 654 100% 274

1396 1437 1239 750 518 311 Practice 54 100% 1396 100% 1437 100% 1239 96% 723 100% 518 100% 311

2637 2211 2004 1014 567 262 Practice 55 100% 2637 100% 2211 100% 2004 100% 1014 99% 562 100% 262

2719 2173 1740 892 583 303 Practice 56 97% 2634 98% 2126 99% 1719 100% 892 100% 583 98% 298

1453 1486 1608 871 724 298 Practice 57 90% 1308 92% 1362 82% 1319 100% 871 95% 690 100% 298

2425 2671 1992 905 473 181 Practice 58 26% 633 26% 683 22% 433 17% 156 13% 60 13% 24

2161 1848 1856 999 808 295 Practice 59 94% 2026 100% 1848 100% 1856 99% 986 100% 808 100% 295

3953 3462 2943 1224 772 387 Practice 60 97% 3829 98% 3393 100% 2943 100% 1224 100% 772 100% 387

1006 928 1086 675 396 182 Practice 61 83% 838 100% 928 100% 1086 100% 675 94% 374 100% 182

18 188 188 11 1 1 0 Practice 62 83% 15 099 100% 188 100% 11 0% 0 0% 0 0% 0

3551 3011 3333 1811 1129 459 Practice 63 98% 3468 100% 3011 100% 3333 99% 1798 100% 1129 99% 456

2837 2784 3126 1900 1241 552 Practice 64 36% 1032 19% 539 22% 687 21% 403 18% 222 10% 58

1642 1473 1051 397 204 69 Practice 65 100% 1642 100% 1473 100% 1051 100% 397 100% 204 100% 69

5289 5309 4780 2495 1795 915 Practice 66 100% 5289 98% 5225 99% 4739 100% 2495 100% 1795 100% 911

(Continued )
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Appendix 2 (Continued.)

Total practice population by age 18 to 34 35–49 50–64 65–74 75–84 ⩾85

18–34
35–
49

50–
64

65–
74

75–
84 85+ Practice name Proportion Population Proportion Population Proportion Population Proportion Population Proportion Population Proportion Population

5525 3868 2392 1084 560 230 Practice 67 88% 4834 95% 3684 100% 2392 100% 1084 98% 549 100% 230

2016 1629 1585 775 515 271 Practice 68 100% 2016 95% 1548 93% 1482 100% 775 100% 515 100% 271

1626 1393 1124 424 243 83 Practice 69 100% 1626 98% 1359 100% 1124 100% 424 100% 243 100% 83

1580 1622 1934 1178 775 368 Practice 70 25% 395 17% 270 24% 470 24% 288 11% 85 11% 41

16 118 2141 1564 708 532 298 Practice 71 92% 14 846 100% 2141 97% 1513 100% 708 99% 527 100% 298

2859 2514 1149 423 245 93 Practice 72 95% 2709 100% 2514 100% 1149 100% 423 100% 245 100% 93

1346 1372 1749 1341 884 315 Practice 73 100% 1346 100% 1372 100% 1749 100% 1341 100% 884 99% 311

1650 1600 2227 1147 741 282 Practice 74 41% 679 29% 457 40% 901 27% 307 26% 195 32% 91

1927 1938 2202 1362 893 413 Practice 75 19% 367 4% 78 16% 351 22% 303 17% 153 16% 65

4840 6245 6856 4225 2815 1241 Practice 76 94% 4571 98% 6106 98% 6722 97% 4114 96% 2706 94% 1168

635 552 683 355 240 73 Practice 77 60% 381 100% 552 100% 683 100% 355 100% 240 100% 73

2522 2421 1404 533 308 105 Practice 78 90% 2270 93% 2254 97% 1360 98% 522 100% 308 100% 105

2697 2479 2657 1464 1251 352 Practice 79 100% 2697 100% 2479 100% 2657 100% 1464 100% 1251 99% 349

1579 2622 1866 1107 669 383 Practice 80 100% 1579 100% 2622 100% 1866 100% 1107 100% 669 99% 379

4892 3973 3126 1641 738 252 Practice 81 82% 4003 94% 3752 93% 2913 98% 1609 100% 738 100% 252

1401 1613 2012 1371 916 423 Practice 82 43% 600 25% 403 26% 519 26% 363 22% 200 18% 77

268
093

211
568

178
970

89
015

55
720

23
938

18–34 231 342 35–49 184 269 50–64 152 380 65–74 74 245 75–84 45 989 ⩾85 19 229

⩾65 139 463
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ABSTRACT
Objectives To determine the disease burden of acute 
lower respiratory tract disease (aLRTD) and its subsets 
(pneumonia, lower respiratory tract infection (LRTI) and 
heart failure) in hospitalised adults in Bristol, UK.
Setting Single- centre, secondary care hospital, Bristol, 
UK.
Design We estimated aLRTD hospitalisations incidence 
in adults (≥18 years) in Bristol, UK, using two approaches. 
First, retrospective International Classification of Diseases 
10th revision (ICD- 10) code analysis (first five positions/
hospitalisation) identified aLRTD events over a 12- month 
period (March 2018 to February 2019). Second, during 
a 21- day prospective review (19 August 2019 to 9 
September 2019), aLRTD admissions were identified, 
categorised by diagnosis and subsequently annualised. 
Hospital catchment denominators were calculated using 
linked general practice and hospitalisation data, with each 
practice’s denominator contribution calculated based 
on practice population and per cent of the practices’ 
hospitalisations admitted to the study hospital.
Participants Prospective review: 1322 adults screened; 
410 identified with aLRTD. Retrospective review: 7727 
adult admissions.
Primary and secondary outcome measures The 
incidence of aLRTD and its subsets in the adult population 
of Southmead Hospital, Bristol UK.
Results Based on ICD- 10 code analysis, annual 
incidences per 100 000 population were: aLRTD, 1901; 
pneumonia, 591; LRTI, 739; heart failure, 402. aLRTD 
incidence was highest among those ≥65 years: 65–74 
(3684 per 100 000 adults), 75–84 (6962 per 100 000 
adults) and ≥85 (11 430 per 100 000 adults). During the 
prospective review, 410/1322 (31%) hospitalised adults 
had aLRTD signs/symptoms and annualised incidences 
closely replicated retrospective analysis results.
Conclusions The aLRTD disease burden was high, 
increasing sharply with age. The aLRTD incidence is 
probably higher than estimated previously due to criteria 
specifying respiratory- specific symptoms or radiological 

change, usage of only the first diagnosis code and 
mismatch between case count sources and population 
denominators. This may have significant consequences for 
healthcare planning, including usage of current and future 
vaccinations against respiratory infection.

INTRODUCTION
Acute lower respiratory tract disease 
(aLRTD) encompasses pneumonia, non- 
pneumonic lower respiratory tract infection 
(NP- LRTI), acute bronchitis, exacerbation 
of underlying respiratory diseases (including 
asthma and chronic obstructive pulmo-
nary disease (COPD)) and acute heart 
failure (HF) events resulting in respira-
tory symptoms (eg, breathlessness). Before 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ We used two analytical methods at the same site 
over a comparable period, to calculate incidence us-
ing both prospective and retrospective approaches.

 ⇒ The case burden of acute lower respiratory tract dis-
ease (aLRTD) and its subgroups was predefined and 
included patients with atypical presentations.

 ⇒ We calculated incidence using a denominator de-
rived from general practitioner records, providing 
increased accuracy compared with population cal-
culations based on census data.

 ⇒ This was a single- centre study, with a predominant-
ly Caucasian cohort; therefore, the findings might 
not be generalisable to other populations.

 ⇒ The International Classification of Diseases 10th 
revision coding data analysis was limited to codes 
within the first five positions, and therefore may 
have excluded some cases where other diagno-
ses were placed higher in the diagnostic coding 
hierarchy.  on N
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the COVID- 19 pandemic, European healthcare costs 
for pneumonia alone in adults were estimated at €10 
billion annually, including €5.7 billion for inpatient 
care.1 Pneumonia incidence in Europe varies by country 
and intracountry region, age, socioeconomic status and 
gender2–4; however, in all studies pneumonia incidence 
in adults increases sharply with age.3 Pneumonia affects 
an estimated 0.5%–1% of UK adults each year.5 6 Overall 
LRTI incidence is considerably higher with ~15% of UK 
adults aged ≥65 years experiencing an event each year.7 
While HF is not typically clinically included as an acute 
respiratory illness, HF with respiratory symptoms may be 
caused by respiratory viral infection, such as respiratory 
syncytial virus (RSV), either acutely or 3–4 weeks after 
the primary infection.8 9

However, aLRTD incidence may be considerably higher 
than previously reported, given that published literature 
has documented several reasons why previous estimates 
may have been erroneously low.1 Estimates of aLRTD 
based on pneumonia defined as radiologically demon-
strated alveolar infiltrates, may underestimate true disease 
burden as chest radiography (CXR) is an imperfect gold- 
standard.10 11 Immunosuppressed, elderly or dehydrated 
patients are likely to be under- represented if respira-
tory infection is defined by radiologically demonstrated 
changes.10 11 Microbiological investigations for pneu-
monia are undertaken variably and identify a causative 
pathogen in 50% of cases at most12 13; hence, the disease 
is probably under- reported when confirmed microbio-
logical diagnosis is required. Furthermore, RSV infection 
has recently been recognised as an important respira-
tory pathogen later in life,9 with severe disease occurring 
in patient groups in whom the diagnosis is likely to be 
under- recognised (eg, the elderly or those with under-
lying cardiac conditions).8 Studies of clinical coding data 
are retrospective and subject to recognised limitations 
associated with this methodology.14 15 Older patients 
with pneumonia often have atypical presenting signs 
and symptoms, which may lead to missed or incorrect 
admission diagnoses.16 Pneumonia may occur secondary 
to, or be an underlying cause of, the main presenting 
report, particularly in patients with cerebrovascular acci-
dents, HF, COPD exacerbations or altered consciousness 
levels.17 In these scenarios, pneumonia may not be the 
primary hospitalisation diagnosis code and may not even 
be coded as an associated diagnosis.

There are many studies examining the incidence of 
acute respiratory illness in children; however, data on 
respiratory illness in adults in the UK is lacking. Given 
the paucity of data supporting accurate aLRTD incidence 
rates and its disease subsets in adults, we undertook to 
assess aLRTD incidence by two approaches (retrospective 
and prospective) in Bristol, UK, seeking to determine the 
disease burden of hospitalised aLRTD and its subgroups 
more accurately.

METHODS
Study design
This study was conducted at a large secondary care institu-
tion in UK (North Bristol NHS Trust) with specialist respi-
ratory services (interstitial lung disease, pleural disease). 
Two approaches were undertaken to estimate aLRTD inci-
dence: (1) ‘retrospective analysis’ of aLRTD International 
Classification of Diseases 10th revision (ICD- 10) diag-
nostic codes for an entire year; and, (2) 21- day observa-
tional ‘prospective review’ of aLRTD hospital admissions.

Patient and public involvement
No patient involved.

Retrospective analysis
For the retrospective analysis, all adult inpatient admis-
sions (≥18 years) obtained from Hospital Episode Statistic 
to the study hospital during March 2018 to February 2019 
with aLRTD ICD- 10 diagnostic codes (online supple-
mental data 1) in any of the first five positions were identi-
fied and categorised into aLRTD subgroups: pneumonia, 
NP- LRTI, other lower respiratory tract disease (LRTD) 
and HF (online supplemental data 2). A mutually exclu-
sive hierarchy was used (pneumonia, NP- LRTI, then other 
LRTD) although HF diagnoses could co- occur with other 
categories. ‘Other LRTD’ included acute respiratory 
events that could not definitively be placed in another 
category. Only the first five ICD- 10 codes were available 
for analysis.

Prospective review
Adult patients (≥18 years) resident within Bristol, North 
Somerset and South Gloucestershire Clinical Commis-
sioning Group (CCG) referred to the acute medical unit 
(AMU) at North Bristol NHS Trust during 19 August 2019 
to 9 September 2019 were included in an audit on acute 
respiratory illness. This time period was selected because it 
was felt to represent a period when there were an average 
number of adults hospitalised with aLRTD. A respiratory 
physician (CH) reviewed presenting features and inves-
tigation results for each admitted patient to determine 
whether aLRTD was present. Further medical record 
review was undertaken if patients had: new/worsening 
breathlessness, cough or sputum production; new or 
worsening peripheral oedema; pleurisy; clinical examina-
tion findings consistent with respiratory infection or HF; 
or, fever attributable to suspected respiratory infection. 
Patients with non- respiratory diagnoses were excluded. 
There were no patient refusals for either approach.

Prospective Review Outcome measures
aLRTD was considered confirmed in individuals with: 

new/worsening respiratory symptoms, with or without 
fever; sepsis, delirium or raised inflammatory markers 
attributable to likely respiratory infection in admitting 
clinical team’s opinion; radiological change in keeping 
with infection (eg, consolidation); and/or final diagnosis 
of NP- LRTI, pneumonia or infective exacerbation of a 
chronic respiratory condition. A pneumonia diagnosis 
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was assigned if radiological changes likely due to infec-
tion were described by the reporting radiologist. An 
NP- LRTI diagnosis was assigned if aLRTD signs and symp-
toms likely to be due to infection were present without 
demonstrated radiological change. An HF diagnosis was 
assigned in presence of: new/worsening breathlessness 
and bi- basal crepitations, cardiac wheeze or new/wors-
ening bilateral pitting oedema; elevated pro- NT BNP 
(N- terminal pro B- type natriuretic peptide) (≥450 pg/
mL); radiologist- reported radiographic changes consis-
tent with cardiac failure; or a final consultant physician 
diagnosis of HF, cardiac failure or left- ventricular failure. 
When present, ≥1 diagnosis was selected.

For both retrospective and prospective studies, pneu-
monia included both community and healthcare setting 
acquired cases; although, the prospective review only 
captured admitting diagnoses and pneumonias occurring 
later during hospitalisation were not included.

Incidence calculations
Annual incidence per 100 000 persons was calculated for 
both retrospective and prospective studies. Case counts 
from prospective review were annualised (ie, case counts 
by diagnosis and overall were divided by the percentage 
of annual admissions for these diagnosis groups that 
occurred in this 21- day period in the retrospective 
analysis).

Incidence denominators
To calculate appropriate population denominators for 
incidence calculations, aLRTD hospital admission event 
data were linked to aggregated general practitioner 
(GP) practice patient registration data within the NHS 
Bristol, North Somerset and South Gloucestershire CCG 
for 2017–2019. Only 4% of patients sought care at North 
Bristol NHS Trust hospital from outside these local CCGs, 

despite presence of specialist respiratory services. In the 
UK, GP registration is available free of charge for all, 
regardless of residential status. For GP practices within 
these same CCGs, the proportion of their aLRTD admis-
sions occurring at North Bristol NHS Trust was multiplied 
by their patient registration count in 2019 by age group, 
to get each practice’s contribution to the denominator 
(eg, if 50% aLRTD admissions were at North Bristol 
among persons 50–64 years, the practice would contribute 
half of their patients 50–64 years to the denominator). 
Further details of this methodology have been described 
previously.18

Statistical analysis
Patient characteristics were tabulated by aLRTD diag-
nosis. Categorical variables were presented as counts with 
percentages. Continuous data are presented with means 
and SD if normally distributed and medians and IQR if 
not normally distributed. Patient groups difference were 
evaluated using the Friedman test with Wilcoxon signed- 
rank test.

RESULTS
Retrospective analysis
Over a 12- month period, we identified 7727 hospital 
admissions for aLRTD: 3005 NP- LRTI admissions, 2402 
pneumonia, 1633 HF and 1071 other LRTD (table 1). The 
aLRTD admissions were lowest in March and April and 
highest December through February (figure 1A), overall 
and for all aLRTD subgroups (p<0.05) (figure 1B–D). 
Overall, 28.1% (2244) cases were identified as being 
potentially hospital- acquired infection based on co- occur-
ring ICD- 10 code ‘Y95 Nosocomial Infection’.

Table 1 Demographic characteristics of patients admitted with acute lower respiratory tract disease for 1- year International 
Classification of Diseases 10th revision code retrospective analysis and 21- day prospective review period—2018–2019

Characteristic Pneumonia NP- LRTI Heart failure Other LRTD All LRTD

Study Prospective 
review

Retrospective 
analysis

Prospective 
review

Retrospective 
analysis

Prospective 
review

Retrospective 
analysis

Retrospective 
review only

Prospective 
review

Retrospective 
analysis

N 152 2402 188 3005 77 1633 1071 410 7727

Gender, females 61 (40) 1078 (45) 99 (53) 1482 (49) 39 (51) 731 (45) 489 (46) 194 (47) 3780 (49)

Age

  Median (IQR), 
years

80 (67–86) 81 (66–88) 70 (46–87) 69 (45–87) 87 (72–90) 87 (70–90) 74 (53–82) 80 (64–88) 81 (65–90)

  18–24 4 (3) 72 (3) 9 (5) 151 (5) 0 (0) 0 (0) 26 (2) 13 (3) 249 (3)

  25–34 2 (2) 48 (2) 12 (6) 183 (6) 0 (0) 3 (0) 33 (3) 14 (3) 267 (3)

  35–44 6 (4) 97 (4) 14 (7) 209 (7) 2 (3) 10 (1) 59 (6) 22 (5) 375 (5)

  45–54 8 (5) 118 (5) 11 (6) 183 (6) 0 (0) 22 (1) 112 (10) 19 (5) 435 (6)

  55–64 18 (12) 293 (12) 19 (10) 305 (10) 8 (10) 158 (10) 210 (20) 45 (11) 966 (13)

  65–74 34 (22) 501 (21) 32 (17) 549 (18) 10 (15) 199 (12) 223 (21) 75 (18) 1472 (19)

  75–84 44 (28) 667 (28) 40 (21) 621 (21) 20 (30) 498 (31) 205 (19) 100 (24) 1991 (26)

  ≥85 38 (26) 606 (25) 51 (27) 704 (23) 37 (55) 742 (45) 203 (19) 123 (30) 2255 (29)

LRTD, lower respiratory tract disease ; NP- LRTI, non- pneumonic lower respiratory tract infection .
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Prospective review
Among 1322 eligible adult patients referred to AMU over 
the 21- day review period (figure 2), 410 patients had signs 
or symptoms of aLRTD: 188 (46%) NP- LRTI, 152 (37%) 
pneumonia and 77 (19%) HF. Seven patients had both 
decompensated HF and a respiratory infection at hospital 
admission. On admission, >10% of patients with aLRTD 
did not have respiratory symptoms: 16 (11%) pneumonia, 
25 (13%) NP- LRTI and 18 (14%) HF (table 2).

Almost all adults admitted with aLRTD underwent 
routine biochemistry, haematology and radiological 
investigation (99.9%, n=409). In contrast, only 150 
(37%) patients with aLRTD had microbiological testing 
performed: blood cultures (n=149, 36%) and urine 
cultures (n=143, 35%). Pneumonia patients more 
commonly underwent microbiological investigation than 
patients with NP- LRTI (p<0.05) with highest disparity in 
rates of sputum culture, urinary antigens and respiratory 
viral PCR (table 2). All patients with cardiac failure who 
underwent microbiological investigation had concomi-
tant respiratory infection (table 2). Overall, a microbio-
logical diagnosis was found in 11 (3%) cases, highlighting 

the low frequency of definitive pathogen identification 
in aLRTD. Younger patients underwent microbiological 
testing more frequently than the elderly for all aLRTD 
categories (table 2).

Disease incidence
Retrospective analysis yielded an overall aLRTD incidence 
of 1901 per 100 000. Disease incidence rose with increasing 
age (table 3), both overall and for all disease subgroups; 
incidences per 100 000 among adults aged ≥85 years were: 
11 430 (aLRTD), 6116 (NP- LRTI), 4215 (pneumonia) 
and 4005 (HF). Overall, 28.1% aLRTD hospitalisations 
also included an ICD- 10 discharge code for ‘nosocomial 
infection’, suggesting the aLRTD event or other infection 
was hospital- acquired. For pneumonia 25.3% had the 
nosocomial infection code. If all of these were related 
to the pneumonia diagnosis, an estimated residual 1794 
events would have been community- acquired pneumonia 
(CAP) (annual incidence 441/100 000 adults). Among 
older age categories, where the incidence of aLRTD was 
highest, NP- LRTI incidence was similar to pneumonia 
incidence, with an approximate 1:1 ratio of NP- LRTI to 
pneumonia cases. However, among adults under age 50 
years, there were approximately twice as many NP- LRTI 
cases observed as pneumonia cases. Incidence calcula-
tions using annualised prospective review results were 
broadly comparable with retrospective analysis of ICD- 10 
data (table 3).

DISCUSSION
This is the first UK study to assess aLRTD incidence 
comprehensively. We conducted an analysis of 12 months 
of hospital admissions by ICD- 10 diagnosis code data and 
a 21- day prospective review at a large academic hospital 
in South West England. With both approaches, we found 

Figure 1 The aLRTD admissions identified by retrospective 
International Classification of Diseases 10th revision (ICD- 
10) diagnostic code analysis at North Bristol National Health 
Service Trust—UK 2018–2019. Monthly number of patients 
admitted, based on ICD- 10 coding analysis, with (A) all 
acute lower respiratory tract disease (aLRTD) (black bars), 
(B) pneumonia (slashed bars), (C) non- pneumonic lower 
respiratory tract infection (NP- LRTI) (white bars), (D) other 
LRTD (cross- hash bars) and (E) heart failure (grey bars).

Figure 2 Flow diagram of the prospective review. AMU, 
acute medical unit; HF, heart failure; LRTD, lower respiratory 
tract disease; NP- LRTI, non- pneumonic lower respiratory 
tract infection.
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a high annual incidence of aLRTD (>1700 per 100 000; 
1.7%), pneumonia (~0.6%), NP- LRTI without pneu-
monia (>0.7%) and HF (>0.4%). Incidences increased 
sharply in a non- linear manner as age increased above 65 
years for all aLRTD categories. These results suggest rates 
are probably significantly higher than previous disease 
estimates from the UK (table 4) but comparable with 

many results globally,19 20 with important consequences 
for healthcare resources. For example, a recent review 
highlighted that pneumonia incidences ranged from 
1000 to 2500 per 100 000 (1%–2.5%) among persons 
aged 65–74 years in Spain, Germany, France, Japan and 
the USA, which are comparable to the >1250 per 100 000 
(1.3%) reported here. Some of the potential sources of 

Table 2 Clinical characteristics and investigations of patients admitted with acute lower respiratory tract disease over 21- day 
prospective review period in August to September 2020

Characteristic Pneumonia, n=152 (%) NP- LRTI, n=188 (%) Heart failure, n=77 (%) All LRTD, n=410 (%)

GP 56 (37) 72 (39) 30 (39) 158 (39)

A&E department 93 (61) 100 (54) 45 (58) 238 (58)

Transfer from another unit 2 (1) 13 (7) 0 (0) 15 (4)

Other 1 (1) 1 (1) 2 (3) 4 (1)

Referral source

  Typical features* 136 (89) 163 (87) 63 (82) 355 (87)

  Atypical features 16 (11) 25 (13) 14 (18) 55 (13)

   Collapse/falls 11 (7) 12 (6) 0 (0) 23 (6)

   Confusion 0 (0) 7 (4) 4 (5) 10 (2)

   Drowsiness 1 (1) 1 (1) 2 (3) 4 (1)

   Off legs/generally unwell 5 (3) 5 (3) 8 (10) 18 (4)

LRTD signs and symptoms on referral to AMU

  Biochemistry 152 (100) 185 (99) 77 (100) 419 (100)

  Haematology 152 (100) 185 (99) 77 (100) 419 (100)

  Radiology 152 (100) 185 (99) 77 (100) 419 (100)

Investigations performed

  Testing by age group

   All patients 79/152 (52)† 77/188 (41) 11/77 (14) 167 (41)

   18–24 3/4 (75) 6/9 (66) 0/0 (0) 9/13 (69)

   25–34 0/0 (0) 6/12 (50) 0/0 (0) 6/12 (50)

   35–44 5/6 (83) 10/14 (71) 2/2 (100) 17/22 (77)

   45–54 6/8 (75) 6/11 (55) 0/0 (0) 13/19 (68)

   55–64 11/18 (61) 12/19 (63) 5/8 (63) 31/45 (69)

   65–74 15/34 (44) 12/32 (38) 1/10 (10) 28/75 (37)

   75–84 21/43 (49) 10/40 (25) 2/20 (10) 33/100 (33)

   ≥85 18/39 (46) 15/51 (19) 1/37 (3) 34/124 (27)

Test performed

  Blood culture 79 (52) 70 (37) 5 (6) 150 (37)

  Urine culture 66 (43) 77 (41) 11 (14) 150 (37)

  Sputum culture 27 (18)† 7 (4) 2 (3) 35 (9)

  BinaxNOW Pn UAT 29 (19)† 6 (3) 0 (0) 35 (9)

  Respiratory virus PCR 16 (11)† 11 (6) 1 (1) 28 (7)

  Pleural fluid culture 3 (2) 0 (0) 1 (1) 4 (1)

*Typical symptoms included cough, breathlessness, increased or discoloured sputum production, wheeze, pleurisy, peripheral oedema, 
haemoptysis, reduced exercise tolerance and/or fever.
†Ρ<0.05.
‡BinaxNOW Pn UAT was only performed in accordance with NICE/BTS guidelines.
A&E, accident and emergency department; AMU, acute medical unit; BTS, British Thoracic Society; GP, general practitioner; LRTD, 
lower respiratory tract disease; NICE, National Institute for Health and Care Excellence; NP- LRTI, non- pneumonic lower respiratory tract 
infection; Pn UAT, pneumococcal urinary antigen test.
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underestimation for other UK incidence studies (table 4) 
include: case source and denominator mismatch; use 
of first position in ICD- code analysis only; inclusion of 
enrolled subjects in consent- based prospective studies 
only; requiring specific symptoms and chest X- ray confir-
mation in order to be classified as pneumonia/aLRTD; 
and, lastly, the rising incidence of aLRTD.

Comparison with published literature
No studies have reported aLRTD incidence compre-
hensively in UK hospitalised patients within the last 20 
years. However, eight publications report incidence of ≥1 
aLRTD subgroup. Seven publications reported CAP inci-
dence (three from Nottingham, UK). For pneumonia, 
our incidence estimates were three to fourfold higher 

than other UK inpatient incidence estimates (table 4) 
but comparable to estimates from other countries.19 20 
Only two UK studies from approximately 20 years ago 
reported NP- LRTI incidence (one with both CAP and 
NP- LRTIs; table 4), and only one provided an inpa-
tient estimate.21 NP- LRTI incidence was approximately 
twofold lower than that calculated here, taking into 
account inclusion of CAP and other NP- LRTI in their 
estimates.21 22 The one UK study reporting HF incidence 
had methodological differences (ie, inclusion of outpa-
tients and limiting to initial HF diagnosis) and estimates 
could not be compared.23 Close examination of the 
existing literature methods yielded multiple sources for 
potential underestimation.

Table 3 Incidence of aLRTD resulting in hospital admission based on prospective and retrospective approaches by age group 
and condition, North Bristol National Health Service Trust—UK 2018–2019

Age groups

All adults 18–49 years 50–64 years 65–74 years 75–84 years ≥85 years

Population in 2018 406 481 226 920 91 534 45 705 29 487 12 835

Retrospective analysis of a year’s ICD- 10 codes

Annual cases—N (row %)

  All aLRTD 7727 1130 (14) 1103 (14) 1684 (22) 2053 (27) 1757 (23)

  Pneumonia 2402 264 (11) 288 (12) 589 (25) 720 (30) 541 (22)

  NP- LRTI 3005 576 (19) 410 (14) 572 (19) 662 (22) 785 (26)

  Other LRTD 1071 246 (23) 268 (25) 226 (21) 200 (19) 131 (12)

  Heart failure 1633 48 (3) 189 (12) 397 (24) 485 (30) 514 (31)

NP- LRTI/pneumonia ratio 1.3 2.2 1.4 1.0 0.9 1.5

Incidence (per 100 000)

  All aLRTD 1901 497 1205 3684 6962 13 689

  Pneumonia 591 116 315 1289 2442 4215

  NP- LRTI 739 254 448 1252 2245 6116

  Other LRTD 263 108 293 494 678 1021

  Heart failure 402 21 206 869 1645 4005

21- day prospective review (annualised)

  Annualised cases—N (row %)             

  All aLRTD 7885 1038 962 1692 2231 1962

  Pneumonia 2621 224 397 776 690 534

  NP- LRTI 3857 796 531 653 1061 816

  Heart failure 2000 51 205 308 641 795

NP- LRTI/pneumonia ratio 1.5 3.6 1.3 0.8 1.5 1.5

Incidence (per 100 000)             

  All aLRTD 1940 458 1050 3703 7565 15 283

  Pneumonia 645 99 433 1698 2339 4164

  NP- LRTI 944 351 580 1429 3599 6360

  Heart failure 492 23 224 673 2174 6193

Pneumonia category includes community and healthcare acquired. For retrospective ICD- 10 based cohort, the following mutually exclusive hierarchy 
was used to define pneumonia, LRTI and other LRTD; heart failure event could overlap with other categories.
‘Other LRTD’ contains LRTD events that could not definitively be placed in one of the other respiratory disease categories.
aLRTD, acute lower respiratory tract disease ; HF, Heart Failure; ICD- 10, International Classification of Diseases 10th revision; LRTD, lower respiratory 
tract disease; LRTI, lower respiratory tract infection; NP- LRTI, non- pneumonic lower respiratory tract infection ; pro- NT BNP, N- terminal pro B- type 
natriuretic peptide.  on N
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First, for incidence studies that were not countrywide, 
identifying an appropriate denominator is challenging. 
Like many other inpatient settings worldwide, UK hospi-
tals’ catchment areas for acute treatment are principally 
driven by geography, but the proportion of any area’s resi-
dents expected to use the hospital becomes less clear as 
distance from the hospital increases because catchment 
areas and populations of different hospitals may overlap. 
Defining hospital catchment populations based solely on 
census data cannot account for this variability. Including 
all geographical areas using the hospital to any extent 
results in population denominator overestimation and 
underestimated incidence. Here, we addressed this by 
calculating population denominators based on hospital 
utilisation behaviour from referring general practices.

Second, other studies used fewer codes in their ICD code 
analysis: all limited their analyses to events where the diag-
nostic code was in the first position (table 4; case definition 
column), potentially excluding admissions in which pneu-
monia/NP- LRTI complicated other underlying respiratory 
diseases, including COPD and asthma. Limiting to first posi-
tion has been shown to reduce sensitivity for pneumonia 
events by about 30% (66%–72% sensitive).22 24 Conversely, 
the recent British Thoracic Society (BTS) audit on CAP 
found ~27% of pneumonia events identified by ICD code 
(J12–18) had no new CXR infiltrates.6 Even accounting for 
this potential over coding practice, our estimates remain 
well above other published UK estimates.

Third, for other prospective studies, exclusion of 
events where patients did not consent to participation 
or were not identified by study surveillance processes 
(often conducted predominately during business hours) 
can introduce underestimation. Further, other prospec-
tive pneumonia studies specifically required documen-
tation of specific symptoms, radiological findings and 
treatments,25 potentially excluding those without these 
features documented in medical records. In our prospec-
tive review, approximately 11% did not display typical 
signs and symptoms of pneumonia and could have been 
excluded by that requirement. Requiring CXR confir-
mation has been shown to reduce incidence estimates 
for pneumonia,20 although all pneumonia events in our 
prospective review were radiologically confirmed.

Fourth, trends over time may also contribute to our 
estimates being higher than previous reports. Our study’s 
estimates are recent, and rising incidence of pneumonia 
has been documented in all studies that have reported 
such trends.25–27

Finally, this study included, in part, hospital- acquired 
pneumonias (HAP), which were excluded from estimates 
calculated in some other studies (table 4). The retrospec-
tive analysis may have included more nosocomial infec-
tion than the prospective review, as the latter was focused 
on evaluation of patients at admission for aLRTD and 
would not have reliably captured events that developed 
during hospitalisation. 25.3% pneumonia events included 
a nosocomial infection code, but this code could relate 
to any nosocomial infection during that hospitalisation. 

If all these cases were assumed to be HAP, our estimates 
CAP incidence would still be well above prior UK esti-
mates: 441/100 000 (≥18 years).

While not impacting all- cause aLRTD incidence esti-
mates discussed above, during the prospective review, 
we found low rates of microbial investigation which 
prevented us from generating pathogen- specific inci-
dence estimates. Only 52% of patients with radiologically- 
confirmed pneumonia underwent microbiological 
testing during hospitalisation, with even lower rates 
in other aLRTD subgroups (41% NP- LRTI and 14% 
HF). Microbiological testing occurred less frequently 
as age increased, particularly in patients with NP- LRTI. 
It is possible that, because aLRTD hospitalisations are 
substantially more common among older persons, less 
aetiological investigation is performed. Furthermore, 
clinicians may elect to treat elderly patients with a more 
pragmatic and less invasive approach. Management 
guidelines do not require specific pathogen identifi-
cation to inform treatment choice. Presence only of 
atypical features on presentation (in this series, 13% 
NP- LRTI and 11% pneumonia cases) may also reduce 
the likelihood of timely microbiological testing. Low 
rates of microbiological testing, and consequently of 
confirmed microbiological diagnosis, may represent a 
source of underestimation of pathogen- specific disease 
incidence in patient groups (ie, testing bias), particu-
larly in elderly patient groups.

Strengths and limitations of this study
This study has many strengths. First, this study used two 
analytical methods at the same site over a comparable 
period, to calculate incidence using both prospective and 
retrospective approaches. Second, the case burden of 
aLRTD and its subgroups was pre- defined and included 
patients with atypical presentations but with clinical and/
or radiological diagnoses, who may otherwise have been 
excluded from analysis. Additionally, we calculated inci-
dence using a denominator derived from GP records, 
providing increased accuracy compared with population 
calculations based on census data.

However, the study also had some limitations. This 
was a single- centre study, with a predominantly Cauca-
sian cohort; therefore, the findings might not be gener-
alisable to other populations both within the UK and 
in other countries. Different healthcare systems may 
affect patient treatment preference, and as the National 
Health Service provides care which is free at the point 
of access, the hospitalisation rates seen in this study may 
be different than those in fee or insurance based health-
care systems. Similarly, physician treatment preferences 
may affect hospitalisation rates, and we have not explored 
these in this analysis. The ICD- 10 coding data analysis 
was limited to codes within the first five positions, and 
therefore may have excluded some cases where other 
diagnoses were placed higher in the diagnostic coding 
hierarchy. Furthermore, we could not determine how 
many cases of the 28.1% ICD- 10 cases also coded with 
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nosocomial infection had hospital- acquired respiratory 
infection rather than other nosocomial infections.

Although the denominator used to calculate incidence 
was derived from GP records, this was still an estimate as 
there is no precisely defined denominator hospital catch-
ment. We were unable to exclude patients from outside 
the local CCGs in the retrospective analysis, due to the way 
ICD- 10 data were obtained. However, these patients were 
excluded from the prospective review and the incidence 
calculated was comparable, suggesting any effect that 
patients attending North Bristol NHS Trust from outside 
the local CCGs have on incidence estimates is minimal. 
This may be because any effect of travelling or health- 
seeking behaviour is bi- directional: while some patients 
admitted to Southmead hospital were from outside the 
local area, it is also true that patients with aLRTD within 
the relevant CCGs would have been admitted to other 
hospitals. We also acknowledge the 21- day prospective 
review period was relatively short, not repeated, and may 
not be fully representative of clinical practice and cases 
throughout the year. This study was conducted before the 
emergence of COVID- 19, and we think these data will be 
useful in one of two- ways in the context of COVID- 19: (1) 
either COVID- 19 will become endemic, and the data will 
reflect the first year before a new normal or (2) COVID- 19 
will abate and it will provide an anchor for understanding 
incidence during a respiratory viral pandemic.

In conclusion, we found similarly high estimates of 
LRTD incidence using two different approaches, and 
these estimates were higher than those obtained previ-
ously in the UK. Determining if there is a real increase in 
incidence, or if this estimate is larger due to more accurate 
methodology including a more accurate denominator 
will require ongoing comprehensive surveillance. None-
theless, combining all types of LRTD highlights the high 
burden for this important and potentially life- threatening 
disease group. Incidence assessments require close 
assessments of potential areas of under ascertainment, 
including unidentified or unenrolled cases in prospec-
tive studies, reduced positions or number of ICD- 10 
codes included for retrospective studies, and population 
denominator mismatch for all study types. Our prospec-
tive review findings highlight the need to consider atyp-
ical clinical presentations for pneumonia and the lack of 
routine microbiological investigation in many patients 
with aLRTD required for pathogen- specific aLRTD inci-
dence calculation. Future research should include a 
fully prospective assessment of aLRTD incidence with 
comprehensive diagnostic testing across multiple respi-
ratory seasons, to ensure accurate capture of all aLRTD 
events, particularly in the elderly. Such research should 
be undertaken given the high and rising aLRTD burden 
to enable appropriate healthcare planning and identifi-
cation of interventions which may reduce disease burden.
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Summary
Background The emergence of COVID-19 and public health measures implemented to reduce SARS-CoV-2 infec-
tions have both affected acute lower respiratory tract disease (aLRTD) epidemiology and incidence trends. The sever-
ity of COVID-19 and non-SARS-CoV-2 aLRTD during this period have not been compared in detail.

MethodsWe conducted a prospective cohort study of adults age ≥18 years admitted to either of two acute care hospi-
tals in Bristol, UK, from August 2020 to November 2021. Patients were included if they presented with signs or
symptoms of aLRTD (e.g., cough, pleurisy), or a clinical or radiological aLRTD diagnosis.

Findings 12,557 adult aLRTD hospitalisations occurred: 10,087 were associated with infection (pneumonia or non-
pneumonic lower respiratory tract infection [NP-LRTI]), 2161 with no infective cause, with 306 providing a minimal
surveillance dataset. Confirmed SARS-CoV-2 infection accounted for 32% (3178/10,087) of respiratory infections.
Annual incidences of overall, COVID-19, and non- SARS-CoV-2 pneumonia were 714.1, 264.2, and 449.9, and NP-
LRTI were 346.2, 43.8, and 302.4 per 100,000 adults, respectively. Weekly incidence trends in COVID-19 aLRTD
showed large surges (median 6.5 [IQR 0.7−10.2] admissions per 100,000 adults per week), while other infective
aLRTD events were more stable (median 14.3 [IQR 12.8−16.4] admissions per 100,000 adults per week) as were
non-infective aLRTD events (median 4.4 [IQR 3.5−5.5] admissions per 100,000 adults per week).

Interpretation While COVID-19 disease was a large component of total aLRTD during this pandemic period, non-
SARS-CoV-2 infection still caused the majority of respiratory infection hospitalisations. COVID-19 disease showed
significant temporal fluctuations in frequency, which were less apparent in non-SARS-CoV-2 infection. Despite pub-
lic health interventions to reduce respiratory infection, disease incidence remains high.

Funding AvonCAP is an investigator-led project funded under a collaborative agreement by Pfizer.

Copyright � 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
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Research in context

Evidence before this study

Acute respiratory infection remains a leading worldwide
cause of morbidity and mortality, with estimates of dis-
ease varying by population. The most recent prospec-
tive data from the UK were obtained before the
emergence of SARS-CoV-2, estimating annual inciden-
ces of hospitalised community acquired pneumonia
(CAP) for persons aged 65−74, 75−84, and ≥85 years of
1.6−3.1, 3.9−5.16, 5.1−15.2 per 1000, respectively.
SARS-CoV-2 has changed the epidemiology of respira-
tory infection and, whilst there are extensive epidemio-
logical data detailing hospitalisations of patients with
COVID-19, there are few data describing either the total
burden of acute lower respiratory tract disease (aLRTD)
or respiratory infection due to other pathogens during
the pandemic period. Some data suggest non-pharma-
ceutical measures implemented to reduce SARS-CoV-2
infection may also have reduced the burden of non-
SARS-CoV-2 respiratory disease.

Added value of this study

We provide the first prospectively obtained description
of total aLRTD in hospitalised adults covering the end of
the first wave of the Wuhan strain, through subsequent
waves of the Alpha and Delta variants and pre-dates
the Omicron variant emergence. COVID-19 accounted
for 32% of respiratory infections and COVID-19 disease
was more severe than non-SARS-CoV-2 respiratory
infection in persons aged >65 years. Further, while
COVID-19 disease formed a large component of aLRTD
during the pandemic, non-SARS-CoV-2 accounted for
the majority of aLRTD hospitalisations. We therefore
demonstrate that the burden of non-SARS-CoV-2 infec-
tion remained substantial, greater than SARS-CoV-2 in
hospitalised adults, and was significantly higher than
that previously estimated in the UK, even before the
emergence of SARS-CoV-2.

Implications of all the available evidence

These results, highlight the importance of non-SARS-
CoV-2 infection in contributing to the burden of aLRTD
throughout the pandemic. In the context of an aging
population with increasing comorbid disease, demon-
strate that aLRTD remains an important public health
concern and accounts for significant healthcare resour-
ces. Despite implementation of public health measures,
both vaccination and non-pharmaceutical interventions,
aLRTD incidence remained high and the incidence of
non-COVID-19 disease may yet increase further. It is
therefore essential that appropriate healthcare planning
and resource allocation is undertaken to care for
patients with aLRTD, in addition to implementation of
public health measures to reduce respiratory disease
burden and improve patient outcomes.
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Introduction
Respiratory infection is a leading cause of mortality and
morbidity worldwide, with substantially higher disease
in older and immunocompromised individuals. Data
from the UK are relatively sparse. A population-based
electronic database study conducted during 1997−2011
reported an average annual respiratory infection inci-
dence of 123/1000 among UK adults aged ≥65 years,
over half of whom were hospitalised, and a much lower
incidence of pneumonia of 8.0/1000.1 More recently, a
prospective observational cohort study conducted in
Nottingham from 2013 to 2018 reported annual inciden-
ces of hospitalised community-acquired pneumonia
(CAP) for persons aged 65−74, 75−84, and ≥85 years of
1.6−3.1, 3.9−5.16, 5.1−15.2 per 1000, respectively. Previ-
ous studies have used either radiological or microbiolog-
ical diagnosis to define disease2,3 or retrospective
collection of clinical-coding data1,4,5 to estimate inci-
dence: both methods may have resulted in under-ascer-
tainment of disease and its burden. Studies relying on
typical signs and symptoms of respiratory infection may
exclude elderly patients, who often present atypically
and yet have the highest disease incidence.6 Further-
more, acute lower respiratory tract disease (aLRTD) also
includes chronic respiratory disease exacerbation
(CRDE) and heart failure (HF), which may co-exist with
pneumonia and non-pneumonic lower respiratory tract
infection (NP-LRTI). To provide appropriate healthcare
resources and determine the effectiveness of public
health interventions, including vaccinations against
respiratory pathogens, it is essential that accurate data
describing aLRTD disease phenotypes and incidences
are generated and made available.

To address limitations of previous studies, the Avon-
CAP study prospectively and comprehensively captures
data on all adults hospitalised with aLRTD within a
defined geographical area. By ensuring all hospitalisa-
tions at study hospitals are screened for aLRTD using
broad criteria, including patients presenting with atypi-
cal clinical features and those without a confirmed
radiological or microbiological diagnosis, the study
aims to capture aLRTD disease in its entirety. By con-
ducting individual case assessment, hospital-acquired
infection is excluded, and disease is accurately typed
into subgroups including pneumonia, NP-LRTI, CRDE
and HF.

As AvonCAP was preparing to start collecting data,
the epidemiology of acute lower respiratory tract infec-
tion was changed in 2020−2021 by the COVID-19 pan-
demic, with large waves of admissions caused by the
original strain of SARS-CoV-2 and successive variants,
as well as changes in the incidence of many other respi-
ratory infections resulting from the public health meas-
ures introduced to limit the pandemic. The emergence
of COVID-19 resulted in unprecedented demand on
www.thelancet.com Vol 21 October, 2022
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healthcare resources and the UK, like many countries,
implemented social distancing measures and a series
of national lockdowns to reduce infections and hospital-
isations.7 These measures probably also reduced trans-
mission of other respiratory pathogens,8,9 and
consequently may have affected respiratory infection
hospitalisation rates. Recent studies suggest that both
asthma and chronic obstructive pulmonary disease
(COPD) related hospitalisations decreased following the
emergence of COVID-19.10-12 Other factors may affect
aLRTD admission rates among adults including clini-
cian practice (including admission thresholds), and
patient treatment preferences, which may have changed
during the pandemic. The impact of these factors, in
addition to the emergence of COVID-19, on total respi-
ratory disease burden is unclear.

Our primary objective for the current analysis was to
determine accurate incidences of aLRTD, aLRTI, and
pneumonia, stratified by patient age during the pan-
demic period. We also stratified by SARS-CoV-2 status
to determine the contribution of COVID-19 to disease
incidence, to establish non- SARS-CoV-2 aLRTD inci-
dences, and whether fluctuations were observed in the
context of periods of mandatory non-pharmaceutical
interventions. Lastly, we sought to assess disease sever-
ity for COVID-19 LRTI, non-COVID-19 LRTI, and non-
infective LRTD.
Methods

Ethics and permission
This is a prospective observational cohort study of adults
admitted to two large university hospitals in Bristol, UK.
The study was approved by the Health Research Author-
ity Research Ethics Committee East of England, Essex,
reference 20/EE/0157, ISRCTN: 17354061.

Informed consent was obtained from cognisant
patients, and declarations for participation from con-
sultees for individuals lacking capacity. If it was not
practicable to approach individuals for consent, data
were included using approval from the Clinical Advisory
Group under section 251 of the 2006 NHS Act.
Study design
All adults (≥18 years) admitted to both participating
hospitals from 1st August 2020 to 15th November 2021,
encompassing all acute secondary care in Bristol during
this period, were screened for study inclusion. This
time-period was selected as it encompassed the end of
first wave of Wuhan, and subsequent Alpha and Delta
waves in the UK, and pre-dates the emergence of the
ongoing Omicron SARS-CoV-2 variant wave.13 Patients
were screened for signs and symptoms of respiratory
disease, and those with ≥ signs or a confirmed clinical
or radiological aLRTD diagnosis, and disease ≤28 days
www.thelancet.com Vol 21 October, 2022
in duration were included. Signs and symptoms
included: documented fever (≥38°C) or hypothermia
(<35.5°C); cough; increased sputum volume or discolou-
ration; pleurisy; dyspnoea; tachypnoea; examination
findings (e.g. crepitations); or, radiological changes sug-
gestive of aLRTD in the opinion of a consultant radiolo-
gist, such as consolidation or pulmonary oedema.
Patients were excluded from the study if their symp-
toms developed within ≥48 h of admission or within
7 days of discharge from hospital. Additionally, patients
whose signs/symptoms were not attributable to aLRTD
were excluded (e.g. fever and tachypnoea attributable to
urosepsis). Eligible cases of aLRTD disease were then
classified in to the different aLRTD subgroups (pneu-
monia, NP-LRTI, heart failure, chronic respiratory dis-
ease exacerbation) following the case definitions
provided below and in Supplementary Table 1.

Demographic and clinical data were collected from
electronic and paper patient records and recorded on an
electronic clinical record form using REDCap.14 We col-
lected data on co-morbidities at admission, determining
Charlson co-morbidity index (CCI; with published esti-
mates of 10-year survival)15 and Rockwood clinical frailty
score (with a score of 5−9 indicating frailty).16 Vaccina-
tion records for each participant were obtained from
linked general practitioner (GP) records.
Case definitions
SARS-CoV-2 infection was defined as PCR positive test,
using the established assay (Hologic Panther TMA) con-
ducted by UKHSA diagnostic laboratories (RCP Path
2021). Patients with no molecular SARS-CoV-2 test
(3.3% eligible cases) were assigned to a non-SARS-CoV-
2 group. Pneumonia was classified as acute respiratory
illness with confirmed radiological changes compatible
with infection or when the treating clinician confirmed
the diagnosis. In keeping with NICE and BTS guide-
lines, patients assigned a diagnosis of pneumonia were
counted as a pneumonia case even if a CXR was not
taken or no infiltrate was seen, due to false-negative
radiology occurring, for example when consolidation is
behind thoracic structures or severe dehydration. NP-
LRTI was defined as the presence of signs and symp-
toms of acute lower respiratory tract infection in the
absence of infective radiological change and a clinical
diagnosis of pneumonia. Under these case definitions,
any patients with aLRTD signs or symptoms due to
non-infectious aLRTD would have been assigned appro-
priately to CRDE or heart failure groups. Full case defi-
nitions can be found in Supplementary Data 1.
Outcomes
All-cause mortality for patients within 30-days of hospi-
tal admission was determined, in addition to hospital
length of stay (days), requirement in intensive care or
3
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high-dependency unit (ICU/HDU) and length of ICU/
HDU admission (days). The population of Bristol was
estimated as previously described, including full meth-
odology.17 Briefly, hospital admission data were linked
to aggregated GP practice patient registration data
within NHS Bristol, North Somerset and South Glou-
cestershire Clinical Commissioning Group for 2017
−2019. The proportion of GP practices’ aLRTD hospi-
talisations that occurred at a specific study hospital was
multiplied by their patient registration count for six age
groups to obtain the practices’ contribution to that hos-
pital’s denominator (e.g., if 50% of GP practice admis-
sions were at a specific study hospital among persons
50�64 years, the practice contributed half of their
patients 50−64 years to the denominator). Incidence
was calculated per 100,000 people from 1st August
2020 to 31st July 2021, using the case numbers (numer-
ator) divided by population (denominator).
Statistical analysis
The primary goal of this analysis was to report incidence
rates by disease categories and SARS-CoV-2 positivity as
these data are critical to inform public health decision
making. All data were descriptively summarised. Com-
parisons between ages and CCI of SARS-CoV-2 PCR
positive and SARS-CoV-2 PCR negative cases were
made using Kolmogorov−Smirnov tests. Non-paramet-
ric comparisons were used as age and CCI were shown
to be not normally distributed by visual inspection and
Shapiro tests. Categorical data are presented as counts
and percentages, and continuous data as either means
with standard deviations (SD) or medians with inter-
quartile (IQR) ranges. Overlapping subsets of the data
pertaining to the clinical presentation of SARS-CoV-2
PCR positive and SARS-CoV-2 PCR negative cases are
described using a stratified UpSet diagram.18 All per-
sons aged ≥18 years contributed to the denominator for
incidence estimate calculations and are reported per
100,000 persons for the aLRTD groups of the whole
cohort. Analyses performed are stratified by SARS-CoV-2
PCR status, and by clinical presentation in various combi-
nations of pneumonia, NP-LRTI, HF, and CRDE: pneumo-
nia and NP-LRTI are mutually exclusive, but other groups
could overlap. Patients that present with pneumonia or
NP-LRTI are additionally grouped as having aLRTD of
infectious origin (respiratory infection), whereas presenta-
tions involving only HF or CRDE are classified as having
non-infectious aLRTD, comparisons of which are included
in the supplementary material. Patients who were eligible
for the study due to aLRTD but declined consent are ana-
lysed as undifferentiated aLRTD, also in the supplemen-
tary material. Estimates of admission incidence from
weekly admission counts are made using maximum likeli-
hood, assuming the observed case count is a Poisson dis-
tributed quantity with a time varying rate. The rate is
estimated using a locally fitted order 2 polynomial using a
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logarithmic link function using the methods of Loader
et al.19 All analyses were conducted using R.20

Role of the funding source
The study funder had no role in data collection, but collabo-
rated in study design, data interpretation and analysis and
writing this manuscript. The corresponding author had
full access to all data in the study and had final responsibil-
ity for the decision to submit for publication.
Results
Of the 1,35,014 hospitalisations, 12,557 admissions were
attributable to aLRTD, of which 12,248 (98%) con-
sented to participate in the study. 3178 (26%) aLRTD
admissions were SARS-CoV-2 infection-related, 6909
(55%) were due to infection with no evidence of SARS-
CoV-2, and the remaining 2161 (17%) had no associa-
tion with infection documented (Supplementary Figure
1). Overall, patients were elderly (median age 73y, IQR
25.7), with 8% residing in a care facility (Table 1). The
cohort was broadly comorbid (59.8% patients had a
Charlson Co-morbidity Index (CCI) ≥4) and frail
(31.4%). 51.5% of patients were current or former smok-
ers (Table 1, Supplementary Data 2).

The proportion of aLRTD hospitalisations due either
to SARS-CoV-2 or other infections was high (10,087/
12,557, 81%). SARS-CoV-2 infection usually presented
as pneumonia alone (Figure 1C) and pneumonia was
more frequent in patients with SARS-CoV-2 infection
than those infection cases who had negative SARS-CoV-
2 PCR results (Figure 1B). Similarly, SARS-CoV-2 infec-
tion more commonly presented as pneumonia than as
NP-LRTI in patients who had associated HF, CRDE or
both as a component of their aLRTD. The SARS-CoV-2
patients presenting with pneumonia alone were, on
average, 11.3 years younger than SARS-CoV-2 PCR neg-
ative pneumonia patients (P<0.001) (Figure 1E, D), and
had fewer comorbidities as indicated by an average CCI
score lower by 1.42 (P <0.001) (Figure 1F, G). Similar
significant, although smaller, differences were observed
in patients with pneumonia combined with other fac-
tors such as HF and CRDE.

COVID-19 morbidity and mortality were consider-
able: median hospital length of stay was 5 days (IQR
9.0) and increased with patient age; 427/12,557 (3%)
patients required ICU/HDU care with median ICU/
HDU admission duration of 7 days (IQR 11.0), and
1146/12,557 (9%) patients died within 30 days of admis-
sion (Table 2, Supplementary Table 3). Mortality
increased with patient age: hospitalised patients aged
18−34 years had a 30-day mortality rate <1.0% com-
pared to 17.3% in those ≥85 years. Among all aLRTD
subgroups, elderly patients with COVID-19 had a
higher 30-day mortality than those with non-SARS-
CoV-2 aLRTD (Table 2), e.g. 23.5% [20.2−27.1%] mor-
tality for confirmed SARS-CoV-2 versus 11.8% [10.4
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All included aLRTD Non-infective Confirmed SARS-CoV-2 No evidence SARS-CoV-2

Total Total Pneumonia NP-LRTI Pneumonia NP-LRTI

Characteristic Group N value N value N value N value N value N value

Age (mean § SD) 12248 68¢4 § 18¢6 2161 72 § 17¢3 2633 62¢1§ 17¢9 545 64 § 20¢9 4028 72¢9 § 16¢7 2881 66¢2 § 20

Age category 18-34 845 6¢9% 111 5¢1% 207 7¢9% 68 12¢5% 156 3¢9% 303 10¢5%
35-49 1312 10¢7% 134 6¢2% 483 18¢3% 79 14¢5% 280 7¢0% 336 11¢7%
50-64 2345 19¢1% 358 16¢6% 742 28¢2% 93 7¢1% 655 16¢3% 497 17¢3%
65-74 2376 19¢4% 457 21¢1% 476 18¢1% 95 7¢4% 777 19¢3% 571 19¢8%
75-84 2933 23¢9% 564 26¢1% 448 17¢0% 123 2¢6% 1121 27¢8% 677 23¢5%
85+ 2437 19¢9% 537 24¢8% 277 10¢5% 87 6¢0% 1039 25¢8% 497 17¢3%

Age eligible for PneumoVax 18-64 4502 36¢8% 603 27¢9% 1432 54¢4% 240 4¢0% 1091 27¢1% 1136 39¢4%
65+ 7746 63¢2% 1558 72¢1% 1201 45¢6% 305 6¢0% 2937 72¢9% 1745 60¢6%

Gender Male 6206 50¢7% 1011 46¢8% 1498 56¢9% 250 5¢9% 2127 52¢8% 1320 45¢8%
Female 6042 49¢3% 1150 53¢2% 1135 43¢1% 295 4¢1% 1901 47¢2% 1561 54¢2%

Ethnicity White British 9379 76¢6% 1659 76¢8% 1711 65¢0% 390 1¢6% 3276 81¢3% 2343 81¢3%
White other 341 2¢8% 51 2¢4% 136 5¢2% 20 ¢7% 74 1¢8% 60 2¢1%
Mixed origin 99 0¢8% 15 0¢7% 27 1¢0% 4 ¢7% 27 0¢7% 26 0¢9%
Black 237 1¢9% 28 1¢3% 99 3¢8% 14 ¢6% 54 1¢3% 42 1¢5%
Asian 339 2¢8% 29 1¢3% 175 6¢6% 23 ¢2% 59 1¢5% 53 1¢8%
Other race 108 0¢9% 19 0¢9% 49 1¢9% 6 ¢1% 17 0¢4% 17 0¢6%
Unknown 1735 14¢2% 360 16¢7% 433 16¢4% 88 6¢1% 516 12¢8% 338 11¢7%
<missing> 10 0¢1% — — 3 0¢1% — 5 0¢1% 2 0¢1%

Care home resident no 9970 81¢4% 1881 87¢0% 2172 82¢5% 398 3¢0% 3243 80¢5% 2276 79¢0%
yes 1032 8¢4% 112 5¢2% 163 6¢2% 45 ¢3% 472 11¢7% 240 8¢3%
<missing> 1246 10¢2% 168 7¢8% 298 11¢3% 102 8¢7% 313 7¢8% 365 12¢7%

Smoker Unknown 1311 10¢7% 219 10¢1% 295 11¢2% 61 1¢2% 442 11¢0% 294 10¢2%
Non-smoker 4470 36¢5% 690 31¢9% 1227 46¢6% 245 5¢0% 1319 32¢7% 989 34¢3%
Current 1217 9¢9% 196 9¢1% 127 4¢8% 24 ¢4% 442 11¢0% 428 14¢9%
Ex-smoker 5247 42¢8% 1055 48¢8% 984 37¢4% 215 9¢4% 1823 45¢3% 1170 40¢6%
<missing> 3 0¢0% 1 0¢0% — — — 2 0¢0% — —

Covid vaccination Unknown 586 4¢8% 91 4¢2% 159 6¢0% 36 ¢6% 172 4¢3% 128 4¢4%
Not received 6265 51¢2% 893 41¢3% 1817 69¢0% 278 1¢0% 1928 47¢9% 1349 46¢8%
Received 5396 44¢1% 1177 54¢5% 657 25¢0% 231 2¢4% 1927 47¢8% 1404 48¢7%
<missing> 1 0¢0% — — — — — 1 0¢0% — —

CCI (mean § SD) 12237 3¢97 § 2¢59 2161 4¢53 § 2¢5 2628 3§ 2¢5 543 ¢27 § 2¢5 4026 4¢52 § 2¢48 2879 3¢8§ 2¢61
CURB65 score 0-Very Low 3429 28¢0% 456 21¢1% 1077 40¢9% 200 6¢7% 784 19¢5% 912 31¢7%

Table 1 (Continued)
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All included aLRTD Non-infective Confirmed SARS-CoV-2 No evidence SARS-CoV-2

Total Total Pneumonia NP-LRTI Pneumonia NP-LRTI

Characteristic Group N value N value N value N value N value N value

1-Low 5534 45¢2% 1096 50¢7% 1043 39¢6% 217 39¢8% 1885 46¢8% 1293 44¢9%
2-Moderate 2677 21¢9% 502 23¢2% 423 16¢1% 108 19¢8% 1081 26¢8% 563 19¢5%
3-Severe 539 4¢4% 97 4¢5% 75 2¢8% 17 3¢1% 247 6¢1% 103 3¢6%
4-Severe 58 0¢5% 10 0¢5% 10 0¢4% 1 0¢2% 29 0¢7% 8 0¢3%
<missing> 11 0¢1% — — 5 0¢2% 2 0¢4% 2 0¢0% 2 0¢1%

COPD no 9121 74¢5% 1574 72¢8% 2314 87¢9% 451 82¢8% 2853 70¢8% 1929 67¢0%
yes 3127 25¢5% 587 27¢2% 319 12¢1% 94 17¢2% 1175 29¢2% 952 33¢0%

Asthma no 10283 84¢0% 1816 84¢0% 2209 83¢9% 468 85¢9% 3494 86¢7% 2296 79¢7%
yes 1965 16¢0% 345 16¢0% 424 16¢1% 77 14¢1% 534 13¢3% 585 20¢3%

Bronchiectasis no 11802 96¢4% 2107 97¢5% 2592 98¢4% 534 98¢0% 3829 95¢1% 2740 95¢1%
yes 446 3¢6% 54 2¢5% 41 1¢6% 11 2¢0% 199 4¢9% 141 4¢9%

IHD no 10570 86¢3% 1780 82¢4% 2358 89¢6% 484 88¢8% 3451 85¢7% 2497 86¢7%
yes 1678 13¢7% 381 17¢6% 275 10¢4% 61 11¢2% 577 14¢3% 384 13¢3%

Hypertension no 10484 85¢6% 1829 84¢6% 2324 88¢3% 487 89¢4% 3369 83¢6% 2475 85¢9%
yes 1764 14¢4% 332 15¢4% 309 11¢7% 58 10¢6% 659 16¢4% 406 14¢1%

On immunosuppression no 11159 91¢1% 1948 90¢1% 2489 94¢5% 511 93¢8% 3643 90¢4% 2568 89¢1%
yes 1088 8¢9% 213 9¢9% 144 5¢5% 34 6¢2% 384 9¢5% 313 10¢9%
<missing> 1 0¢0% — — — — — — 1 0¢0% — —

Diabetes type None 9569 78¢1% 1620 75¢0% 2015 76¢5% 441 80¢9% 3197 79¢4% 2296 79¢7%
Type 1 150 1¢2% 24 1¢1% 30 1¢1% 10 1¢8% 44 1¢1% 42 1¢5%
Type 2 2528 20¢6% 517 23¢9% 588 22¢3% 94 17¢2% 786 19¢5% 543 18¢8%
<missing> 1 0¢0% — — — — — — 1 0¢0% — —

CKD None 9385 76¢6% 1511 69¢9% 2155 81¢8% 447 82¢0% 2993 74¢3% 2279 79¢1%
Mild (CKD 1-3) 2384 19¢5% 527 24¢4% 405 15¢4% 86 15¢8% 867 21¢5% 499 17¢3%
Moderate or Severe

CKD (CKD 4+)

478 3¢9% 123 5¢7% 73 2¢8% 12 2¢2% 167 4¢1% 103 3¢6%

<missing> 1 0¢0% — — — — — — 1 0¢0% — —

Table 1: Patient characteristics of adults hospitalised with aLRTD.
Patient demographics are shown for total cohort, patients with non-infective aLRTD, confirmed SARS-CoV-2 infection (total, pneumonia, NP-LRTI) and infection without SARS-CoV-2 (total, pneumonia, NP-LRTI). Full demo-

graphics are presented in Supplementary Table 1.
aLRTD, acute lower respiratory tract disease; CCI, Charlson comorbidity index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IHD, ischaemic heart disease; NP-LRTI, non-pneumonic lower respira-

tory tract infection; PCR, polymerase chain reaction; SD, standard deviation.
yIn the UK, patients aged ≥65 years are eligible for Pneumococcal vaccination (PneumoVax� , PPV23) once, and annual influenza vaccine.

*Hypertension was only included if causing other cardiac complications.

**Chronic kidney disease (CKD) was classified as mild if stage 1-3; moderate/severe if stage 4-5, end-stage renal failure or there was dialysis dependence.

Additional data are located in Supplementary Table 2.
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Figure 1. Summary of aLRTD incidence between 1st August 2020 and 15th November 2021. Panel A shows categories with
combinations of having a single aLRTD phenotype (e.g., pneumonia alone), two phenotypes (e.g., pneumonia and CRDE), or three
phenotypes (e.g., pneumonia, CRDE and HF); the numbers along the axes show counts for each phenotype, both singly and in com-
bination, stratified by SARS-CoV-2 PCR status. 640/6661 (9.6%) cases of pneumonia were not radiologically confirmed [423/6661
(6.4%) with no consolidation/infiltrate and 217/6661 (3.3%) with no radiology performed]. Panel B shows the proportion of cases
with each single aLRTD phenotype out of the total number of cases in each strata. Where cases have multiple phenotypes they are
counted once for each phenotype, hence proportions do not add up to 100%. Panel C shows the proportion of cases with every
combination of aLRTD phenotypes, stratified by SARS-CoV-2 status. In this panel each case is counted only once and hence propor-
tions do add up to 100%. Panels E and F show boxplot summaries of the distributions for key patient indicators in each phenotype
combination category: E) age, and F) CCI score, stratified by SARS-CoV-2 PCR status. Panels D and G indicate differences in these key
indicators between SARS-CoV-2 PCR positive and negative patients for D) age, and G) CCI score, in tabular form. P-values are the
result of 2 sided Kolmogorov−Smirnov significance tests. CCI, Charlson Comorbidity Index; CRDE, chronic respiratory disease exacer-
bation; HF, heart failure; NP-LRTI, non-pneumonic lower respiratory tract infection; Pn, pneumonia.
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All included aLRTD Non-infective Confirmed SARS-CoV-2 No evidence SARS-CoV-2

Total Total Pneumonia NP-LRTI Pneumonia NP-LRTI
Length of stay Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR]

Overall 5 [2 − 11] 4 [1 − 10] 7 [3 − 13] 4 [1 − 9] 6 [2 − 12] 3 [1 − 7]

18-34 2 [0 − 4] 1 [0 − 3] 3 [1 − 6] 2 [1 − 4] 2 [1 − 5¢2] 1 [0 − 3]

35-49 3 [1 − 7] 1 [0 − 4] 5 [3 − 9] 1 [0¢5 − 5] 3 [1 − 7¢2] 1 [0 − 4]

50-64 5 [2 − 9] 3 [1 − 8] 7 [4 − 12] 3 [1 − 7] 5 [2 − 10] 2 [1 − 5]

65-74 5 [2 − 11] 4 [2 − 9] 9 [4 − 16] 4 [2 − 8¢8] 6 [2 − 12] 3 [1 − 8]

75-84 6 [2 − 13] 5 [2 − 12] 9 [4 − 15] 6 [3 − 14] 6 [3 − 14] 4 [1 − 9]

85+ 7 [3 − 15] 6 [2 − 13] 10 [4 − 20] 10 [4 − 20] 7 [3 − 15] 5 [2 − 12]

18-64 3 [1 − 8] 2 [1 − 6] 6 [3 − 10] 2 [1 − 5] 4 [1 − 9] 2 [0 − 4]

65+ 6 [2 − 13] 5 [2 − 11] 9 [4 − 17] 6 [2 − 14] 6 [3 − 14] 4 [2 − 9]

ICU admission N (%) N (%) N (%) N (%) N (%) N (%)

Overall 427/12248 (3¢5%) 27/2161 (1¢2%) 251/2633 (9¢5%) 7/545 (1¢3%) 119/4028 (3¢0%) 23/2881 (0¢8%)

18-34 29/845 (3¢4%) 1/111 (0¢9%) 11/207 (5¢3%) 1/68 (1¢5%) 13/156 (8¢3%) 3/303 (1¢0%)

35-49 74/1312 (5¢6%) 0/134 (0¢0%) 57/483 (11¢8%) 0/79 (0¢0%) 14/280 (5¢0%) 3/336 (0¢9%)

50-64 151/2345 (6¢4%) 7/358 (2¢0%) 101/742 (13¢6%) 3/93 (3¢2%) 31/655 (4¢7%) 9/497 (1¢8%)

65-74 110/2376 (4¢6%) 13/457 (2¢8%) 60/476 (12¢6%) 1/95 (1¢1%) 34/777 (4¢4%) 2/571 (0¢4%)

75-84 57/2933 (1¢9%) 5/564 (0¢9%) 22/448 (4¢9%) 2/123 (1¢6%) 22/1121 (2¢0%) 6/677 (0¢9%)

85+ 6/2437 (0¢2%) 1/537 (0¢2%) 0/277 (0¢0%) 0/87 (0¢0%) 5/1039 (0¢5%) 0/497 (0¢0%)

18-64 254/4502 (5¢6%) 8/603 (1¢3%) 169/1432 (11¢8%) 4/240 (1¢7%) 58/1091 (5¢3%) 15/1136 (1¢3%)

65+ 173/7746 (2¢2%) 19/1558 (1¢2%) 82/1201 (6¢8%) 3/305 (1¢0%) 61/2937 (2¢1%) 8/1745 (0¢5%)

ICU length of stay Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR] Median [IQR]

Overall 7 [4 − 15] 5 [3 − 9] 9 [5 − 16] 6 [4¢5 − 11] 6 [3 − 12] 3 [1¢5 − 5]

18-34 3 [2 − 7] 6 [6 − 6] 4 [2¢5 − 11] 1 [1 − 1] 3 [2 − 11] 3 [2 − 3¢5]
35-49 7¢5 [4 − 15] ¡ 7 [4 − 14] ¡ 9¢5 [4¢2 − 15] 3 [2¢5 − 3]

50-64 8 [4 − 16] 3 [2 − 4] 9 [5 − 18] 15 [10 − 22] 7 [3¢5 − 16] 3 [1 − 5]

65-74 8 [4 − 17] 7 [4 − 28] 10 [6 − 17] 4 [4 − 4] 6 [3 − 13] 7¢5 [7¢2 − 7¢8]
75-84 7 [5 − 12] 5 [5 − 8] 11 [7¢2 − 15] 6 [5¢5 − 6¢5] 6 [4 − 10] 3 [2 − 4¢8]
85+ 3 [2 − 4] 4 [4 − 4] ¡ ¡ 2 [2 − 4] ¡
18-64 7 [4 − 15] 3¢5 [2 − 4¢5] 8 [4 − 16] 10 [4¢8 − 18] 7 [3 − 15] 3 [1 − 4¢5]
65+ 8 [4 − 14] 6 [4 − 14] 10 [6 − 16] 5 [4¢5 − 6] 6 [3 − 11] 4¢5 [2 − 7¢2]
All-cause mortality N (%) N (%) N (%) N (%) N (%) N (%)

Overall 1146/12248 (9¢4%) 124/2161 (5¢7%) 339/2633 (12¢9%) 32/545 (5¢9%) 543/4028 (13¢5%) 108/2881 (3¢7%)

18-34 3/845 (0¢4%) 0/111 (0¢0%) 0/207 (0¢0%) 0/68 (0¢0%) 2/156 (1¢3%) 1/303 (0¢3%)

35-49 20/1312 (1¢5%) 1/134 (0¢7%) 11/483 (2¢3%) 0/79 (0¢0%) 8/280 (2¢9%) 0/336 (0¢0%)

50-64 93/2345 (4¢0%) 11/358 (3¢1%) 35/742 (4¢7%) 2/93 (2¢2%) 38/655 (5¢8%) 7/497 (1¢4%)

65-74 209/2376 (8¢8%) 19/457 (4¢2%) 79/476 (16¢6%) 4/95 (4¢2%) 82/777 (10¢6%) 25/571 (4¢4%)

75-84 390/2933 (13¢3%) 44/564 (7¢8%) 121/448 (27¢0%) 13/123 (10¢6%) 172/1121 (15¢3%) 40/677 (5¢9%)

85+ 431/2437 (17¢7%) 49/537 (9¢1%) 93/277 (33¢6%) 13/87 (14¢9%) 241/1039 (23¢2%) 35/497 (7¢0%)

18-64 116/4502 (2¢6%) 12/603 (2¢0%) 46/1432 (3¢2%) 2/240 (0¢8%) 48/1091 (4¢4%) 8/1136 (0¢7%)

65+ 1030/7746 (13¢3%) 112/1558 (7¢2%) 293/1201 (24¢4%) 30/305 (9¢8%) 495/2937 (16¢9%) 100/1745 (5¢7%)

Table 2: Outcomes of patients with non-infective aLRTD, proven SARS-CoV-2 aLRTD, and other infective aLRTD.
*Number of ICU/HDU cases is numerator; patients (n) in corresponding age group is denominator.

**Cases with survival days ≤30 days following hospitalization is numerator; patients (n) in corresponding age group is denominator.

yIn the UK, patients aged ≥65 years are eligible for Pneumococcal vaccination (PneumoVax� , PPV23) once and annual influenza vaccine.

aLRTD, acute lower respiratory tract disease; ICU, intensive care unit; IQR, interquartile range; NP-LRTI, non-pneumonic lower respiratory tract infection.

Additional data are located in Supplementary Table 3.
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−13.4%] for non-SARS-CoV-2 infective aLRTD in 74−85
age category (Supplementary Table 5; P<0.001) . The
interquartile ranges for length of hospital admission for
non-SARS-CoV-2 infective aLRTD overlapped with
those of SARS-CoV-2 infection across all patient age
groups (Table 2), however a statistically significant
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difference in length of stay was observed over all age
groups, with confirmed SARS-CoV-2 patients being
in hospital longer than non-SARS-CoV-2 infective
aLTRD patients. For example, the length of stay in
74−85-year-old patients increased from 5.5 [IQR 2 −
12] with non-SARS-CoV-2 aLRTD to 8 days [IQR 4 −
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Figure 2. Hospitalisations with aLRTD, by primary clinical presentation (non-infective, SARS-CoV-2 infection and infection
with no evidence of SARS-CoV-2) and age group. (A) The upper panel shows the weekly number of hospital admissions associ-
ated with positive SARS-CoV-2 PCR results taken at the time of admission, as a bar chart. For comparison the red line shows the
weekly number of SARS-CoV-2 cases in the immediate locality of the study sites. In the second panel we show the remaining non-
SARS-CoV-2 infection aLRTD admissions, stratified by primary clinical presentation, and in the 3rd panel non-infective aLRTD admis-
sions (including primary presentations with heart failure and/or exacerbation of chronic respiratory disease). Pneumonia cases are
shown in yellow, and NP-LRTI in green. (B) Points represent weekly counts of aLRTD admissions. Estimates of the underlying inci-
dence rates are shown as continuous lines, assuming the admissions follow a Poisson distribution with a time varying rate, using a
locally fitted polynomial in time, using a maximum likelihood method. The earliest date that the COVID-19 vaccination program
opened to any people in each age group is marked on each panel with a solid vertical line, and the date by which all people in the
age group were eligible for vaccination by a dashed vertical line (where different) (Supplementary Table 5). Grey bars in the back-
ground indicate periods when non-pharmaceutical interventions were in place to control the spread of SARS-CoV-2. (For interpreta-
tion of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Figure 3. Incidence per 100,000 population per week by age group for non-infective aLRTD, PCR positive SARS-CoV-2
aLRTD, and infection with no evidence of SARS-CoV-2. (A) As in Figure 3 estimates of the underlying incidence rates are shown
as continuous lines. Grey bars in the background indicate periods when non-pharmaceutical interventions were in place to control
the spread of SARS-CoV-2. (B) aLRTD cumulative hospital cases (per 100,000 people) in adults in Bristol, UK over 12 months (August
2020−July 2021). Additional data are located in Supplementary Table 4. aLRTD, acute lower respiratory tract disease; NP-LRTI, non-
pneumonic lower respiratory tract infection; PCR, polymerase chain reaction.
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15] with confirmed SARS-CoV-2 (Supplementary
Table 4; P<0.01).

There were considerable fluctuations in hospital admis-
sions due to COVID-19 during the course of the study,
which followed community COVID-19 disease incidence
and aligned with different waves of lockdown in the UK
(Figure 2A). The age distributions of patients admitted dur-
ing the two waves of COVID-19 reported here were differ-
ent. Admissions earlier in the study (Alpha wave) were
predominantly older adults whereas later time periods
(Delta wave) saw increasing numbers of younger adults
hospitalised. Hospitalisations due to COVID-19 increased
across all age groups during the COVID-19 waves until
lockdownmeasures were introduced, following which they
decreased (Figure 2B). Following the vaccine programme
roll out in late 2020, COVID-19 hospitalisations in priori-
tised older age groups began to fall. The number of
COVID-19 hospitalisations among younger adults fluctu-
ated during the study period, with COVID-19 overall being
164 of 261
the predominant cause of hospital treatment for respiratory
disease among these patients (aged 18−35) (Figure 2B, 5).

In contrast, rates of admission with non-SARS-CoV-
2 respiratory infection (pneumonia or NP-LRTI) showed
much less variation during the study period (Figure 2A)
and did not follow community COVID-19 incidence.
Hospitalisation rates increased with patient age
(Figure 2B), with disease predominantly affecting those
over 65 years old. No clear associations between periods
of implementation of lockdown measures and hospital-
isation rates due to non-SARS-CoV-2 pneumonia and
NP-LRTI were observed.

While COVID-19 contributed substantially to respi-
ratory infection incidence during this pandemic period,
non-COVID-19 cases contributed more to both pneumo-
nia and NP-LRTI disease: annual incidences of the latter
among adults aged ≥18 years were 450 and 302 per
100,000 population, respectively (Figure 3, Supplemen-
tary Table 4). Non-SARS-CoV-2 disease was the most
www.thelancet.com Vol 21 October, 2022
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common cause of NP-LRTI in all age groups. Although
non-SARS-CoV-2 pneumonia incidence was lower than
COVID-19 among adults aged <65 years, among those
aged 65−74, 75−84, and 85+ years it was 1.9, 2.8, and
3.8-fold higher, respectively. Weekly incidence per
100,000 population was higher for SARS-CoV-2 PCR
negative aLRTD in hospitalised patients than for SARS-
CoV-2 PCR positive disease across all age groups
(Figure 3). Incidence rose with patient age and the inci-
dence of SARS-CoV-2 infection in hospitalised patients
increased as new variants emerged and fell, following
non-pharmaceutical interventions.
Discussion
This two-site single-centre study conducted within a
defined geographical area describes aLRTD during part
of the COVID-19 pandemic, covering the end of the first
wave of the Wuhan strain, through subsequent waves of
the Alpha and Delta variants and pre-dates the emer-
gence of the Omicron variant. By conducting compre-
hensive surveillance of all aLRTD, we determined the
incidence and severity of both COVID-19 and non-
SARS-CoV-2 disease in individuals needing hospital
care in this population.

Notwithstanding the emergence of COVID-19, 56%
(6909/12,248) of aLRTD was due to non-SARS-CoV-2
infection, despite public health interventions to reduce
hospitalisations and NHS-burden whilst vaccination
was rolled out, and the burden of hospitalised non-
SARS-CoV-2 infection was greater than that of SARS-
CoV-2 infection. Moreover, annual aLRTD, NP-LRTI,
and pneumonia incidences were comparable to a pre-
pandemic retrospective analysis undertaken at one of
the study hospitals (pneumonia and NP-LRTI 591 and
739/100,000 versus 714 and 346/100,000 people
found in this study, Supplementary Table 4).21 Not only
did non- SARS-CoV-2 pneumonia and NP-LRTI not
substantially decline despite public health interventions
to reduce hospitalisations and NHS burden, but com-
pared to previous pre-pandemic UK studies3-5,21,22 we
report higher pneumonia incidences. For example,
compared to a recent study from Nottingham reporting
data from 2013 to 2018, non-COVID-19 pneumonia
incidences from our study were 2.6 to 4.9-fold, 3.4 to
5.0-fold, and 2.9 to 8.6-fold higher for, respectively, per-
sons age 65−74y, 75−84y, and ≥85y. The precise rea-
sons for these discordant results is beyond the scope of
our current evaluation but may relate to the methodol-
ogy we employed to conduct comprehensive, prospec-
tive, population-based surveillance to identify every
adult hospitalised with aLRTD. Further, the difference
in estimated incidence may be explained in part by the
inclusion criteria of this study, which allowed for
patients with atypical symptoms and those with a clini-
cal diagnosis of pneumonia.
www.thelancet.com Vol 21 October, 2022
Non-SARS-CoV-2 respiratory infection did not show
much seasonal variation and did not follow trends in
COVID-19-related admissions. Variation in the treat-
ment preference, admission threshold,23,24 or other con-
founders may have affected non-SARS-CoV-2 disease
admissions more than COVID-19 admissions, and the
incidence estimate calculated here may therefore be
lower for non-SARS-CoV-2 aLRTD than if non-pharma-
ceutical interventions had not been implemented, as
supported by previous studies showing that respiratory
pathogen infections dramatically decreased during the
pandemic.9,25,26 Consequently, incidences for non-
SARS-CoV-2 aLRTD disease may increase in the future
as non-pharmaceutical interventions for reducing
SARS-CoV-2 transmission are relaxed. Ongoing accu-
rate and systematic surveillance will be needed to deter-
mine how disease incidences and risk groups change as
the current pandemic evolves, and these data will be
available in coming periods during this ongoing study.
Even if incidence estimates calculated in this study
change during future years, they provide valuable
insight into the burden of acute respiratory infection
and how effective public health measures, including
increased use of vaccination in adults, might be used to
reduce disease.

Overall, 26% (3178/12,248) of adults hospitalised
with aLRTD had SARS-CoV-2 infection during this
period of the pandemic, highlighting the significant
impact of COVID-19 on total respiratory infection bur-
den and healthcare resource usage. There was consider-
able variability in rates of hospital admission due to
COVID-19 throughout the study and successive national
lockdowns appear to have been effective in reducing
these hospital admissions. Following the COVID-19 vac-
cination programme implementation, COVID-19
admissions declined, with no further surges observed as
successive patient age groups were included (Figure 2).
Although SARS-CoV-2 infection disproportionately
affected older adults, a substantial number of younger
patients required both hospitalisation and ICU treat-
ment due to COVID-19, reinforcing the observation that
this disease is not always mild in young individuals.27

Aligning with previous literature, aLRTD disease of
all causes disproportionately affected older people,
highlighting an incidence in people over 85 years old
(10,016.1 cases per 100,000 per year) which was 42-
times higher than that seen in people aged 18−34
(239.9 cases per 100,000 per year) (Figure 3). 20% of
patients aged ≥65 years admitted with pneumonia died
within 30 days (Supplementary Table 3), higher than
that observed nationally for hip fracture (5.36%)28 and
myocardial infarction (15.6%),29 and comparable to
stroke (21.0% female, 19.8% males).30 The non-SARS-
CoV-2 pneumonia mortality of 13.5% in this study
(Table 2) was comparable to that reported in a pre-pan-
demic national audit, which showed overall 30-day
pneumonia mortality of 14.6%, but did not specify
11
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mortality by age group and excluded NP-LRTI.31 We
found the 30-day mortality from non-SARS-CoV-2 NP-
LRTI was lower in all patient age groups than that for
patients with pneumonia, HF and CRDE. We also docu-
mented among persons age ≥65 years that disease
severity was worse with SARS-CoV-2 versus non-SARS-
CoV-2 respiratory infection. Whether the acute severity
of SARS-CoV-2 infection translates into greater long-
term morbidity, such as increased risk of subsequent
aLRTD events, will be a subject for future evaluations
from AvonCAP. Interestingly, 29.5% of patients admit-
ted with pneumonia had a CURB-65 score of 0, also in
line with findings from a pre-pandemic national audit,
which was unable to elucidate reasons for the decrease
in severity scores on admission.31 Future evaluation
from AvonCAP may provide some reason for the
increasing rate of hospitalisation with low severity score
respiratory infection.

This study has many strengths. Firstly, it was under-
taken prospectively and by screening hospital admis-
sions for signs/symptoms of aLRTD. Prospective,
comprehensive case ascertainment within a defined
geographical area remains the gold standard epidemio-
logical methodology for estimating disease incidence.
This study did not rely on ICD-10 coding or solely on
national data-linkage and were able to assess each case
individually and gather complete data. Secondly, we
were able to include adults hospitalised with aLRTD
through a consultee if patients lacked capacity and by
using specific authorisation to collected data without
consent, thus ensuring full ascertainment of cases. This
ensured that patients lacking capacity, such as those
severely ill or with advanced dementia or other frailty,
were not under-represented in this study. This study
was conducted at two hospitals which provide all acute
secondary medical care for the same city and time-
period to undertake comprehensive surveillance in a
defined geographical area with a well-defined local pop-
ulation, and therefore provide an accurate estimate of
disease incidence and severity. The study hospitals are
within a few miles of each other, with overlapping
patient catchments and clinicians rotate between the
two healthcare facilities. Whilst there are some differen-
ces in the demographics of patients admitted to each
hospital (Supplementary Data 5 and 6), we anticipate
that any independent effect of hospital site on patient
outcome (beyond differences associated with patient
demographics) is likely to be small. The medical records
were linked with community records to obtain detailed
and accurate data for each study participant. Finally, we
calculated incidence using a denominator derived from
GP records and hospital utilization data, providing
increased accuracy compared to population estimates
based on assumptions using local geographic bound-
aries and their corresponding census data.17

There are also some limitations to this study, which
was conducted over 15-months overall and 12-months
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for incidence determination, and is therefore only able
to report incidence within this time period. The inci-
dence calculations and disease severity determinations
were measured during the COVID-19 pandemic and
were undoubtedly affected by the emergence of this
new respiratory pathogen, public health interventions
such as social distancing and vaccination and other fac-
tors that may be difficult to quantify. It is difficult to
determine whether access to healthcare changed during
this period; for example, clinicians or patients may have
preferred treatment at home, which may have affected
severity assessment and admission rates, and therefore
our observed incidence. However, the study hospitals
reduced elective admissions and undertook measures to
avoid exceeding maximum capacity; therefore, capacity
is unlikely to have limited acute admissions and thus
affected our incidence calculation. Whilst we assessed
aLRTD at both acute care NHS hospitals in Bristol, we
cannot be sure that it is generalisable to other cities and
regions. Furthermore, this cohort is predominantly
(75.9%) White-British and therefore aLRTD disease in
cohorts with different ethnicity may vary from that
reported here. 309 (2%) patients actively declined to
participate in the study, so we can be certain they had
aLRTD but could not ascertain any additional data. Pre-
vious exposure to SARS-CoV-2 could not be determined
for study participants, and this may have impacted on
our findings, although the magnitude of any such effect
is unclear. Additionally, to prioritise SARS-CoV-2 test-
ing, study hospitals undertook limited microbiological
testing for other respiratory pathogens and, using stan-
dard-of-care results, we are unable to comment on the
microbial aetiology of non-SARS-CoV-2 respiratory
infection. Whilst we describe differences in patients
admitted with COVID-19, non-SARS-CoV-2 infection
and non-infective aLRTD, further analyses, including
adjusting for potential confounders, is needed to fully
explore the reasons for these differences.

These results, in the context of an ageing population
with increasing comorbid disease, coupled with the emer-
gence of COVID-19 and potentially future novel respira-
tory pathogens, demonstrate the significant burden of
acute respiratory disease and infection, and demonstrate
the importance of consideration of the impact of aLRTD
on healthcare systems. Our findings demonstrate the sig-
nificant contribution of non-SARS-CoV-2 respiratory
infection to total aLRTD burden in hospitalisations, and
highlight the importance of not overlooking the multiple
causes of respiratory infection during the COVID-19 pan-
demic. Providing appropriate care for adults with aLRTD
and its disease subsets will require appropriate healthcare
planning and resource allocation. Appropriate public
health measures to reduce respiratory disease burden as
well as improve patient outcomes should be imple-
mented. In the short-term social distancing and face
masks, which are effective in reducing pathogen trans-
mission and aLRTD incidence8, should be considered.
www.thelancet.com Vol 21 October, 2022
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Vaccination to prevent adult respiratory disease is likely to
be one of the most effective available short-term and long-
term strategy to reduce this substantial public health bur-
den, alongside reductions in risk factors such as cigarette
smoking and ambient air pollution.
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The impact of certain underlying

comorbidities on the risk of developing
hospitalised pneumonia in England
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Abstract

Background: UK specific data on the risk of developing hospitalised CAP for patients with underlying comorbidities
is lacking. This study compared the likelihood of hospitalised all-cause community acquired pneumonia (CAP) in
patients with certain high-risk comorbidities and a comparator group with no known risk factors for pneumococcal
disease.

Methods: This retrospective cohort study interrogated data in the Hospital Episodes Statistics (HES) dataset
between financial years 2012/13 and 2016/17. In total 3,078,623 patients in England (aged ≥18 years) were linked to
their hospitalisation records. This included 2,950,910 individuals with defined risk groups and a comparator group of
127,713 people who had undergone tooth extraction with none of the risk group diagnoses. Risk groups studied
were chronic respiratory disease (CRD), chronic heart disease (CHD), chronic liver disease (CLD), chronic kidney
disease (CKD), diabetes (DM) and post bone marrow transplant (BMT). The patients were tracked forward from year
0 (2012/13) to Year 3 (2016/17) and all diagnoses of hospitalised CAP were recorded. A Logistic regression model
compared odds of developing hospitalised CAP for patients in risk groups compared to healthy controls. The
model was simultaneously adjusted for age, sex, strategic heath authority (SHA), index of multiple deprivation (IMD),
ethnicity, and comorbidity. To account for differing comorbidity profiles between populations the Charlson
Comorbidity Index (CCI) was applied. The model estimated odds ratios (OR) with 95% confidence intervals of
developing hospitalised CAP for each specified clinical risk group.

Results: Patients within all the risk groups studied were more likely to develop hospitalised CAP than patients in
the comparator group. The odds ratios varied between underlying conditions ranging from 1.18 (95% CI 1.13, 1.23)
for those with DM to 5.48 (95% CI 5.28, 5.70) for those with CRD.

Conclusions: Individuals with any of 6 pre-defined underlying comorbidities are at significantly increased risk of
developing hospitalised CAP compared to those with no underlying comorbid condition. Since the likelihood varies
by risk group it should be possible to target patients with each of these underlying comorbidities with the most
appropriate preventative measures, including immunisations.

Keywords: Pneumonia, Pneumococcus, Hospitalised community acquired pneumonia (CAP), Risk groups, Linkage,
Hospital episodes statistics (HES) database, Big data, Prevention
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Background
Community acquired pneumonia (CAP) remains a
major cause of morbidity and mortality, resulting in
a major impact on the UK and European healthcare
systems. Across Europe, annual inpatient care for
pneumonia accounts for approximately €5.7 billion
of healthcare expenditure [1]. Pneumonia is respon-
sible for more hospital admissions and bed days than
any other respiratory disease in the UK [2]. Hospita-
lised CAP carries a mortality rate of 5–19% rising to
more than 30% for those admitted to intensive care
[3–5] and results in 29,000 deaths per annum.
Streptococcus pneumoniae is the most commonly
identified cause of CAP; however, the microbio-
logical aetiology is not identified in approximately
50% of cases [6, 7].
There have been a number of studies that have

shown patients with a range of underlying comor-
bidities are at an increased risk of developing IPD
[8–12]. Van Hoek et al. used national surveillance
data for IPD in England and Wales in combination
with Hospital Episodes Statistics (HES) data to
demonstrate an increased odds ratio (OR) for hos-
pitalisation and death from IPD in patients with
specific risk groups in the UK [12]. The risk varied
by underlying comorbidity; with the most important
risk factors predicting IPD being chronic liver dis-
ease, immunosuppression and chronic respiratory
disease. There have to date been a limited number
of studies that have examined the risk of develop-
ing CAP using healthcare utilisation database re-
cords [13, 14]. However, UK specific evidence on
the risk of developing hospitalised CAP in key risk
groups is lacking. This retrospective pilot study
compared the likelihood of being hospitalised with
all-cause community acquired pneumonia in pa-
tients with pre-specified high-risk comorbidities and
a comparator group with no known risk factors for
CAP.

Methods
This retrospective cohort study interrogated data
contained within the Hospital Episodes Statistics
(HES) dataset between financial years 2012/13 and
2015/16 [15]. 2012/13 will now be referred to as
Year 0, 2013/14 as Year 1, 2014/15 as Year 2 and
2015/16 as Year 3. HES is a data warehouse con-
taining clinical information of all admissions, bed
days, length of admission, outpatient appointments,
attendances at Accident and Emergency Depart-
ments at National Health Service (NHS) hospitals
in England, discharge diagnoses and hospital death.
It is a record-based system covering all NHS
170 of 
hospitals in England. These data are collected to
allow hospitals to be paid for the care that they de-
liver. The primary diagnosis and other clinical con-
ditions are specified using the tenth revision of the
International Classification of Diseases version 10
(ICD-10) [16].
Data was extracted from the HES database for

adults ≥18 yrs. based on the ICD-10 codes identified.
Each patient had his or her own unique NHS identi-
fier which ensured patients were not double counted
within the analysis. NHS Digital applies a strict statis-
tical disclosure control in accordance with the HES
protocol, to all published HES data. This suppresses
small numbers to prevent people identifying them-
selves and others, to ensure patient confidentiality is
maintained.
Patients were grouped together according to their

underlying comorbidity (i.e. clinical risk group)
which was identified by the relevant ICD-10 codes
(Table 3 in Appendix). We chose not to stratify by
severity of underlying comorbidity in order to sim-
plify the analysis. They were: Bone Marrow Trans-
plant (BMT), Chronic Respiratory Disease, Diabetes
Mellitus (DM), Chronic Kidney Disease (CKD),
Chronic Heart Disease (CHD) and Chronic Liver
Disease (CLD). These risk factors were selected be-
cause they are included in the conditions for which
pneumococcal polysaccharide vaccine (PPV23) is
recommended by the UK Department of Health
[17].
The clinical risk group populations were defined by

the following criteria:
Inclusion criteria for clinical risk group popula-

tions: 1) A risk group diagnosis (Table 3 in Appen-
dix- ICD-10 CODE) in Year 0. 2) ≥ 18 years at point
of risk group diagnosis. 3) No diagnosis of pneumo-
nia (Table 3 in Appendix- ICD-10 CODE) in either
the primary or secondary position in Year 0. 4) No
evidence of in-patient death in Year 0. Exclusion
criteria for clinical risk group populations: No
pneumonia diagnosis in either the primary or sec-
ondary position in Year 0 or Year 1, but with pneu-
monia diagnosis in Year 2 and/or Year 3.
Identification of Pneumonia cases: A pneumonia
diagnosis (Table 3 in Appendix- ICD-10 CODE) in
either the primary or secondary position in Year 1-
Year 3. Exclusion of Pneumonia cases: Healthcare
Acquired Pneumonia (HCAP) excluded if the pneu-
monia diagnosis was made within 48 h of the admis-
sion) [18].
Each risk cohort was determined independently;

therefore, some patients may have been grouped
into multiple risk groups. To ensure that all pneu-
monia presenting in secondary care was captured
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we included records where the relevant ICD-10
codes were in either the primary or secondary pos-
ition. The ICD-10 codes chosen to identify risk
groups reflected the codes used by van Hoek et al.
in their study of the impact of underlying comor-
bidities on invasive pneumococcal disease [12]. The
comparator group consisted of healthy individuals
admitted to hospital for a tooth extraction proced-
ure in Year 0 (Table 3 in Appendix for list of ICD-
10 codes). After careful consideration, we chose in-
dividuals admitted to hospital for a tooth extrac-
tion, who did not have any of the following
underlying comorbidities (leukaemia, multiple mye-
loma, BMT, HIV, sickle cell, asplenic / splenic dys-
function, CHD, CKD, CLD, DM, malignant disease
treatment on immunosuppressive chemotherapy or
radiotherapy), as the comparator group. This elect-
ive procedure was selected as it was not believed to
be directly associated with any underlying co-
morbidity associated with developing hospitalised
CAP, but we excluded any individuals within the
comparator group who had any comorbid condition
associated with an increased risk of developing
pneumococcal infection, as defined by the UK De-
partment of Health, for the duration of the study
(Year 0 – Year 3) [17].
Individuals were identified and tracked forward from

Year 0 to Year 3 and all diagnoses of hospitalised CAP
were recorded. All eligible individuals within the clinical
risk groups and the comparator group were followed
from Year 0 to Year 3. All episodes of hospitalised CAP
that occurred from Year 1 to Year 3 in clinical risk
group patients and the comparator group were identi-
fied. Information on the patients’ age, gender, ethnicity,
index of multiple deprivation (IMD) and strategic health
authority (SHA) was also extracted.
The study design is shown in Fig. 1.
Fig. 1 Study design assessing odds ratio of hospitalised CAP for risk group
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Statistical analysis
The outcome of interest was the diagnosis of hospita-
lised CAP. The odds ratio was calculated as odds of
developing hospitalised CAP during Year 1 to Year 3
for patients within a risk group comparing to that for
a “healthy” comparator cohort with no risk group
diagnosis as defined by the UK Department of Health
[17].
A logistic regression model was used to compare

the odds of developing hospitalised CAP within a
risk group vs within the ‘healthy’ comparator group.
The model was simultaneously adjusted with the age,
sex, strategic heath authority (SHA), index of mul-
tiple deprivation (IMD), ethnicity of patients, and co-
morbidity. To account for the fact that the
comorbidity profile may have differed between the
populations the Charlson Comorbidity Index (CCI)
was used [19]. The model estimated odds ratios
(OR) with 95% confidence intervals of developing
hospitalised CAP for each specified clinical risk
group.

Results
A total of 3,078,623 patient records were distributed
into 6 risk groups and the comparator group. The
number of patients within each group is shown in
Table 1.
The observed number of cases of hospitalised CAP in

each clinical risk group and the comparator group who
developed hospitalised CAP between Years 0 to Year 3 is
shown in Table 1. The largest clinical risk groups identi-
fied in the HES database were approximately 1.3 million
patients with CHD; the smallest was approximately 6000
BMT patients.
The odds ratio of developing hospitalised CAP for

patients in the clinical risk groups compared with
hospitalised CAP cases in the patients with no
s compared with “healthy” comparators
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Table 1 Number of patients in risk groups and comparators who did or did not develop CAP

Group Number of Patients Who Developed
CAP (%)

Number of Patients Who Did Not Develop
CAP (%)

Total Number of
Patients

CHD 277,179 (21.5%) 1,104,335 (78.5%) 1,291,531

CKD 89,144 (26.3%) 249,384 (73.7%) 338,541

CLD 19,516 (19.9%) 78,798 (80.1%) 98,317

CRD 156,899 (33.7%) 309,071 (66.3%) 465,983

DM 12,072 (16.1%) 629,303 (83.7%) 750,379

BMT 1627 (26.4%) 4532 (73.6%) 6159

Comparator Group (tooth
extraction)

3203 (2.5%) 124,510 (97.5%) 127,713

Total – – 3,078,623
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underlying condition are shown in Table 2 and Fig. 2.
These odds ratios (as approximations of relative risk)
are reported as are unadjusted and adjusted for po-
tential confounders. For example, the approximate
unadjusted risk of CAP in the CHD risk group com-
pared to the comparator group is more than 10-fold
higher (OR = 10.62; 95% CI: 10.25–11.00). After
adjusting for both gender and CCI the OR falls to
3.15. The final model included all factors simultan-
eously (age, gender, CCI, ethnicity, SHA and IMD),
patients with CHD are about twice as likely to
present with CAP compared to those without CHD
(OR = 1.87; 95% CI = 1.80–1.94). For all risk groups
studied the factor having the largest influence on the
odds of developing CAP was the CCI.
Patients within all the risk groups studied were

more likely to develop hospitalised CAP than pa-
tients in the comparator group. Patients with CRD
had the highest likelihood, with an odds ratio of
5.48 (95% CI 5.28–5.70). The group studied with the
Table 2 Odds Ratio of risk of hospitalised CAP compared to compa

Confounder Comparison of CAP vs Non CAP (Odds Ratios)

CHD CKD CLD

ORa (95% CI) ORa (95% CI) ORa (9

Overall (unadjusted) 10.62 (10.25, 11.00 13.90 (13.41, 14.40) 9.63 (9

Gender: Male 13.57 (12.88, 14.28) 14.85 (14.09, 15.65) 10.98 (1

Female 8.28 (7.89, 8.69) 12.81 (12.20, 13.46) 8.23 (7

Adjusting for Gender 10.44 (10.08; 10.82) 13.74 (13.25, 14.24) 9.40 (9

Adjusting for Gender
& CCI

3.15 (3.03, 3.27) 2.18 (2.09, 2.27) 2.71 (2

Adjusting for Gender,
Age & CCI

1.86 (1.79, 1.93) 2.20 (2.12, 2.30) 3.56 (3

Adjusting for Gender,
Age, CCI, Ethnicicty,
STHA & IMD

1.87 (1.80, 1.94) 2.22 (2.13, 2.32) 3.43 (3

aOdds of CAP in the risk group compared to the comparator

172 of 
second highest odds of developing CAP was post
BMT (odds ratio 5.46 (95% CI 5.05–5.90). These two
clinical risk groups had a five-fold increase of devel-
oping hospitalised CAP compared to the comparator
group. Patients with DM had the lowest odds of de-
veloping hospitalised CAP (odds ratio 1.18 (95% CI
1.13–1.23).

Discussion
This is the first study utilising HES to quantify the
increased likelihood of hospitalised CAP among adults
with certain underlying comorbidities in England.
HES is an administrative database that contains infor-
mation on all episodes of hospital care in England.
Patient notes are reviewed by coding clerks who as-
sign the ICD-10 codes based on diagnoses recorded
by the attending physician. Variabilit in both the
quality and consistency of the coding is considered
likely. HES also does not contain information on la-
boratory testing so aetiology of each case cannot be
rators for each potential confounder

CRD DM BMT

5% CI) ORa (95% CI) ORa (95% CI) ORa (95% CI)

.27, 10.01) 19.73 (19.04, 20.45) 7.48 (7.22, 7.75) 13.96 (13.06, 14.92)

0.37, 11.61) 22.62 (21.47, 23.82) 8.38 (7.95, 8.82) 14.92 (13.43, 16.56)

.81, 8.67) 16.92 (16.11, 17.77) 6.53 (6.22, 6.86) 12.35 (11.32, 13.47)

.05, 9.77) 19.39 (18.71, 20.09) 7.34 (7.08,7.61) 13.34 (12.47, 14.26)

.60, 2.82) 5.55 (5.34, 5.76) 1.02 (0.98, 1.07) 3.39 (3.16, 3.64)

.41, 3.72) 5.61 (5.40, 5.83) 1.18 (1.14, 1.23) 5.37 (4.99, 5.79)

.29, 3.59) 5.48 5.28, 5.70) 1.18 (1.13, 1.23) 5.46 (5.05, 5.90)
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Fig. 2 Odds ratio of risk of developing hospitalised CAP for each clinical risk group
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confirmed. Whilst a variety of ICD-10 codes can be
used in conjunction with a diagnosis of pneumonia
depending on the level of information available, code
J18 is by far the most common of the pneumonia
diagnoses and is used when the causative organism is
either unknown or unspecified. The most commonly
identified causative organism for hospital CAP is S.
pneumoniae [20, 21]. Despite its limitations HES is
frequently used for research in the UK due to its
universal coverage, long period of data collection
and ability to create nationally representative cohorts
that can be followed over time. Whilst there are
concerns regarding the accuracy of coding, epi-
demiological studies using HES are considered in-
formative with HES recently used to study the
impact of pneumococcal conjugate vaccine on pneu-
monia, sepsis and otitis media hospital admissions in
England [22–24].
Selecting an appropriate comparator group re-

quires careful consideration. We needed a group of
healthy individuals but required them to have had a
data entry in the HES database to analyse their
health status. We considered people who had
173 of 
attended hospital with broken bones / elective hip &
knee replacement but were concerned about the
high level of associated comorbidities. We therefore
chose individuals admitted to hospital for a tooth
extraction who did not have any of the underlying
comorbidities as the comparator group. We believed
this procedure was unlikely to be associated with
the risk groups under investigation. It has been sug-
gested however that impaired oral hygiene is a risk
factor for developing pneumonia therefore the
choice of this comparator may have resulted in an
underestimation of the impact of the comorbidities
studied [25].
For all risk groups studied the factor having the

largest influence on the odds of developing CAP was
the CCI. Given that the CCI is strongly associated
with the other confounding factors that we adjusted
for this finding was unsurprising. However, even
after adjusting for the CCI the effects of the under-
lying comorbidities studied remained significant. The
impact of gender on the likelihood of developing
CAP is well established and has been reported previ-
ously [26].
261
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The presence of any of the defined underlying
risk groups increases the likelihood of a hospital
admission for CAP, with the risk varying by condi-
tion. The odds ratios varied between 1.18 (95% CI
1.13, 1.23) for DM to 5.48 (95% CI 5.28, 5.70) for
those with CRD, indicating that not only do pa-
tients with a risk group diagnosis have an elevated
risk of developing hospitalised CAP but also that
the underlying diagnosis determines the magnitude
of this risk.
Van Hoek and colleagues used the national sur-

veillance programme which monitors IPD in Eng-
land and linked it with the HES database to
determine the odds of developing IPD in patients
with specific clinical risk groups [12]. The most im-
portant risk factors that predicted IPD were chronic
liver disease, immunosuppression and chronic re-
spiratory disease. While van Hoek’s results are not
directly comparable to our study, the observed pat-
terns in the odds ratios across the risk groups are
similar.
Our results are comparable to previous studies

within this area in Germany and the United States,
which quantify the risk of developing pneumonia in
individuals with underlying comorbidities [13, 14].
Shea et al. [14] utilising data from the United
States found patients with chronic lung disease had
a rate ratio of 6.6 (95% CI 6.6, 6.7) compared to a
healthy population. Patients with chronic heart dis-
ease had a rate ratio of 3.8 (95% CI 3.8, 3.80). The
lower rate ratios derived in our study may reflect a
higher threshold for hospitalisation of cases of CAP
in the UK, where many cases are treated in primary
care.
As with any epidemiological study which relies on

diagnostic coding it is possible that, due to the large
amount of data within the HES database, some mis-
classification may have occurred. We therefore chose
to interrogate HES from financial year 2012/13 be-
cause the reliability of data from this time point im-
proved following changes to the NHS payment
process [27].
While we accounted for several relevant con-

founders, we were unable to adjust for frailty.
Frailty, an age-related decline in reserve and func-
tion, [28] often coexists with chronic diseases [29].
and will increase the likelihood of hospitalisation
with CAP. Since frailty factors are not coded in
HES we were unable to determine the contribution
of the comorbidity or degree of frailty to hospita-
lised CAP.
Due to the nature of the coding system it was

challenging to differentiate between hospitalised CAP
and healthcare- acquired pneumonia (HCAP). We
174 of 
attempted to control for this by excluding cases of
pneumonia that developed at least 48 h post admis-
sion (i.e. meeting the definition for HCAP) [30]
however this was again dependant on the accuracy
with which patients were coded. Patients with a risk
group diagnosis may be at an increased risk of de-
veloping HCAP compared to those who have not
been admitted with an underlying comorbidity.
Therefore, it is possible that the presence of HCAP
cases within the dataset may have slightly over-
inflated the reported odds ratios.
We categorised patients based on ICD-10 codes

into one of six risk groups. However, many patients
will have more than one underlying comorbidity.
The risk of developing CAP increases when patients
have an increasing number of comorbidities, a
phenomenon known as “risk stacking” [14, 31].
There is evidence that immunocompetent adults
with two or more underlying risk groups (multimor-
bidity) have a higher risk of developing pneumococ-
cal disease and patients with three or more at-risk
conditions are at similar risk of developing pneumo-
coccal infection as those with immunosuppressive
conditions [32]. The role of severity or chronicity of
the underlying comorbidity was outside the scope of
this study but should be considered by subsequent
relevant studies.
We have not accounted for losing patients from the

study due to mortality. The HES data warehouse only
includes records of patients’ contacts with hospitals in
England. Mortality data would therefore only reflect
death in hospital during an admission, rather than 30-
day mortality.

Conclusions
Individuals with any of 6 pre-defined underlying comor-
bidities are at significantly increased risk of developing
hospitalised CAP compared to those with no underlying
comorbid condition. The odds ratios varied between
underlying conditions ranging from 1.18 (95% CI 1.13,
1.23) for those with DM to 5.48 (95% CI 5.28, 5.70) for
those with CRD.
This work begins to address the data gap in terms

of defining the burden of CAP in adults with risk
factors and compliments work undertaken by van
Hoek et al. on IPD. Our study highlights the im-
portance of protecting ‘at risk’ patients against CAP
and the need to consider the role of relevant vac-
cines in this context, including pneumococcal and
influenza vaccine. Since the likelihood varies by risk
group it should be possible to target each with the
most appropriate preventative measures, including
immunisations.
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Appendix
Table 3 List of ICD-10 codes used to identify patients and associated activity

# Cohort Name ICD-10 Codesa

1. Pneumonia J12, J13, J14, J15, J16, J17, J18

2. Chronic respiratory disease J40, J41, J42, J43, J44, J47, J6, J7, J80, J81, J82, J83, J84, Q30, J31, Q32, Q33, Q34, Q35, Q36, Q37

3. Chronic heart disease I05, I06, I07, I08, I09, I11, I12, I13, I20, I21, I22, I25, I27, I28, I3, I40, I41, I42, I43, I44, I45, I47, I48, I49, I50, I51, I52, Q2

4. Chronic kidney disease N00, N01, N02, N03, N04, N05, N07, N08, N11, N12, N14, N15, N16, N18, N19, N25, Q60, Q61

5. Chronic liver disease K70, K71, K72, K73, K74, K75, K76, K77, P78.8, Q44

6. Diabetes mellitus E10, E11, E12, E13, E14, E24, G59.0, G63.2, G73.0, G99.0, N08.3, O24, P70.0, P70.1, P70.2

7. Post BMT Z94.8

8. Tooth Procedure F09: Surgical removal of tooth
F10: Simple extraction of tooth

aICD-10 codes taken from Rozenbaum et al. [11]
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ABSTRACT
Background Hospitalised pneumonia may have long- 
term clinical and financial impact in adult patients with 
underlying comorbidities.
Methods We conducted a retrospective cohort study 
using the Hospital Episode Statistics (HES) database to 
determine the clinical and financial burden over 3 years 
of hospitalised community- acquired pneumonia (CAP) to 
England’s National Health Service (NHS). Subjects were 
adults with six underlying comorbidities (chronic heart 
disease (CHD); chronic kidney disease (CKD); chronic liver 
disease (CLD); chronic respiratory disease (CRD); diabetes 
mellitus (DM) and post bone marrow transplant (post- 
BMT)) with an inpatient admission in 2012/2013. Patients 
with CAP in 2013/2014 were followed for 3 years and 
compared with similarly aged, propensity score- matched 
adults with the same comorbidity without CAP.
Findings The RR of hospital admissions increased after 
CAP, ranging from 1.08 (95% CI 1.04 to 1.12) for CKD 
to 1.38 (95% CI 1.35 to 1.40) for CRD. This increase 
was maintained for at least 2 years. Mean difference in 
hospital healthcare costs (£) was higher for CAP patients 
in 2013/2014; ranging from £1115 for DM to £8444 for 
BMT, and remained higher for 4/6 groups for 2 more years, 
ranging from £1907 (95% CI £1573 to £2240) for DM to 
£11 167 (95% CI £10 847 to £11 486) for CRD.) The OR for 
mortality was significantly higher for at least 3 years after 
CAP, ranging from 4.76 (95% CI 4.12 to 5.51, p<0.0001) 
for CLD to 7.50 (95%CI 4.71 to 11.92, p<0.0001) for BMT.
Interpretation For patients with selected underlying 
comorbidities, healthcare utilisation, costs and mortality 
increase for at least 3 years after being hospitalised CAP.

INTRODUCTION
Community acquired pneumonia (CAP) is 
a major cause of morbidity and mortality.1 
Pneumonia has a considerable impact on 
the healthcare systems of the UK, being 
responsible for more hospital admissions and 
bed days than any other lung disease in the 
UK.1 Across Europe, annual inpatient care 
for pneumonia accounts for €5.7 billion of 
healthcare expenditure.1 Streptococcus pneumo-
niae remains the most commonly identified 

cause of CAP; however, the microbiological 
aetiology is not identified in approximately 
50% of cases.2 3 Hospitalised CAP carries a 
mortality rate of 5% to 15%, rising to more 
than 30% for those admitted to intensive 
care,2 3 and results in 29 000 deaths per 
annum in the UK.1 Traditionally, the clinical 
and economic costs of an episode of hospi-
talised CAP have been assumed to be short- 
lived, with patients subsequently returning to 
their previous health state.4 However, recent 
data challenge this assumption, with studies 
suggesting a long- term reduction in quality 
of life5 6 and decreased long- term survival 
in those with an underlying comorbidity 
who experience an episode of hospitalised 
pneumonia. Recognition of the long- term 
health consequences of CAP is important to 
inform secondary prevention strategies. It 
is well established that a myocardial infarc-
tion, while being a serious acute event, also 
carries a significant long- term morbidity in 

Key messages

What is the key question?
 ► What is the clinical and financial burden to National 
Health Service (NHS) England for an episode of hos-
pitalised community- acquired pneumonia (CAP) in 
patients with certain comorbidities?

What is the bottom line?
 ► In patients with certain comorbidities, an episode of 
hospitalised CAP results in an increase in the clinical 
and financial burden to NHS England for at least 3 
years.

 ► Furthermore, the risk of death is significantly in-
creased for at least 3 years.

Why read on?
 ► This study demonstrates the long- term impact of 
hospitalised CAP, both for individual patients with 
certain comorbidities and for the health service.
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terms of direct and indirect health consequences, and 
increased mortality.7 Patients with myocardial infarction 
are therefore offered secondary prevention and rehabili-
tation, interventions that are proven to reduce long- term 
morbidity and mortality. Such interventions are not avail-
able for CAP, in part because the long- term health conse-
quences of CAP, particularly in multimorbid patients, are 
less well described. We hypothesised that a diagnosis of 
hospitalised CAP in an individual with a specific comor-
bidity would have clinical and economic implications 
beyond the initial diagnosis.

Aims of the study
Between 2013/2014 and 2015/2016, this study investi-
gated the extent of any additional healthcare resource 
utilisation, patient costs and in- hospital mortality for 
patients with comorbidities who had CAP as a compli-
cating condition in 2013/2014.

METHODS
Study design
This was a retrospective cohort study using data from 
the Hospital Episode Statistics (HES) database (online 
supplemental box 1) between the financial years 
2012/2013 and 2015/2016. Eligible patients were 
identified in 2012/2013 and those who met the study 
criteria were then followed for three subsequent years 
(2013/2014, 2014/2015 and 2015/2016) (figure 1).

Participants were aged 18+ years in 2012/2013 and 
consisted exclusively of patients with one or more of six 
comorbidities as denoted by the relevant International 
Statistical Classification of Diseases and Related Health 
Problems, Tenth revision (ICD-10) codes (online supple-
mental table 1) in either the primary or secondary posi-
tion.8 9 The six comorbidities selected were: bone marrow 
transplant (BMT), chronic respiratory disease (CRD), 
diabetes, chronic kidney disease (CKD), chronic heart 
disease (CHD) and chronic liver disease (CLD). These 
were chosen because adults with these comorbidities are 
considered to be at an increased risk of pneumococcal 
disease.10

None of the participants selected had evidence of a 
diagnosis of pneumonia (online supplemental table 1) 
in 2012/2013 and none had died during 2012/2013. 
The study group were those participants who were subse-
quently hospitalised with a diagnosis of CAP (based on 

the relevant ICD-10 codes) in 2013/2014. The compar-
ison group were those participants with no diagnosis of 
hospitalised CAP in 2013/2014 and who were not hospi-
talised with CAP at any subsequent point during the study 
period.

It was possible for patients to have more than one of 
the selected comorbidities. The risk of developing CAP 
increases when patients have an increasing number of 
risk factors, a phenomenon known as ‘risk stacking’.11 In 
order to correct for this confounder, we used the propen-
sity scoring method12 to match each participant in the 
study group with a participant in the comparator group 
(1:1 ratio). It was also not possible to account for severity 
of the underlying comorbidity, due to limitations of the 
HES database. To counterbalance this, we incorporated 
healthcare utilisation within the base year (2012/2013) 
in the propensity score matching (PSM). PSM is a statis-
tical technique in which the group of interest is matched 
for similarity with one or more controls. For each indi-
vidual comorbidity, the propensity score was estimated 
utilising: age, sex, ethnicity, index of multiple depriva-
tion, other comorbidities from the six comorbidities 
selected and healthcare utilisation within the baseline 
year (2012/2013). A study participant with a diagnosis of 
hospitalised CAP was matched with a comparator partic-
ipant with the same comorbidity but with no diagnosis 
of hospitalised CAP in 2013/2014 (and was not hospital-
ised with CAP at any subsequent point during the study 
period).

Once matched, the study group and comparison group 
were followed over a 3- year period from 2013/2014 to 
2015/2016 and assessed for differences in healthcare 
resource utilisation (overall hospital admissions, outpa-
tient attendance and accident and emergency depart-
ment (A&E) visits), the associated hospital healthcare 
costs and mortality during each of the three study years. 
The objective was to investigate if, and to what extent, 
these outcome measurements differed in participants 
with comorbidities who were hospitalised with CAP in 
2013/2014 compared with those with the same comor-
bidities who were not hospitalised with CAP (either in 
2013/2014 or the subsequent two study years).

Inclusion/exclusion criteria
Participants had to be aged 18+ years in 2012/2013 and 
for inclusion needed to have at least one of the defined 
comorbidities. Patients with a diagnosis of CAP (online 
supplemental table 1, ICD-10) or evidence of inpatient 
death during 2012/2013 were excluded. Those patients 
with a secondary pneumonia diagnosis after 48 hours 
of the primary admission were also excluded as this 
as was considered to reflect hospital- acquired pneu-
monia (HAP) rather than CAP. Patients with missing 
data (approximately 0.5% of all data in HES), where 
the admission/visit/attendance did not have a corre-
sponding Healthcare Resource Groups (HRG) code 
were excluded because it was not possible to cost the 

Figure 1 Study design. CAP, community- acquired 
pneumonia.
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associated admission/visit/attendance in the absence of 
an HRG code. HRGs are standard groupings of clinically 
similar treatments which use comparable levels of health-
care resource, including groups of ICD-10 diagnoses that 
have similar resource implications. Outpatient follow- up 
visits included regular and programmatic visits among all 
groups.

Categorisation of CAP and non-CAP
Within each individual risk population, subjects were 
categorised into two groups based on the presence or 
absence of a primary or secondary diagnosis code for CAP 
(online supplemental table 1, ICD-10) in 2013/2014. 
However, if any secondary pneumonia diagnosis occurred 
after 48 hours of the primary admission, this subject was 
excluded as it was considered to be a HAP.13 Subjects 
were included in the non- CAP comparison group if there 
was no diagnosis of pneumonia (online supplemental 
table 1: ICD-10) during the three study years (2013/14 
to 2015/16).

Outcome
The three key outcomes examined during the period 
2013/2014 to 2015/2016 were healthcare resource 
utilisation (total number of hospital admissions, total 
number of outpatient attendances and total number of 
A&E visits), the costs associated with these activities and 
in- hospital mortality.

For each patient, the number of hospital admissions, 
outpatient attendances and A&E visits were retrieved 
from the database according to the corresponding 
HRG.14 Hospitalised mortality was defined when hospital 
discharge status was ‘death’.

The associated costs for each activity were then deter-
mined using the appropriate National Health Service 
(NHS) tariffs and reported in 2016 UK pounds ster-
ling (£). Costs from earlier years were adjusted using 
the Hospital and Community Health Services (HCHS) 
index from the Personal Social Services Research Unit 
(PSSRU).15

Statistical analysis
Demographic characteristics were measured and summa-
rised using means, medians, SD, and p values where 
appropriate.

Healthcare resource utilisation reported as activity 
was analysed using a negative binomial model. Negative 
binomial modelling corrects for overdispersion of the 
data, which is useful for studies utilising large data sets, 
such as this one. The model was run for patients from 
each comorbidity category and the rate ratio (RR) for 
each category was compared with their propensity score- 
matched pairs, in each of the three study years, using 
CAP diagnosis as the dependent variable and each type of 
healthcare resource use (admissions, outpatient appoint-
ments or A&E visits) as the outcome variable. The model 

was adjusted based on the recruitment of propensity- 
score matched patients for potential explanatory vari-
ables (age, gender, ethnicity, elective and non- elective 
admissions, conditions in the Charlson Comorbidity 
Index16 and the presence of diagnoses used to identify 
the other comorbidities at the point of participant selec-
tion in 2012/2013). These variables were selected based 
on likelihood ratios calculated from univariate logistic 
regression performed on each of them.

To determine the costs for each type of healthcare 
resource use as calculated through HRG tariffs, a gener-
alised linear model was used. In this model, CAP diag-
nosis was the dependent variable, while costs were the 
outcome variable. Adjustments were made with the same 
factors based on likelihood ratios from univariate logistic 
regression performed on each of them. Mean differences 
for costs were then calculated (with 95% CIs generated 
using the least squares method) between the study group 
and comparison group for each comorbidity, for each of 
the three study years individually and for all three study 
years collectively.

In both models statistical significance was considered 
achieved if the 95% CIs around the point estimate did 
not include 1 (p<0.05).

To investigate the effect of hospitalised CAP on subse-
quent in- hospital mortality, a conditional logistic regres-
sion model was used to reduce bias given that matched 
data were being used. In- hospital mortality was the depen-
dent variable, while other variables (hospitalised CAP, 
age, gender, ethnicity, elective and non- elective admis-
sions in at the point of selection in 2012/2013, condi-
tions in the Charlson comorbidity index and presence of 
diagnoses used to identify the other comorbidities) were 
explanatory variables. ORs for mortality comparing the 
study group with the comparison group within each of 
the selected comorbidities were estimated with 95% CIs.

As the HES database includes all the data entered from 
the NHS in England, it is possible for implausible extreme 
values to be recorded in the database. For example, one 
individual was admitted to hospital, on average, every 
1.5 days. To ensure this data did not skew the results to 
favour our hypothesis, the top 1 percentile of results were 
excluded from the analysis.

For quality control purposes, each query was validated 
by re- running the queries.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
A total of 2 205 850 candidate patients with one or 
more of the six comorbidities were identified in HES in 
2012/2013. The total number of patients in each of the 
six comorbidities were as follows CHD n=9 81 397; CKD 
n=2 32 488; CLD n=71 261; CRD n=2 94 283; diabetes 
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n=6 21 887; and post- BMT n=4534. After selecting 
only those who had a diagnosis of hospitalised CAP in 
2013/2014 and a 1:1 propensity score- matched control, 
the number of patients in each group was: CHD n=36 386; 
CKD n=12 190; CLD n=2222; CRD n=20 764; diabetes 
n=16 382; and post- BMT n=271. (table 1)

These formed the cohort that was investigated for 
healthcare resource utilisation, hospital admission costs 
and in- hospital mortality over the period 2013/2014 to 
2015/2016.

Healthcare resource utilisation
For each of the three study years (2013/2014, 2014/2015 
and 2015/2016), subsequent healthcare resource utilisa-
tion (overall hospital admissions, outpatient attendance 
and A&E visits) for patients with each category of comor-
bidity who were hospitalised with CAP in 2013/2014 were 
compared with those for patients with the same cate-
gory of comorbidity but who were not hospitalised with 
CAP in 2013/2014 (or any of the subsequent two study 
years). Results are presented as RRs for each category of 
comorbidity and each category of healthcare resource 
utilisation during each of the three individual study years 
(table 2) (figure 2).

A statistically significant increase in the rate of health-
care resource utilisation was observed for patients with 
CHD, CKD, CLD, CRD and diabetes who were hospital-
ised with an episode of CAP in 2013/2014 compared with 
those with CHD, CKD, CLD, CRD and diabetes who did 
not develop hospitalised CAP. This was observed for each 
of the three categories of healthcare resource utilisation 
during each of the three study years with RRs ranging from 
1.08 (95% CI 1.04 to 1.12) for overall hospital admissions 
for CKD patients during 2013/2014 to 1.42 (95% CI 1.37 
to 1.46) for overall hospital admissions for CRD patients 
during 2015/2016. For BMT patients who had an episode 
of CAP in 2013/2014, there was evidence of an increase 
in healthcare resource utilisation for outpatient atten-
dance only during 2013/2014 (RR 1.16; 95% CI 1.02 to 
1.32). There was no evidence of a difference in any of the 
three categories of healthcare resource utilisation when 
comparing other BMT patients with a diagnosis of CAP 
in 2013/2014 to those without during any of the three 
study years (RRs ranged from 0.93 (95%CI 0.71 to 1.13) 
for A&E visits during 2013/2014 to 1.28 (95%CI 0.96 to 
1.71) for overall hospital admissions during 2015/2016).

Hospital admission costs
Table 3 shows the mean difference in hospital health-
care costs (£) during the 3- year study period for patients 
with each comorbidity who developed hospitalised CAP 
in 2013/2014 compared with those who did not. Results 
are presented for each category of comorbidity, for each 
individual study year and overall for the combined 3- year 
duration of the study. During 2013/2014 and overall 
for the three study years collectively, the mean hospital 
healthcare costs were higher for patients with each of 

the six comorbidities who were hospitalised with CAP 
than for those with the same comorbidities who did not 
develop hospitalised CAP. During 2013/2014 the mean 
difference in cost ranged from an increase of £1115 for 
patients with diabetes to £8444 for patients with BMT 
who developed CAP in 2013/2014, while overall for the 
full 3- year study period, the mean difference in hospital 
healthcare costs ranged from an increase of £1907 for 
patients with diabetes who developed CAP in 2013/2014 
to £11 167 for those with CRD who developed CAP in 
2013/2014. During 2014/2015 and 2015/2016, mean 
higher costs were also incurred for four of the six comor-
bidity categories who developed CAP in 2013/2014. 
Exceptions were CKD and diabetic patients where a 
hospitalisation with CAP in 2013/2014 resulted in lower 
mean hospital healthcare costs during 2014/2015 and 
2015/2016, respectively.

In-hospital mortality
Patients with comorbidities who developed hospitalised 
CAP in 2013/2014 had substantially higher ORs for 
in- hospital mortality when compared with those with 
comorbidities who did not develop CAP. This extended 
to each category of comorbidity for each of the three 
study years. Results are presented in figure 3. The OR 
was particularly high for BMT patients (OR 7.50, 95% CI 
4.71 to 11.92, p<0.0001). For the remaining categories of 
comorbidity, ORs ranged from 4.76 (95%CI 4.12 to 5.51, 
p<0.0001) for CLD patients to 5.94 (95%CI 5.65 to 6.24, 
p<0.0001) for CRD patients.

DISCUSSION
This is a large study using a national data set reflecting 
the adult hospital population (~75 000 participants) in 
England with six comorbidities. This provided sufficient 
data to closely match participants in the study group with 
those in the comparator group. While there are short-
comings using HES epidemiologic studies, using HES 
can be informative.17–19

Principal findings
We previously reported the variation in the likelihood of 
hospitalisation for CAP among adults with six comorbidi-
ties in England.20 The current analysis used the same data 
set to quantify the clinical and financial burden of hospi-
talised CAP in these patients over the same time period.

This study illustrates for the first time the increase in the 
rate of hospital admissions in patients with the six clinical 
comorbidities included following an episode of hospi-
talised CAP. This increase was statistically significant in 
all comorbidity categories apart from post- BMT and was 
maintained across all three study years. However, there is 
a lack of precision around point estimates for healthcare 
resource utilisation for post- BMT patients specifically 
due to the small number of these participants (n=271). 
As expected, there was variation between the different 
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Table 1 Demographics of matched participants in CAP/non- CAP groups for each of the six comorbidities

Demographics

CHD CKD CLD CRD Diabetes Post- BMT

CAP
non- 
CAP CAP

non- 
CAP CAP non- CAP CAP non- CAP CAP non- CAP CAP non- CAP

Participant

All candidate 
participants

44 215 937 182 14 428 218 060 2604 68 657 25 500 268 783 21 222 600 665 369 4165

1:1 Matched 36 386 36 386 12 190 12 190 2222 2222 20 764 20 764 16 382 16 382 271 271

Age

Mean 79.1 79.5 78.8 79.2 62.1 61.8 75.0 75.3 74.9 75.3 53.9 54.6

Median 81.0 81.0 81.0 82.0 63.0 62.0 77.0 77.0 77.0 77.0 56.0 56.0

Gender

Male 17 432 
(47.9%)

17 524 
(48.2%)

5791 
(47.5%)

5892 
(48.3%)

909 
(40.9%)

975 
(43.9%)

9944 
(47.9%)

10 040 
(48.4%)

7600 
(46.4%)

7930 
(48.4%)

102 
(37.6%)

117 
(43.2%)

Ethnicity

White 33 128 
(91.0%)

33 210 
(91.3%)

10 773 
(88.4%)

10 795 
(88.6%)

1936 
(87.1%)

1933 
(87.0%)

19 327 
(93.1%)

19 479 
(93.8%)

14 007 
(85.5%)

13 960 
(85.2%)

231 
(85.2%)

239 
(88.2%)

Mixed 68 
(0.2%)

79 
(0.2%)

29 
(0.2%)

28 
(0.2%)

11 
(0.5%)

5 (0.2%) 34 (0.2%) 33 (0.2%) 54 (0.3%) 65 (0.4%)

Asian/Indian 1167 
(3.2%)

969 
(2.7%)

558 
(4.6%)

502 
(4.1%)

108 
(4.9%)

96 (4.3%) 462 (2.2%) 377 (1.8%) 1095 
(6.7%)

1011 
(6.2%)

13 
(4.8%)

6 (2.2%)

Black/African 
origin

444 
(1.2%)

456 
(1.3%)

293 
(2.4%)

260 
(2.1%)

42 
(1.9%)

45 (2.0%) 147 (0.7%) 153 (0.7%) 435 (2.7%) 454 (2.8%) 5 (1.8%) 7 (2.6%)

Chinese 31 
(0.1%)

22 
(0.1%)

11 
(0.1%)

19 
(0.2%)

3 (0.1%) 7 (0.3%) 12 (0.1%) 12 (0.1%) 23 (0.1%) 24 (0.1%) 0 1 (0.4%)

Other/not 
collected

1548 
(4.2%)

1650 
(4.5%)

526 
(4.3%)

586 
(4.8%)

122 
(5.5%)

136 
(6.1%)

782 (3.7%) 710 (3.5%) 768 (4.7%) 868 (5.3%) 22 
(8.1%)

18 (6.6%)

Index of 
multiple 
deprivation 
(least to most)

0 to 20 5693 
(15.6%)

6238 
(17.2%)

1864 
(15.3%)

1970 
(16.1%)

256 
(11.6%)

289 
(13%)

2472 
(11.9%)

2768 
(13.4%)

2147 
(13.1%)

2283 
(14.0%)

60 
(22.1%)

67 
(24.7%)

20 to 40 6579 
(18.0%)

7039 
(19.3%)

2156 
(17.7%)

2288 
(17.9%)

347 
(15.7%)

331 
(14.9%)

3290 
(15.9%

3613 
(17.4%)

2662 
(16.3%)

2961 
(18.1%)

63 
(23.2%)

58 
(21.4%)

40 to 60 8354 
(22.9%)

7715 
(21.2%)

2848 
(23.4%)

2708 
(22.3%)

611 
(27.5%)

575 
(25.9%)

5486 
(26.4%)

4913 
(23.7%)

4097 
(25.0%)

3857 
(23.6%)

45 
(16.6%)

65 
(24.0%)

60 to 80 8065 
(22.2%)

7491 
(20.5%)

2784 
(22.8%)

2577 
(21.2%)

584 
(26.3%)

562 
(25.3%)

5137 
(24.7%)

4973 
(23.9%)

3963 
(24.2%)

3829 
(23.4%)

47 
(17.4%)

29 
(10.7%)

80 to 100 7533 
(20.7%)

7589 
(20.8%)

2483 
(20.3%)

2559 
(21.0%)

411 
(18.5%)

440 
(19.8%)

4281 
(20.7%)

4345 
(20.9%)

3433 
(21.0%)

3342 
(20.4%)

56 
(20.7%)

31 
(18.8%)

Not collected 162 
(0.4%)

314 
(0.9%)

55 (0.5% 88 
(0.7%)

13 
(0.6%)

25 (1.1%) 98 (0.5%) 152 (0.7%) 80 (0.5%) 110 (0.7%) 0 (0.0%) 1 (0.4%)

CHD

Yes N/A N/A 10 473 
(85.9%)

10 509 
(86.2%)

1322 
(59.5%)

1326 
(59.7%)

16 053 
(77.3%)

16 114 
(77.6%)

13 213 
(80.7%)

13 293 
(81.1%)

113 
(41.7%)

112 
(41.3%)

CKD

Yes 14 978 
(41.2%)

14 929 
(41.0%)

N/A N/A 661 
(29.7%)

658 
(29.6%)

6429 
(31.0%)

6357 
(30.6%)

7771 
(47.4%)

7824 
(47.8%)

90 
(33.2%)

86 
(31.7%)

CLD

Yes 2348 
(6.5%)

2207 
(6.1%)

853 
(7.0%)

795 
(6.5%)

N/A N/A 1487 
(7.2%)

1351 
(6.5%)

1538 
(9.4%)

1442 
(8.8%)

25 
(9.2%)

20 (7.4%)

CRD

Yes 18 363 
(50.5%)

18 351 
(50.4%)

5762 
(47.3%)

5761 
(47.3%)

1042 
(46.9%)

1049 
(47.2%)

N/A N/A 7833 
(47.8%)

7788 
(47.5%)

97 
(35.8%)

101 
(37.3%)

Diabetes

Yes 11 849 
(32.6%)

11 779 
(32.4%)

5094 
(41.8%)

5159 
(42.3%)

813 
(36.6%)

817 
(36.8%)

5791 
(27.9%)

5528 
(26.6%)

N/A N/A 62 
(22.9%)

81 
(29.9%)

Continued
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comorbidities included, which is consistent with previous 
findings on the impact of underlying comorbidities and 
the risk of invasive pneumococcal disease (IPD).19

Our study also shows that patients with these comor-
bidities who are diagnosed with hospitalised CAP subse-
quently cost more money to treat over the 3- year period 
following the initial episode of CAP compared with 
matched controls who did not have an episode of pneu-
monia. The costs varied substantially by comorbidity, with 
the mean difference ranging between £6000 over 3 years 
for CHD patients to over £11 000 for CRD patients. 
However, for CKD patients, this trend was inconsistent 
in 2014/2015, when those with hospitalised CAP cost 
less than their matched controls. A similar but not signif-
icant observation was also made for diabetic patients 
in 2015/2016. One possible explanation is that hospi-
talisation with CAP provides an opportunity to review 
the treatment for an individual’s underlying condition. 
This review subsequently leads to an improvement in 
treatment of the underlying condition, thereby averting 
future related hospital costs and admissions related to 
their underlying condition. This might be specific to CKD 
and diabetes and the way in which they are managed. 
We chose to calculate the difference in cost using HRGs 
which provides insight to the cost that hospitals would 
have received for treating these patients, but it does not 
reflect the full picture of costs and notably is not able to 
capture costs in the community following discharge. A 
separate specific cost analysis of hospitalised pneumonia 
would be needed to more accurately determine a more 
accurate cost.

Our study found that patients with certain underlying 
comorbidities have a significantly higher likelihood 
of in- hospital mortality following an episode of hospi-
talised CAP. The ORs were >4 for all six comorbidities 
which underlines the importance of measures to prevent 
episodes of hospitalised pneumonia in patients with 
comorbidities.

The key findings of this study suggest that following 
an episode of CAP, adults with underlying comorbidities 

are subsequently associated with increased healthcare 
resource utilisation and are at increased risk of mortality 
for an extended period. An episode of hospitalised CAP 
is therefore likely to have a prolonged adverse effect on 
the subsequent health of adults with underlying comor-
bidities, which supports considering pneumonia as a 
chronic rather than an acute condition.21 An episode 
of CAP in adults with underlying comorbidities appears 
likely to leave them particularly prone to long- term 
adverse health consequences.22 While this is the first 
time insights in this context have been obtained using a 
population of UK adults with underlying comorbidities 
specifically, similar research undertaken outside the UK 
has previously highlighted that adults may be left with a 
compromised health status following an episode of hospi-
talised CAP. A recent systematic review and meta- analysis 
reported an increased risk of myocardial infarction, 
heart failure, dysrhythmias and stroke after CAP, which 
is maximal in the acute phase but persists long- term after 
resolution of the pneumonia .23 The finding that there is 
an increased likelihood of mortality following an episode 
of hospitalised CAP is reflected by a study in Dutch adults 
which suggested long- term mortality was higher in those 
with an underlying comorbidity following an episode 
of IPD or pneumonia.24 A possible explanation for this 
is that an episode of hospitalised CAP can compromise 
the long- term health status of patients with underlying 
comorbidities.

This study suggests it is not appropriate to continue 
to consider an episode of hospitalised CAP as a discreet 
event for patients with comorbidities. Rather, the impact 
of hospitalised CAP should be considered over a longer 
period accounting for the impact on both the patient 
and the healthcare system. Furthermore, it is important 
to consider the personal impact on quality of life for 
these patients and their families along with some of the 
often unreported consequences of CAP, including wider 
societal implications such as time off work.25

The increasing numbers of patients with comorbidities 
and elderly patients hospitalised with CAP will consume a 

Demographics

CHD CKD CLD CRD Diabetes Post- BMT

CAP
non- 
CAP CAP

non- 
CAP CAP non- CAP CAP non- CAP CAP non- CAP CAP non- CAP

post- BMT

Yes 86 
(0.2%)

51 
(0.1%)

85 
(0.7%)

76 
(0.6%)

15 
(0.7%)

7 (0.3%) 61 (0.3%) 35 (0.2%) 88 (0.5%) 64 (0.4%) N/A N/A

Mean 
admissions 
2012/2013

Elective (mean) 4.2 3.6 9.3 7.6 4.5 3.9 2.9 2.5 5 3.6 18.3 16.3

Non- elective 
(mean)

2.2 2.1 2.5 2.4 3.1 3.1 2.3 2.2 2.2 2.2 3.2 3.0

Total (mean) 3.7 3.4 6.3 5.5 5.3 5 3.3 3.1 4.2 3.5 20.0 17.3

BMT, bone marrow transplant ; CAP, community- acquired pneumonia ; CHD, chronic heart disease ; CKD, chronic kidney disease ; CLD, chronic liver disease ; 
CRD, chronic respiratory disease ; N/A, Not Applicable.

Table 1 Continued
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large percentage of health resources in the future.26 Our 
data suggest that those with underlying conditions continue 
to be at an increased risk of hospitalised CAP and its asso-
ciated consequences. Since the risk varies by comorbidity, it 
should be possible to target these comorbidity groups with 
appropriate preventative measures including influenza and 
pneumococcal immunisations.

This study reflects the UK healthcare system, the NHS, 
and its findings are therefore mainly of relevance for the 
UK, but may nevertheless be of interest for other health-
care systems.

CAP is a significant contributor to winter pressures 
that the NHS faces each year. Strategies to prevent pneu-
monia, including smoking cessation, pneumococcal 
vaccination and seasonal influenza vaccination, are 
important. Clinicians are advised to provide patients with 
written advice on pneumonia recovery when they are 
discharged from hospital. It is therefore disappointing 
that the most recent British Thoracic Society audit of 
adult CAP found that only 5.8% of participating hospitals 
routinely provided written advice to pneumonia patients 
when discharged from hospital.27

Strengths and weaknesses of the study
This study used HES data which has acknowledged limi-
tations, particularly regarding quality and consistency of Ta
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Figure 2 Comparison of rate of hospital admissions, 
outpatient attendances and A&E visits for patients with 
a diagnosis of hospitalised CAP and those without a 
diagnosis of hospitalised CAP, stratified by underlying 
co- morbidity and year. A&E, accident and emergency 
department; BMT, bone marrow transplant; CAP, 
community- acquired pneumonia; CHD, chronic heart 
disease; CKD, chronic kidney disease; CLD, chronic liver 
disease; CRD, chronic respiratory disease.
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coding for pneumonia28 29 and potential errors of omis-
sion and commission of underlying comorbidities. The 
most recent national audit of hospitalised cases of CAP, 
conducted on behalf of the British Thoracic Society,27 
compared prospectively identified pneumonia cases 
with HES data. The accuracy of a diagnosis of CAP at the 
national level varied widely between 124 participating 
hospitals. The median accuracy across all participating 
institutions was 65.6% (IQR 52.8% to 79.3%.27 The most 
common reason for exclusion of the diagnosis of CAP 
was the absence of new radiographic changes on chest 
X- ray. It is therefore possible that some admissions for 
‘pneumonia’ may in fact have been as a result of other 
conditions, including heart failure or decompensated 
underlying comorbidity. However, coding accuracy in 
HES has improved ever since the roll- out of financial 
incentives that are based on diagnosis and procedure 
codes.30 Additionally, because of further reporting 

requirements in the NHS, coding completeness has 
increased substantially.17 20 HES continues to be used 
in multiple studies for studying disease epidemiology 
and healthcare resource use in the NHS.17 20 We chose 
to interrogate HES from financial year 2012/2013 when 
data reliability improved, following the introduction of 
payment by results.30

Due to the nature of coding in HES, it was not possible 
to fully differentiate between hospitalised CAP and HAP, 
although we did exclude all cases of pneumonia with 
onset occurring over 48 hours after admission. Patients 
admitted with a comorbidity diagnosis might be at an 
increased risk of developing HAP compared with those 
who have not been admitted with an underlying illness. 
Therefore, it is possible that presence of HAP within the 
data set may have resulted in overascertainment for all 
the outcomes measured.

Since we included patients whose comorbidity was 
coded in either the primary or secondary position, 
it is probable that a large proportion of patients will 
have multiple comorbidities.26 The risk of developing 
CAP increases when patients have several risk factors, a 
phenomenon known as ‘risk stacking’.11 31 In order to 
correct for these confounders, we used PSM to compare 
the outcome variables between the two categories.32 The 
propensity scoring method has been used in other HES 
and CAP studies.8 33 We have not assessed the effect of 
multiple comorbidities in this study, but it is likely that 
the healthcare costs incurred, and in- hospital mortality 
would be elevated in patients with multiple risk factors. 
In a study of the impact of risk stacking on mortality from 
pneumococcal infections in adults, each additional risk 
factor increased the risk of mortality by 55%.34 HES data 
does not include data on other known risk factors for CAP, 
for example, smoking, alcohol abuse and use of proton 
pump inhibitors. It is therefore unclear whether these 
additional risk factors or a worsening clinical condition 
rather than an episode of hospitalised CAP are predictors 
of a worse outcome. A prospective study would be needed 
to establish the relative importance of these factors.

Table 3 Mean difference in hospital healthcare costs for patients in each comorbidity who developed hospitalised CAP 
versus those who did not throughout the 3- year study

Hospital healthcare resource costs (£): mean difference (95% CI)

 CHD CKD CLD CRD Diabetes Post- BMT

Total admissions 
2013/2014

4666 (4542; 
4790)

4958 (4725; 
5192)

5693 (5082; 
6305)

5264 (5098; 5431) 1115 (869; 
1361)

8444 (6026; 10 
862)

Total admissions 
2014/2015

2679 (2533; 
2824)

−1,916 (−2295; 
−1537)

10 774 (9633; 
11 915)

10 947 (10 611; 11 
283)

2675 (2451; 
2899)

8030 (3961; 12 
099)

Total admissions 
2015/2016

2056 (1907; 
2206)

2181 (1894; 
2468)

1664 (992; 
2337)

2815 (2616; 3015) −1,692 (−2020; 
1364)

2010 (−319; 
4341)

Total admissions 
2013/2014 to 
2015/2016

6103 (5930; 
6275)

3800 (3436; 
4164)

10 858 (9712; 
12 004)

11 167 (10 847; 11 
486)

1907 (1573; 
2240)

9274 (4968; 13 
580)

BMT, bone marrow transplant; CAP, community- acquired pneumonia ; CHD, chronic heart disease ; CKD, chronic kidney disease; CLD, 
chronic liver disease; CRD, chronic respiratory disease.

Figure 3 Adjusted ORs for mortality in each clinical 
risk group for those who developed hospitalised CAP 
compared with those who did not (online supplemental 
table 2). BMT, bone marrow transplant; CAP, community- 
acquired pneumonia; CHD, chronic heart disease; CKD, 
chronic kidney disease; CLD, chronic liver disease; CRD, 
chronic respiratory disease.
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Frailty increases the likelihood of hospitalisation 
with CAP.35 For example, in one study using the FRAIL 
index36 (FRAIL is a five- item scale of fatigue, resistance, 
ambulation, illnesses and weight loss) a score >3 was asso-
ciated with an increase in duration of stay in hospital and 
an increase in in- hospital mortality.37 Since prevalidated 
frailty scores such as the FRAIL index are not recorded 
in the HES database, we were unable to adjust for 
frailty. Another potential confounder is chronic disease 
severity. Based on the data extracted as part of this study, 
it was not possible to determine the contribution of the 
chronic disease severity or the degree of frailty to the 
clinical and financial burden consequent on an episode 
of hospitalised CAP.38 It is unclear whether an episode 
of CAP requiring hospitalisation per se alters the course 
of a chronic disease, or is in fact a marker of worsening 
disease severity or increasing frailty resulting in a worse 
outcome. Millett et al18 investigated the factors associated 
with hospitalisation for CAP among adults aged ≥65 years 
in England, using linked primary and secondary care 
data sets; the Clinical Practice Research Datalink39 and 
HES. After adjusting for age, sex and year, they found 
frailty factors (inability to self- care, mobility problems, 
tiredness and a history of falling) did not increase the 
risk of hospitalisation for CAP. The authors did note that 
frailty factors and smoking were suboptimally recorded 
by general practitioners, preventing a full assessment of 
the role of these factors and highlighting the need for 
better data on these parameters.

Finally, it was not possible to account for loss of patients 
from the study due to mortality outside of the hospital 
setting. The HES data warehouse only includes records 
of patients’ contacts with hospitals in England. The avail-
able data would therefore only reflect death in hospital 
during an admission, rather than longer- term mortality. 
The increased likelihood of dying for patients who have 
had an episode of hospitalised CAP presented in this 
analysis may therefore be an underestimate. By linking 
the HES database to Office for National Statistics central 
mortality data, it would be possible to estimate mortality 
without restricting the analysis to those patients who died 
in hospital.

Meaning of the study: implications for clinicians and 
policymakers
This study suggests the adverse effect of an episode of 
hospitalised CAP for those with underlying comorbid-
ities, both for the individual patient and for the NHS. 
Quantification of these effects in patients with under-
lying comorbidities could be useful for policy makers 
when deciding about preventative measures.

Unanswered questions and future research
This study examined the impact of an episode of hospi-
talised CAP on patients with at least one of six selected 
underlying comorbidities over a period of 3 years. The 
longer- term duration of the impact of an episode of 

hospitalised CAP on healthcare utilisation and mortality 
for patients with the six comorbidities studied has not 
been determined. The study did not include patients 
with other comorbidities, including immunosuppression 
and functional asplenia. Future research could address 
these unanswered questions.

CONCLUSION
Following an admission to hospital for CAP, the impact 
on the patient and the healthcare system is significant 
and can continue for at least 3 years following the initial 
diagnosis. While there is variation by comorbidity, the risk 
of admission to hospital is significantly increased for at 
least 3 years after the episode of CAP, with increased pres-
sure on hospital beds and also increased hospital costs. 
Furthermore, the likelihood of mortality was consider-
ably raised in all comorbidities studied. This highlights 
the importance of prevention of CAP in these patient 
populations.
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ABSTRACT
Introduction: Pneumococcal disease (PD) significantly contributes to morbidity and mortality, carrying 
substantial economic and public health burden. This article is a targeted review of evidence for 
pneumococcal vaccination in the UK, the definitions of groups at particular risk of PD and vaccine 
effectiveness.
Areas covered: Relevant evidence focusing on UK data from surveillance systems, randomized con-
trolled trials, observational studies and publicly available government documents is collated and 
reviewed. Selected global data are included where appropriate.
Expert opinion: National vaccination programs have reduced the incidence of vaccine-type PD, despite 
the rising prominence of non-vaccine serotypes in the UK. The introduction of higher-valency conjugate 
vaccines provides an opportunity to improve protection against PD for adults in risk groups. Several 
incentives are in place to encourage general practitioners to vaccinate risk groups, but uptake is low- 
suboptimal particularly among at-risk individuals. Wider awareness and understanding among the 
public and healthcare professionals may increase vaccination uptake and coverage. National strategies 
targeting organizational factors are urgently needed to achieve optimal access to vaccines. Finally, 
identifying new risk factors and approaches to risk assessment for PD are crucial to ensure those at risk 
of PD can benefit from pneumococcal vaccination.
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1. Introduction

Streptococcus pneumoniae (pneumococcus) infection is 
a leading cause of morbidity and mortality worldwide [1–3]. 
Diseases caused by pneumococci range from mucosal infec-
tions including otitis media, sinusitis and non-bacteremic 
pneumonia to life-threatening pneumonia and invasive pneu-
mococcal disease (IPD), most commonly presenting as bac-
teremic pneumonia, but also sepsis and meningitis. In this 
review, the term pneumococcal disease (PD) refers to 
a wider concept of pneumococcal infections (including IPD, 
community-acquired pneumonia [CAP] caused by pneumo-
coccus, and pneumococcal pneumonia).

The burden of PD is considerable and leads to long-term 
clinical and economic impact on patients and the healthcare 
system in the UK. The pneumococcus was recently reported to 
be the leading pathogen for respiratory hospitalization among 
adults aged ≥65 years in England (prior to the COVID-19 pan-
demic) [4]. The clinical burden of PD is notably high among 
individuals with certain underlying comorbidities [5–10] and 

increases with age [5]. The increased clinical burden not only 
reflects higher healthcare resource utilization and costs, but 
also markedly impacts patients’ quality of life [8,11]. Indeed, 
the presence of other common pandemic viral pathogens 
including SARS-CoV-2, respiratory syncytial virus and influenza 
viruses substantially contributed to the epidemiological and 
clinical burden of respiratory disease, potentially through viral- 
bacterial interaction [12–14]. However, it was recently 
reported that non-COVID-19 respiratory infections were still 
the major cause of acute lower respiratory tract infections 
(LRTIs) hospitalizations throughout the COVID-19 pan-
demic [15].

Although the burden of PD has been reported, it is likely to 
be an underestimate [16]. The causal pathogen is frequently 
not confirmed in many patients with respiratory tract infec-
tions managed in primary and secondary care. As such, under- 
reporting together with potential under-ascertainment of PD 
may contribute to invalid estimates of disease prevalence, 
thus underestimating the true burden of PD [16].
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PD predominantly affects older adults and young chil-
dren [3]. Individuals with specific clinical conditions 
(Table 1) are at elevated risk of PD and PD-associated 
morbidity and mortality [7,8,17–21]. These risk groups have 
been targeted for vaccination to reduce the burden of PD 
[3]. In the UK, five pneumococcal vaccines are authorized for 
protection against different serotypes, including pneumo-
coccal polysaccharide vaccine (PPV; PPV23) and pneumococ-
cal conjugate vaccine (PCV; including PCV10, PCV13, PCV15, 
PCV20) [3] (Table 2). Currently, only four licensed vaccines 
are available, as PCV10 is no longer marketed and in use. 
Since 2003, PPV23 has been routinely offered to all adults 

aged ≥65 years and clinical risk groups aged ≥2 years. While 
in 2010, PCV13 replaced PCV7 (introduced in 2006) for 
routine infant immunization. Indeed, in the UK, PCV13 is 
only recommended for adults with very-high-risk conditions 
(i.e. severely immunocompromised individuals defined as: 
patients with bone marrow transplant, acute and chronic 
leukemia, multiple myeloma or genetic disorders affecting 
the immune system [e.g. IRAK-4, NEMO], and people living 
with human immunodeficiency virus [PLWHIV] as described 
in the British HIV Association [BHIVA] guidelines) [3].

In addition to directly protecting children, the sequential 
introduction of PCV7 and PCV13 into the infant immunization 
program has induced valuable indirect protection for older age 
groups and consequently reduced the incidence of vaccine-type 
(VT)-PD across the full age range [25]. However, the subsequent 
emergence of non-PCV13 serotypes and concerns about the 
extent of protection conferred by PPV23 suggested a need to 
now consider the new higher-valency PCVs for optimal control 
and prevention of PD among UK adults with underlying comor-
bidities [17,26]. In late 2021 and early 2022, two new higher- 
valent vaccines, PCV15 and PCV20, were approved respectively 
within the UK and licensed for use in adults aged ≥18 years for 
prevention of PD [22,24]. In light of the benefits of higher-valency 
PCVs and the evolving epidemiology of PD, the Joint Committee 
on Vaccination and Immunisation (JCVI) now recommends to 
include PCV20 for all adults in risk groups and recognizes that 
PCV20 is likely to prevent more disease than PPV23 and that 
waning of immunity may occur at a slower rate [23].

The advantages of PCVs over PPVs have been extensively 
reviewed in the literature [27–30]. Compared with PPVs, PCVs 
are considered more effective against PD and also impact naso-
pharyngeal carriage, thus preventing onward transmissions and 
inducing direct protection [28,30,31]. While PPVs and PCVs con-
tain the same capsular polysaccharides, the polysaccharides 
within PCVs are conjugated to a carrier protein which provides 
durable and robust immunogenicity and the ability of generat-
ing immunological memory [27–29]. New vaccine candidates are 
in development, including PCV21, PCV24, and PCV30 (Table 2). 
Such PCVs will provide direct protection against PD for adults in 
risk groups against a broader range of serotypes [32]. Higher- 
valency PCVs that include similar (or higher) numbers of sero-
types to PCV20 will likely be attractive options. However, the 
optimal pneumococcal vaccine will change over time as the 
epidemiology (e.g. disease incidence, prevalence and serotype 
behaviors) and vaccine technologies evolve. Alongside PCVs 
with >20 serotype coverage in development, next-generation 
whole-cell vaccines and protein-based vaccines are also in early 
development and whilst currently unproven, theoretically have 
potential to protect against all serotypes and to minimize possi-
ble immune escape [33,34]. Whilst elimination of nasopharyn-
geal colonization (a central precursor for PD) and inducing 
indirect protection is an advantage associated with both new 
and existing conjugate vaccines, aspiring to achieve complete 
elimination of pneumococcal carriage with future vaccines could 
in fact lead to the risk of subsequent replacement with other 
microorganisms that can cause disease, and this may be an 
undesirable consequence [33,34]. Striking a balance between 
benefit (e.g. eliminating carriage of those serotypes with most 

Article highlights

● National vaccination programs have helped reduce the incidence of 
vaccine-type PD in the UK, but there have been concerns on the 
emerging incidence of PD caused by non-vaccine serotypes (i.e. non- 
PCV13, non-PPV23).

● The introduction of higher-valency conjugate vaccine options (i.e. 
PCV15, PCV20) within the UK provides an opportunity to help address 
the challenges associated with serotypes replacement. These new 
pneumococcal conjugate vaccines provide broader serotype cover-
age, as these contain new serotypes (in addition to PCV13) respon-
sible for PD cases in the UK, particularly in adults aged ≥65 years, and 
thus potentially offering improved and direct protection against PD 
for adults in risk groups.

● Two new higher-valency pneumococcal conjugate vaccines, PCV15 
and PCV20, are licensed and available in the UK; both vaccines have 
been introduced into vaccination guidelines in the US and some 
European countries. In the UK, the JCVI has now recommended 
that PCV20 should be used for adults in risk groups.

● Within the risk categories defined in the guidelines, occupational risk 
factors are limited to metal workers and welders. However, other 
professional activities involving close contact with people with 
respiratory disease could be considered as relevant for pneumococcal 
vaccination (e.g. individuals working in residential care homes, elderly 
care wards, oil rigs, prisons, those living in inner city high pollution 
settings and healthcare workers), since they are at higher risk of 
exposure to respiratory infections.

● The effect of risk stacking (defined as the increase in risk of PD with 
the accumulation of concurrent at-risk conditions) has not yet been 
formally considered and should be taken into consideration when 
making recommendations for pneumococcal vaccines. Reassessment 
of risk groups deemed eligible for pneumococcal vaccination may be 
beneficial for prevention of PD.

● Several unmet needs and challenges for the management of PD have 
been identified, including the resurgence of PD cases post COVID-19 
restrictions, the continuous pressure on the National Healthcare 
Service’s capacity for delivery of patient care, and global concerns 
on antimicrobial resistance. Some of these issues may be addressed 
through pneumococcal vaccination.

● Available data suggest that the PPV23 uptake rate varies by risk 
factor and remains low particularly in adults with risk conditions. 
The PPV coverage report published by the UK Health Security Agency 
estimated that the PPV23 coverage up to 2021 in eligible individuals 
(aged 2–64 years) ranged between 38.5% for those with chronic liver 
disease and 56.0% for those with chronic respiratory disease, while 
uptake rate was 70.7% for those with cochlear implants.

● Barriers affecting vaccination uptake include vaccine hesitancy 
(inadequate knowledge, low awareness, negative attitudes) toward 
vaccinations among patients and some GPs and patient access (con-
venience) to routine vaccinations. We also speculate that low vacci-
nation uptake may be attributable to organizational factors.

● Although various incentives are in place to encourage GPs to vacci-
nate patients at risk of PD, national strategies are still needed to 
optimize vaccine uptake and patient access to vaccines may be 
informed by learnings from vaccine delivery approaches implemen-
ted during the COVID-19 pandemic.
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propensity for disease) and risk (i.e. increasing the likelihood of 
replacement disease) is imperative, albeit challenging, in vaccine 
development.

This targeted literature review aimed to describe the cur-
rent UK landscape in relation to the identification and vaccina-
tion of individuals at risk of PD and to identify any 
opportunities for optimization of vaccine delivery and uptake.

2. Evidence of pneumococcal vaccine effectiveness 
and impact against PD

In the UK, four licensed vaccines (PPV23 and PCVs) are cur-
rently available for use to help prevent PD [3] (Table 2). The 
efficacy of PCV13 against PD in adults was based on data from 
the CAPiTA trial (Community-Acquired Pneumonia immuniza-
tion Trial in Adults), one of the largest adult vaccination ran-
domized control trials containing the most robust data 
available for assessing efficacy of PCV13 against IPD/CAP in 
older adults [31]. Substantial efficacy of PCV13 against IPD and 
pneumococcal CAP was demonstrated in adults aged ≥65  
years, with efficacy sustained up to five years without evi-
dence of waning [31,35] (Table S1). A post-hoc analysis of 
CAPiTA also showed significant and persistent efficacy of 
PCV13 against VT-CAP in at-risk older adults [36].

Evidence demonstrating PPV23 vaccine effectiveness 
against PD remains inconsistent (Table S1). Andrews et al. 
(2012) and Djennad et al. (2018) showed that PPV23 provided 
only moderate short-term protection against IPD in UK older 
adults (aged ≥65 years) and achieved no impact on IPD inci-
dence at the population level. Effectiveness of PPV23 varied by 
serotype and waned within 2 years after vaccination [37,38]. 
Whilst there is evidence demonstrating that PPV23 may pro-
vide some limited protection against hospitalized CAP in UK 
adults aged ≥16 years, this was not the case when adults aged 
≥65 years were specifically considered [39]. Overall, it is widely 
accepted that PPV23 provides some limited short-term protec-
tion against IPD among adults aged ≥65 years, without signif-
icant impact on IPD at the population level [37–42]. More 

robust evidence is needed to demonstrate PPV23’s ability to 
provide meaningful protection against CAP in UK adults in risk 
groups [40–43].

The introduction of PCV13 into the UK national routine 
infant immunization program has considerably reduced the 
incidence of PCV13 VT-IPD in older age groups through direct 
and indirect effects; however, the emergence of non-PCV13 
serotypes as a consequence of vaccine driven serotype repla-
cement remains a major concern particularly in adults [26,44]. 
Such serotype replacement has also been reported in France, 
Germany and Sweden, with widespread concerns that initial 
substantial vaccine impact is now being eroded [45].

Collectively, such serotype replacement suggests that more 
effective higher-valent pneumococcal vaccines now need to 
be considered to replace PPV23 to better protect those UK 
adults considered at increased risk of PD [46]. The recent JCVI 
recommendation to include PCV20 for adults aged ≥65 years 
and all adults in risk groups is therefore timely, with the 
potential to consider other candidate higher-valency pneumo-
coccal vaccines that are currently in development (e.g. PCV21, 
PCV24, PCV30) [47–50] in the future should they be licensed 
(Table 2).

Currently, serotype 3 continues to be responsible for 
a considerable burden of PD in UK adults [26,51]. Although 
there is evidence that PCV13 provides some direct protection 
against serotype 3 PD [42,52–55], its use in UK adults and 
those in risk groups has been very limited, with PPV23 being 
the primary vaccine used in this context. The recent recom-
mendation of PCV20 to be included in the routine vaccination 
program for adults aged ≥65 years and all adults in risk groups 
may now help address this [23]. The limited impact of PCV13 
on serotype 3 carriage further indicates that any indirect 
protection from pediatric PCV13 programs against serotype 3 
disease is compromised [56]. This is likely attributed to the 
unique physiological properties of serotype 3, such as its thick 
capsule and surface electronegativity, and its ability to confer 
protection against host factors [57]. These features are con-
sidered to facilitate the ability of serotype 3 to cause disease 
and escape immune responses [57]. Improving the ability of 

Table 1. Clinical risk groups recommended for pneumococcal vaccination in the Green Book [3].

Risk group definitions

Chronic respiratory 
disease

● COPD including chronic bronchitis and emphysema, bronchiectasis, cystic fibrosis, interstitial lung fibrosis, pneumoconiosis, and 
BPD

● Children with respiratory conditions caused by aspiration or a neurological disease with a risk of aspiration
● Severe asthma requiring continuous use of systemic steroids

Chronic heart disease Ischemic heart disease, congenital heart disease, hypertension with cardiac complications, and chronic heart failure
Chronic kidney disease Nephrotic syndrome, chronic kidney disease at stages 4 and 5, and those on kidney dialysis or with kidney transplantation
Chronic liver disease Cirrhosis, biliary atresia, and chronic hepatitis
Diabetes Diabetes mellitus requiring insulin or anti-diabetic medication, excluding diabetes that is diet controlled
Immunosuppression ● Immunosuppression caused by disease or treatment (e.g. chemotherapy, bone marrow transplant, asplenia or splenic dysfunction, 

complement disorder, HIV infection at all stages, multiple myeloma, or genetic disorders affecting the immune system (e.g. IRAK- 
4, NEMO)

● Individuals (any age) on or likely to be on systemic steroids for more than a month at a prednisolone equivalent dose of ≥20 mg 
per day or children (under 20 kg) on a dose of ≥1 mg per kg per day

Asplenia or splenic 
dysfunction

Conditions that may lead to splenic dysfunction (e.g. homozygous sickle cell disease and celiac syndrome)

Cochlear implants Post cochlear implants
CSF leaks Leakage of CSF caused by trauma or major skull surgery (excluding CSF shunts)
Occupational risk Continuous occupational exposure to metal fume (welding)

The table was adapted from Green Book [3]. 
BPD, bronchopulmonary dysplasia; COPD, chronic obstructive pulmonary disease; CSF, cerebrospinal fluid; HIV, human immunodeficiency virus 
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pneumococcal vaccines to protect against both serotype 3 
disease and carriage may be considered in the future direc-
tions of vaccine development.

3. Current pneumococcal vaccine uptake

3.1. Vaccine uptake in risk groups

In England, it was estimated that 12.7% (n = 6,412,685/ 
50,479,300) of the general population had one or more risk 
factors (as defined in the Green Book), and 44.8% (n =  
3,780,552/8,434,300) in those aged ≥65 years had one or 
more risk factors in 2009 [6]. In 2009, the estimated proportion 

of the population in risk groups (aged ≥2 years) ranged from 
0.01% (n = 3,584) for those with cochlear implants to 6.2% (n =  
3,114,844) for those with chronic heart disease (CHD) [6].

The number of at-risk individuals has increased since 2009, 
particularly in those aged ≥65 years. In 2021, a total of 10,601,410 
adults aged ≥65 years were eligible for PPV23 vaccination based 
on registration records with general practitioners (GPs), and the 
estimated number of at-risk individuals aged 2–64 years ranged 
from 5,294 for those with cerebrospinal fluid (CSF) leaks to 
1,487,496 for those with diabetes [58].

Moreover, PLWHIV are at greater risk of developing IPD 
than the general population [59,60]. National surveillance 

Table 2. Details of licensed pneumococcal vaccines and next-generation vaccines in development.

Vaccine Manufacturer Serotype coverage UK recommendation [3]

Licensed pneumococcal vaccines in the UK
PPV23 (PNEUMOVAX®23) Merck Sharp & Dohme 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9 V, 10A, 11A, 12F, 

14, 15B, 17F,18C, 19A, 19F, 20, 22F, 23F, 
and 33F

● Licensed for use in adults aged ≥65 years, people 
aged ≥2 years with at-risk conditions*

● Revaccination (every five years) recommended for 
individuals with certain risk conditions (i.e. asple-
nia, splenic dysfunction, or CKD)

● Revaccination currently not recommended for any 
other risk groups

PCV20 (APEXXNAR®) Pfizer 1, 3, 4, 5, 6A, 6B, 7F, 8, 9 V, 10A, 11A, 12F, 14, 
15B, 18C, 19A, 19F, 22F, 23F, and 33F

● Licensed for prevention of IPD and pneumonia 
caused by Streptococcus pneumoniae in 
individuals aged ≥18 years [22]

● Recommended for routine adult pneumococcal 
immunization program; available for all older 
adults aged ≥65 years and those aged <65 years in 
clinical risk groups* [23]

● The need for revaccination not yet established

PCV15 (VAXNEUVANCE®) Merck Sharp & Dohme 1, 3, 4, 5, 6A, 6B, 7F, 9 V, 14, 18C,19A, 19F, 
22F, 23F, and 33F

● Licensed for prevention of IPD and pneumonia 
caused by Streptococcus pneumoniae in infants, 
children and adolescents from 6 weeks to <18 
years of age and individuals aged ≥18 years [24]

● The need for revaccination not yet established

PCV13 (PREVENAR13®) Pfizer 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 
and 23F

● Licensed for Childhood Immunization Program, 
people aged ≥65 years, and clinical risk groups*

● Revaccination not recommended for routine 
immunization

● Additional dose may be recommended for indivi-
duals with severe immunocompromise*

PCV10 (SYNFLORIX®) GSK 1, 4, 5, 6B, 7F, 9 V, 14, 18C, 19F, and 23F ● Not currently recommended in the National 
Immunization Program

● Not currently available, marketed or in use

Next-generation pneumococcal vaccines in development
PCV30+ (VAX-31)** VAXCYTE, Inc. In pre-clinical development ● Not yet commercially available

PCV24 (namely AFX3772)† GSK 1, 2, 3, 4, 5, 6A, 6B, 7F, 8, 9 V, 9N, 10A, 11A, 
12F, 14, 15B, 17F, 18C, 19A, 19F, 20B, 22F, 

23F, and 33F

● Not yet commercially available

PCV21‡ Merck Sharp & Dohme 3, 6A, 7F, 8, 9N, 10A, 11A, 12F, 15A, 15C, 16F, 
17F, 19A, 20A, 22F, 23A, 23B, 24F, 31, 33F, 

and 35B

● Not yet commercially available

*Risk conditions defined in Green Book (2020) include chronic respiratory disease, chronic heart disease, chronic kidney disease, chronic liver disease, diabetes, 
immunosuppression, asplenia or splenic dysfunction, cochlear implants, cerebrospinal fluid leaks, and occupational risk (welding). High-risk conditions include 
asplenia, splenic dysfunction, and immunocompromising conditions caused by bone marrow transplant, acute and chronic leukemia, multiple myeloma, or genetic 
disorders (e.g. IRAK-4 or NEMO defects). 

**Behrens C, et al. Development of a next generation 30+ Valent Pneumococcal Conjugate Vaccine (VAX-XP) using site-specific carrier protein conjugation. Open 
Forum Infectious Diseases. 2021;8(Suppl 1):S615. doi: 10.1093/ofid/ofab466.1241 

†Chichili GR, et al. Phase 1/2 study of a novel 24-valent pneumococcal vaccine in healthy adults aged 18 to 64 years and in older adults aged 65 to 85 years. Vaccine. 
2022;40(31):4190–4198. doi: 10.1016/j.vaccine.2022.05.079 

‡Platt H, et al. Safety, tolerability, and immunogenicity of a 21-valent pneumococcal conjugate vaccine, V116, in healthy adults: phase 1/2, randomized, double- 
blind, active comparator-controlled, multicentre, US-based trial. Lancet Infect Dis. 2023;23(2):233–246. doi: 10.1016/S1473–3099(22)00526–6  

CKD, chronic kidney disease; IPD, invasive pneumococcal disease; PCV, pneumococcal conjugate vaccine; PPV, pneumococcal polysaccharide vaccine; UK, United 
Kingdom 
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undertaken in England between 1999 and 2017 showed the 
incidence of IPD was significantly higher among PLWHIV 
compared than the general population (incidence rate 
ratio: 14.6, 95% confidence interval [CI]: 13.9, 15.4, p <  
0.001) [60]. Of 1,453 PLWHIV who developed IPD during 
the study period, 70.0% developed IPD after ≥3 months of 
human immunodeficiency virus (HIV) diagnosis. Despite 
treatment with effective antiretrovirals, PLWHIV had 
a 4.5-fold higher rate of IPD incidence than the general 
population. Furthermore, 59.0% of IPD cases were caused 
by 11 PPV23 serotypes not covered by PCV13 (8, 12F, 9N, 
10A, 22F, 15B/C, 11A, 15B, 17F, and 33F) [60]. It should be 
noted that these serotypes are included in PCV20 with the 
exception of 9N and 17F. These data indicate that higher- 
valent pneumococcal vaccines could offer broader protec-
tion against PD and highlight the importance of continuing 
to offer pneumococcal vaccines to PLWHIV according to the 
national recommendations.

The 2021 PPV23 coverage report published by the UK 
Health Security Agency (UKHSA) suggested that the rate of 
pneumococcal vaccination (PV) uptake in eligible adults was 
suboptimal, particularly among those with risk conditions [58]. 
PCV13 coverage in those UK adults with very-high-risk condi-
tions is currently not recorded. In England, PPV23 coverage 
was 70.6% in all adults aged ≥65 years who were vaccinated at 
any time up to March 2021. Data by age group showed that 
PPV23 coverage in adults aged 65 years was only 34.2% and 
increases with age (from 45.2% in adults aged 66 years to 
83.0% in adults aged ≥75 years). These data indicate that 
two thirds of individuals are not immunized in the year 
when they become eligible but in the subsequent years. 
Increasing vaccine coverage in older age groups suggests 
that opportunistic vaccination of PPV23 continues to be 
offered to adults aged ≥66 years in primary care [58], high-
lighting the importance of GP’s awareness of eligibility for 
PPV23 and responsibility for routine monitoring of vaccine 
coverage/uptake. Furthermore, PPV23 coverage in at-risk indi-
viduals aged 2–64 years varied by risk category, ranging from 
38.5% (chronic liver disease [CLD]) to 70.7% (cochlear 
implants) [58]. Lower levels of vaccine uptake were observed 
in eligible individuals with certain risk conditions, such as CSF 
leaks (38.9% of 5,294 eligible individuals), asplenia or splenic 
dysfunction (39.1% of 342,938 eligible individuals), immuno-
suppression (39.1% of 1,034,001 eligible individuals), and CHD 
(43.3% of 835,750 eligible individuals) [58]. Overall, PPV23 
coverage was below the national standard target of 75% 
[61]. In those with asplenia, splenic dysfunction or chronic 
kidney disease (CKD), PPV23 coverage is expected to achieve 
100% as they should be vaccinated every five years [3], but the 
uptake is low. Differences in PPV23 coverage across risk 
groups were likely attributable to variations in clinicians’ 
awareness of eligibility of PPV23 according to clinical indica-
tion [58]. Despite several automated systems used to identify 
patients in primary and secondary care in current practice, 
there are some barriers to be addressed to increase vaccina-
tion uptake, including vaccine hesitancy relating to awareness 
of and attitudes (complacency, trust) toward vaccinations and 
access (convenience) to routine vaccinations [62].

Compared with vaccine coverage data published by the 
UKHSA, uptake rates among risk groups reported in the literature 
were lower [63,64] (Table S2). For example, Matthews et al. 
(2020) reported that in the UK, the rate of vaccination in risk 
groups rose from 13.6% to 32.0% between 2011 and 2015 [64]. 
Individuals with CHD, CKD, CLD, chronic respiratory disease 
(CRD), or diabetes were significantly less likely to be vaccinated 
than those with immunosuppression [64]. Vaccination uptake 
also varied by risk group and the lowest uptake rate included 
individuals with CSF leaks/shunts [63,64]. Factors influencing PV 
uptake were age, gender, ethnicity, region, whether individuals 
have additional clinical risk factors, and whether individuals are 
receiving annual influenza vaccination [63,64].

Patients with rheumatoid arthritis (RA) are eligible for pneu-
mococcal vaccines, as treatment with disease modifying anti- 
rheumatic drugs and corticosteroids for RA is known to 
increase the susceptibility to infection [3]. However, rates of 
vaccine coverage remain low in this risk group [65–68] (Table 
S2). Costello et al. (2016) reported that only 50.0% of patients 
with RA received a PV during the 5-year follow-up period [68]. 
A UK audit study further found that significantly fewer 
patients on major immunosuppressants received or were 
offered pneumococcal immunization than those with other 
risk factors, despite a high rate of awareness of immunization 
[65]. These findings suggest that patients with RA may not 
have been appropriately targeted for pneumococcal immuni-
zation by primary care physicians, highlighting the importance 
of physicians’ awareness and education and organizational 
factors in individual practices for achieving optimal vaccine 
coverage. Global PV coverage also remains low in RA patients: 
PPV23 coverage within the recommendations across 17 coun-
tries was only 17.2%, with large disparities in vaccination 
uptake across countries [67]. Factors consistently identified 
to be associated with higher PPV23 uptake in RA patients 
included older age (>65 years), prescription of DMARDs, and 
more comorbidities or additional risk factors [65–68] 
(Table S2).

Currently, there is a lack of robust official data on PV uptake 
among some of the high-risk groups in the UK, particularly in 
PLWHIV. In the BHIVA vaccination guidelines published in 
2015, PCV13 vaccination is recommended for all PLWHIV, 
and those who meet the indications for PPV23 vaccination 
within the national program (typically aged ≥65 years or with 
a comorbidity other than HIV as defined in the Green Book) 
should follow general guidance and also receive a single dose 
of PPV23 at least 3 months after PCV13 [69]. Prior to the recent 
BHIVA guidelines all PLWHIV were recommended to receive 
a single dose of PPV23; however, uptake was low. Thornhill 
et al. (2015) reported that only one out of 189 PLWHIV 
infected with IPD had a record of PV [59] (Table S2). 
A service evaluation project at James Cook hospital, 
Middlesborough sought to evaluate the utility of a vaccine 
passport for PLWHIV [70]. This found that the uptake of pneu-
mococcal vaccine (PCV13 in accordance with BHIVA guide-
lines) increased from 16.0% to 51.0% following the 
introduction of a vaccine passport [70].

Lastly, hematopoietic stem cell transplant (HSCT) recipients 
are at significant risk of PD due to adaptive immune defect 
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post-HSCT [71]. Joint international/national guidelines there-
fore recommend a comprehensive course of revaccination 
schedule for HSCT recipients [71]. While in the UK, there is 
no revaccination schedule in place for adult HSCT recipients 
and poor vaccination uptake in HSCT recipients has been 
demonstrated [72]. Factors affecting uptake include insuffi-
cient evidence to inform detailed practical guidance, varia-
tions within existing guidelines, and practical challenges of 
implementing international recommendations at national 
levels [72]. To address these issues, a joint consensus state-
ment has established a standardized revaccination schedule 
for adult and pediatric HSCT recipients in the UK: a 3-dose 
primary schedule is recommended for all HSCT recipients from 
3 to 6 months post-HSCT followed by a booster dose given at 
18 months post-HSCT with either PCV13 or PPV23 [72]. These 
findings underline that robust vaccination programs are 
needed to optimize vaccine uptake, and vaccination post- 
HSCT to prevent PD remains a priority.

Overall, evidence suggests that there is a large gap in the 
PPV23 and PCV13 uptake among risk groups eligible for these 
vaccines. Poor compliance with UK guidelines on the immuni-
zation of at-risk individuals, and poor adherence to timely 
vaccination may continue to be challenging in the long term.

3.2. Factors affecting vaccine delivery/uptake and 
strategies for optimization

Although the adult pneumococcal immunization program is 
well established in the UK, the vaccination uptake remains low 
among risk groups. Inadequate knowledge, negative attitudes, 
and low levels of awareness among patients and healthcare 
providers remain key factors affecting PV uptake [58,73,74]. 
Results from a single center retrospective study showed that 
the rate of vaccination uptake in patients on dialysis within 
the last five years was significantly lower than the national 
average in high-risk groups in 2011 (22.0% versus 53.0%, p <  
0.0001) [75] (Table S2). In this cohort, only 3.0% were up to 
date with PV. Sites of vaccination may also affect vaccination 
uptake; for instance, the dialysis unit was the preferred site of 
vaccination by most of the dialysis patients and GPs inter-
viewed due to patients’ regular visits [75]. Other key barriers 
to vaccine uptake include system organization and accessibil-
ity issues (e.g. geographical barriers), competing priorities in 
healthcare practices, incomplete or inaccessible documenta-
tion of vaccination records, and healthcare system delivery 
challenges [73,74].

Given the significant burden of PD and low levels of pneu-
mococcal vaccination among risk groups, strategies to 
improve pneumococcal vaccine uptake are required. For 
instance, strategies targeting organizational factors may help 
to achieve optimal uptake. A UK audit study demonstrated 
that practices could achieve or exceed national targets for PV 
uptake rates for disease-specific risk groups through audit, 
feedback, and written advice on strategies for organizational 
change [76] (Table S2). After implementation of several meth-
ods to increase vaccination rates across 14 practices (e.g. 
accurate registers for high-risk groups, reminder systems, and 
practitioner protocols and reminders), rates of PV uptake sig-
nificantly improved in patients with CHD (p = 0.002), diabetes 

(p < 0.001) and splenectomy (p = 0.03) and were comparable 
to the median standards set up across these practices [76]. 
Combined interventions tailored to overcome practice-specific 
barriers and approaches targeting individuals (e.g. improving 
awareness and knowledge of vaccination and attitudes toward 
immunization among patients and GPs) may be effective to 
optimize vaccine uptake. Indeed, most patient advocacy 
groups have endeavored to address vaccination uptake in 
risk groups through information sheets, websites and cam-
paigns to enhance patients’ and GPs’ awareness and knowl-
edge [77,78] – these efforts were amplified during the COVID- 
19 pandemic [79].

Maintaining funding for national vaccination programs is 
crucial for decreasing practice-associated barriers and improv-
ing patient access to vaccines. In the current landscape, fund-
ing is only available to support vaccination programs within 
primary care settings. As of April 2021, a new GP contract has 
been introduced to support the delivery and organization of 
vaccination and immunization services across UK primary care, 
and vaccination and immunization services have become an 
Essential Service for most routine National Healthcare Service 
(NHS)-funded vaccinations including pneumococcal vaccina-
tion (programs out of scope include the adult and childhood 
seasonal influenza program and the COVID-19 program which 
remain a Directed Enhanced Service) [80]. This change will 
undoubtedly improve PV delivery/uptake. Although opportu-
nistic vaccination has been demonstrated to be a potential 
route to improve vaccination delivery/coverage during the 
COVID-19 pandemic, it is relatively rarely administered in sec-
ondary care despite many existing opportunities to do so for 
high-risk patients. Overall, pneumococcal vaccine uptake in UK 
adults in risk groups remains low; initiatives are needed to 
improve vaccine delivery.

4. Potential to expand risk group recommendations 
in the UK

Gaps remain in definitions of clinical risk groups in current UK 
vaccination guidelines. Understanding how certain disease 
state or factors increases risks of PD is critical for identifying 
additional populations at risk of PD. The following sections 
summarize evidence that may be used to help identify new 
risk factors for PD and to support the expansion of risk group 
definitions.

4.1. Risk stacking

The impact of concomitant, multiple risk factors (‘risk stack-
ing’) for PD on clinical outcomes has been evaluated in the UK 
[6], US [81], and Germany [82]. Growing evidence has shown 
that an increasing number of underlying medical conditions is 
associated with a higher risk of PD and worse clinical out-
comes, e.g., the risk of PD among individuals with two or more 
comorbidities is significantly higher than those with a single 
high-risk condition [6,81,82]. The concept of ‘risk stacking’ 
however is not yet formally recognized within the UK vaccina-
tion guidelines.

Using healthcare data in England, Van Hoek et al. (2012) 
confirmed that having one or more underlying clinical 
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conditions markedly increased the risk of hospital admission 
for IPD across all age groups (children aged 2–15 years, OR 
[95% CI]: 11.7 [10.2, 13.3]; adults aged 16–64 years, OR [95% 
CI]: 7.6 [7.3, 7.9]); adults aged ≥65 years, OR [95% CI]: 2.7 [2.6, 
2.8]). The case fatality ratio (CFR) was higher in those with 
underlying clinical conditions versus those without risk condi-
tions across all age groups. Notably, the highest CFR was 
observed among patients with liver disease aged ≥65 years 
(53.0%) whereas the lowest CFR was seen in non-risk children 
(1.8%). These findings revealed a ‘risk-stacking’ phenomenon 
among risk groups [6].

The effect of risk-stacking on clinical outcomes was evalu-
ated by Shea et al. (2014), using US healthcare medical claims 
data. In at-risk individuals, absolute rates of all-cause pneumo-
nia significantly increased with the accumulation of concomi-
tant at-risk conditions and were progressively higher with 
increasing age. Of all age groups, the risk-stacking effect was 
most pronounced among adults aged 18–49 years; rate ratio 
increased from 2.5 (95% CI: 2.5, 2.5) in those with one at-risk 
condition to 6.2 (95% CI: 6.1, 6.3) in those with two at-risk 
conditions, and 15.6 (95% CI: 15.3, 16.0) in those with ≥3 at- 
risk conditions [81]. Furthermore, using German claims data, 
Pelton et al. (2015) reported that rate ratios of all-cause pneu-
monia among children with risk conditions increased with the 
number of risk conditions compared with healthy counterparts 
[82]. Among younger children aged <5 years, the rate ratio 
increased from 1.5 (95% CI: 1.5, 1.5) for those with one condi-
tion to 4.7 (95% CI: 4.6, 4.7) for those with ≥3 conditions; 
among older children (5–17 years), the rate ratio increased 
from 2.0 (95% CI: 1.9, 2.1) to 11.3 (95% CI: 11.0, 11.5). Similar 
patterns for adults were reported. Among adults aged 18–49  
years, the rate ratio increased from 1.9 (95% CI: 1.8, 2.0) for 
those with one condition to 6.2 (95% CI: 5.9, 6.4) for those 
with ≥3 conditions; among adults aged 50–59 years, the rate 
ratio increased from 1.7 (95% CI: 1.6, 1.8) for those with one 
condition to 5.2 (95% CI: 5.0, 5.3) for those with ≥3 conditions; 
among those aged ≥65 years, the rate ratio increased from 1.8 
(95% CI: 1.7, 1.9) for those with one condition to 4.6 (95% CI: 
4.5, 4.7) for those with ≥3 conditions [82]. Both studies showed 
that rate ratios of all-cause pneumonia in individuals with ≥2 
risk conditions were comparable with or higher than rates in 
individuals with a high-risk condition and that rates in indivi-
duals with ≥3 risk conditions were substantially higher than 
those in high-risk individuals.

4.2. Guidelines in other countries

Given the high disease burden of PD, national vaccination 
guidelines have been implemented worldwide. Vaccination 
guidance varies across countries by type of vaccine, dosing 
sequence (including intervals between doses), age, and risk 
groups deemed eligible for PV [83]. Comparison of vaccination 
guidelines across countries of interest is summarized in 
Table 3.

In risk-based guidelines, there are variations in risk factors 
indicated for PV across countries. For instance, the occupa-
tional risk group eligible for vaccination in the UK and 
Germany is limited to welders and metal workers [87], whereas 
occupational risk factors are currently not included in France 

[86]. In the US, individuals living in special environments or 
social settings (including Alaska Native, Navajo, and White 
Mountain Apache populations) are considered for vaccination 
[84]. In Canada, adult residents in long-term care facilities are 
deemed eligible for vaccination [88]. In Australia, vaccination 
of aboriginal and Torres Strait Islander people aged ≥50 years 
without risks conditions is recommended as they are at higher 
risk of PD compared with non-indigenous adults [90].

Specific recommendations for surrogates of comorbidity, 
e.g., smoking, alcoholism, illicit drug use and homelessness, 
are not issued in the UK, whereas some of these risk factors 
are included in the other countries’ vaccination guidelines 
such as US, Canada and New Zealand (Table 3). Arguably, 
the most vulnerable individuals in these risk groups will be 
vaccinated under current UK guidelines; for example, where 
alcoholism has progressed to liver disease or lung disease has 
developed in smokers, despite no formal recommendation. 
Nevertheless, early vaccination of individuals with lifestyle 
risk factors before the associated diseases progress to the 
later stages would be preferable.

Age-based vaccination guidelines involve the vaccination 
of all older adults after a certain age, with a small variation in 
the recommended starting age of vaccination [83] (Table 3). 
For healthy older adults, eligible age for PPV23 ranges from 
≥60 years in Germany, to ≥65 years in most countries (includ-
ing UK, US, Canada and New Zealand), and to ≥70 years in 
Australia [3,83,84,87,90–92]. In contrast, vaccination of healthy 
older adults is not recommended in France, unless individuals 
have certain underlying comorbidities [83]. Indeed, older 
adults (≥65 years) are more susceptible to PD due to immu-
nosenescence (e.g. increased susceptibility to infections and 
poor responses to vaccines) and present worse clinical out-
comes than younger adults [93]. Earlier vaccination may be 
preferable.

In addition to PPV23, PCV13 is provided for all adults aged 
≥65 years without risk conditions in the US, Canada and New 
Zealand, but not in the UK, France and Germany despite being 
introduced in the National Childhood Immunization Program 
(Table 3). As of January 2022, the US Advisory Committee on 
Immunization Practices (ACIP) recommends the use of PCV15 
in series with PPV23 or PCV20 alone in PCV-naïve adults aged 
≥65 years or adults aged 19–64 years with certain medical 
conditions [85]. In 2023, the Canadian and Australian guide-
lines have also been updated to introduce these two next- 
generation vaccines [89,90]. As of June 2023, the JCVI recom-
mends to include PCV20 alongside PPV23 in the routine vac-
cination program for adults aged ≥65 years and all adults in 
risk groups [23].

4.3. Identification of new risk factors

As the population ages, multimorbidity becomes more pre-
valent and certain health conditions are more common in 
different life stages [94]. Using phenotyping algorithms to 
map the course of the 50 most common health conditions 
at different life stages, Kuan et al. (2019) illustrated that: 
hypertension and dyslipidemia commonly occurred in indi-
viduals aged 40–49 years; cancer and type 2 diabetes were 
prominent in individuals aged 60–79 years; CVD and renal 
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disease became more common in individuals aged ≥80  
years [94]. These findings imply that clinical risk groups for 
PD with multiple underlying conditions are likely to expand 
with an aging population.

Despite the comprehensive list of risk conditions for PD as 
defined in the Green Book, some risk factors that are currently 
not included in the guidelines could also predispose indivi-
duals to respiratory infections including PD and lead to severe 
outcomes. These risk factors include prevalent diseases (e.g. 
COVID-19 infection, stroke, dementia) [95,96], prescription of 
certain medication (e.g. proton pump inhibitors) [97], and 
lifestyle or environmental factors (e.g. cigarette smoking, vap-
ing, alcoholism, occupational exposure to inorganic dust or 
fumes) [98–101]. Among these risk factors, alcoholism and 

smoking could be considered for the UK guidelines as local 
data suggest potential associations with IPD and recurrent 
hospitalization with pneumonia [98–100].

Evidence exists that occupational or environmental expo-
sures to inorganic dust and fumes (including tobacco smoke) 
increase the risk for IPD [101–103]. A 5-year cumulative occu-
pational exposure to silica dust or fumes was associated with 
over two-folds of risk of IPD with pneumonia [101]. Tobacco 
smoking, passive smoking among non-smokers, and vaping 
are strong independent predictors for IPD, while cessation of 
tobacco smoking reduced the risk IPD [102–104]. These find-
ings suggest that efforts should be made to reduce environ-
mental or occupational exposures to dust and fumes and 
control tobacco smoke and vaping. The use of pneumococcal 

Table 3. Comparisons of pneumococcal vaccination guidelines across countries.

Country/Region UK US France Germany Canada Australia New Zealand

References [3,23] [84,85] [86] [87] [88,89] [90] [91]

Vaccines recommended in current guidelines
PPV23 ✓ ✓ ✓ ✓ ✓ ✓ ✓
PCV13 ✓ ✓ ✓ ✓ ✓ ✓ ✓
PCV15 ✓ ✓ ✓ ✓
PCV20 ✓* ✓ ✓ ✓

Structure
Childhood pneumococcal vaccination program ✓ ✓ ✓ ✓b ✓ ✓ ✓
Age-based guidelines ✓a ✓a, b, c ✓d ✓a ✓a, b, c ✓a, b ✓a, c

Risk-based guidelines ✓ ✓ ✓ ✓ ✓ ✓ ✓
Risk groups included in current guidelines

Asplenia/splenic dysfunction ✓ ✓ ✓ ✓ ✓ ✓ ✓
Immunosuppression ✓ ✓ ✓ ✓ ✓ ✓ ✓
Chronic respiratory disease ✓ ✓ ✓ ✓ ✓ ✓ ✓
Chronic heart disease ✓ ✓ ✓ ✓ ✓ ✓ ✓
Chronic liver disease ✓ ✓ ✓ ✓ ✓ ✓ ✓
Chronic Kidney disease ✓ ✓ ✓ ✓ ✓ ✓ ✓
Diabetes ✓ ✓ ✓ ✓ ✓ ✓ ✓
Cochlear implants ✓ ✓ ✓ ✓ ✓ ✓ ✓
CSF leaks ✓ ✓ ✓ ✓ ✓ ✓ ✓
Occupational risks (exposure to metal fumes, i.e. welders and metal workers) ✓ ✓

Additional risk groups
Persons living in special environments or social settings ✓e

Residents of long-term care facilities ✓
Certain ethic groups (indigenous people) ✓f

Smoking ✓ ✓ ✓
Alcoholism ✓ ✓ ✓
Illicit drug use ✓
Homelessness ✓

Risk-stacking concept
≥2 risk conditions (Recommended)g ✓

*As of June 2023, PCV20 is recommended for adult pneumococcal immunization program by the UK Joint Committee on Vaccination and Immunisation, and it is 
now available for adults ≥65 years and all adults in clinical risk groups as defined in the Green Book (2020). 

aPPV23 vaccination of healthy older adults is recommended. Eligible age: ≥60 years for Germany; ≥65 years for UK, US, Canada and New Zealand; ≥70 years for 
Australia. Revaccination of PPV23 every five years is recommended for most countries, while Germany recommends revaccination with PPV23 at intervals of at 
least 6 years. In the UK, revaccination of PPV23 is only recommended for the highest risk group of IPD, including those with asplenia, splenic dysfunction and 
chronic kidney disease. 

bIn the US, PCV20 alone or PCV15 following a dose of PPV23 is recommended for vaccine-naïve adults aged ≥65 years and adults aged 19–64 years with certain 
medical conditions or risk factors. In Canada and Australia, PCV20 (or PCV15 following a dose of PPV23 as an alternative option) is recommended for vaccine-naïve 
adults aged ≥65 years and those aged 18–64 years with risk conditions. In Germany, PCV15 is currently recommended for use in children and adolescents aged 2– 
17 years. 

cPCV13 is recommended for use in all healthy adults who are aged ≥65 years without risk conditions. In the US, if the decision is made to administer PCV13, it 
should be given at least 1 year before PPV23. In Canada and New Zealand, it is recommended that a dose of PCV13 should be given first followed by PPV23 at 
least 8 weeks later. 

dPPV23 vaccination is only recommended for adults aged ≥18 years with certain medical conditions; revaccination every five years is recommended. 
eIncludes Alaska Native, Navajo, and White Mountain Apache populations. 
fIndigenous population includes aboriginal and Torres Strait Islander people. 
gPCV13 and PPV23 are recommended but not funded for the following individuals: immunocompetent adults (aged ≥18 years) at increased risk of pneumococcal 

disease or its complications due to chronic illness (e.g. chronic heart, renal, liver or pulmonary disease, diabetes or alcohol dependency); adults with CSF leaks; 
immunocompromised adults at increased risk of pneumococcal disease (e.g. those with nephrotic syndrome, multiple myeloma, lymphoma and Hodgkin’s 
disease); individuals of any age who have had one episode of invasive pneumococcal disease; smokers. CSF, cerebrospinal fluid; PCV, pneumococcal conjugate 
vaccine; PPV23, pneumococcal polysaccharide vaccine; UK, United Kingdom; US, United States. 
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vaccines could also be considered for UK populations with 
such exposures to help prevent PD.

Several socioeconomic and demographic characteristics are 
also associated with increased risk of PD infection, including 
living with children aged <6 years who attend day-care cen-
ters, low educational level, low income, and household crowd-
ing [102]. In addition, accumulated evidence showed that 
homeless people are at higher risk of PD compared with the 
general population, potentially associated with deprivation, 
poor living and access to healthcare services, and higher 
rates of chronic alcohol abuse, illegal drug use and tobacco 
smoking [105–108]. Currently, PPV23 vaccination of the home-
less is only recommended in Canada (Table 3). More research 
is required to support the consideration of prioritizing vacci-
nation for populations with these characteristics in the UK 
vaccination guidelines.

Occupational risks in the current UK guidelines cover 
welders or metal workers [3]. However, other professional 
activities involving close contact with people with respiratory 
disease could be considered as relevant for vaccination 
(including individuals working in residential care homes, 
elderly care wards, oil rigs, prisons, those living in inner city 
high pollution settings and healthcare workers), as they are at 
higher risk of exposure to respiratory infections [109–111]. 
Indeed, several measures were implemented to control infec-
tions during outbreaks, including isolation, hand/respiratory 
hygiene practice, personal protective equipment, and use of 
antimicrobials [110]. Utilizing vaccination would be more stra-
tegic for employers to prevent PD and its severe outcomes.

In certain patient groups, clinical characteristics and prior 
history of disease exacerbation may increase patients’ suscept-
ibility to PD. In patients with chronic obstructive pulmonary 
disease (COPD), for whom PPV23 is recommended in the UK, 
those who had moderate airflow limitation and heightened 
cardiovascular risk, factors including prior exacerbation history 
of COPD, body mass index <25 kg/m2, and greater impairment 
of lung function (FEV1 <60%), were strongly linked to pneu-
monia risk [112]. This study indicates that risk of PD could vary 
within patient group and the risk assessment for PD may be 
tailored based on individual clinical characteristics.

Moreover, evidence showed that frailty and Charlson 
Comorbidity Index (CCI) score may serve as prognostic factors 
for severe clinical outcomes of respiratory diseases (e.g. hos-
pitalization, intensive care unit [ICU] admission, deaths) 
[5,100,113,114]. Szakmany et al. (2021) assessed the influence 
of frailty on mortality in patients with pneumonia in Wales 
between 2010 and 2018. Results showed that increased frailty 
scores (assessed by either electronic frailty index or hospital 
frailty risk score) were significant risk factors for ICU admission 
and in-patient mortality among patients with pneumonia 
[113]. A study using the Clinical Frailty Scale found that frailty 
was an independent predictor for 1-year in-hospital mortality 
for CAP among older patients aged ≥65 years [114]. Similarly, 
CCI could be a strong predictor for adverse outcomes of PD. 
Trotter et al. (2008) demonstrated that higher CCI scores were 
significantly associated with increased odds of 30-day in- 
hospital mortality among patients with pneumonia in 
England, after controlling for known confounders (odds ratio 
(OR) [95% CI] for mild, moderate and severe CCI: 1.6 [1.6, 1.6], 

2.5 [2.4, 2.5], 3.7 [3.7, 3.8]). Szakmany et al. (2021) also reported 
that higher CCI score was significantly linked to higher odds of 
ICU admission (OR: 2.6, 95% CI: 2.5, 2.8) and in-hospital mor-
tality (OR [95% CI] for CCI 1–10: 1.2 [1.1, 1.2], CCI > 10: 2.5 [2.4, 
2.6]). Frailty and multimorbidity are likely to increase notably 
in the UK population in the coming decades.

These findings indicate that the risk categories currently 
defined in the UK vaccination guidelines may need to be 
revised to better manage and prevent clusters of PD, e.g., 
including additional risk conditions (e.g. COVID-19 infection, 
stroke, dementia and illicit drug dependency), expanding 
occupational risks (e.g. healthcare workers) and considering 
vaccination of hospitalized patients with worse frailty and 
morbidity scores.

Overall, there is a lack of international consensus around 
risk group definitions. To address this gap, there may be an 
opportunity to develop a tool for identifying individuals who 
are at risk of PD and severe outcomes after respiratory infec-
tion. In 2020, a novel risk assessment tool, QCovid®, was 
developed to predict severe outcomes of COVID-19 infection 
using a data-driven approach; factors including age, medical 
conditions, vaccination status and background infection rate 
are included to establish a risk prediction model [115]. 
A similar digital tool/calculator may also be considered to 
identify risk groups for PD.

Lastly, vaccine programs in the UK must be shown to be 
cost-effective nationally to justify their introduction, and there-
fore modifying eligible groups for routine vaccination requires 
a minimum evidence base to assess this. There will also be 
a budgetary impact due to the change in the number of 
patients eligible for vaccination. During the COVID-19 pan-
demic, non-pharmaceutical interventions (i.e. mask wearing 
and isolation) that were intended to limit the spread of SARS- 
CoV-2 had a profound impact on other respiratory infections, 
including the pneumococcus. However, public willingness to 
routinely adopt such measures, particularly on an ongoing 
basis, is questionable and vaccination is perhaps a more prag-
matic intervention.

5. Current environment

PD causes a significant burden in adults in the UK, despite 
a relatively high level of health preventive and intervention 
measures and treatment guidelines [4,26,38]. An understand-
ing of the current landscape and wider challenges and identi-
fying any unmet needs for the management of PD – especially 
in high-risk groups – will be crucial to help address the resur-
gence and burden of PD.

5.1. Epidemiological trends of PD before and after the 
pandemic

Despite the substantial reduction in the IPD cases over time 
achieved by the well-established routine childhood PCV pro-
gram in the UK, the overall incidence of IPD has increased 
since 2013/2014, driven by a rapid increase in non-vaccine 
serotypes and mainly in the older age groups (≥65 years) 
[26]. Similarly, there has been an increasing trend of the 
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incidence of pneumococcal septic arthritis (an uncommon 
form of IPD) in older adults and those with underlying comor-
bidities over the last decade, primarily caused by non-vaccine 
serotypes and PPV23/non-PCV13 serotypes [17]. However, the 
epidemiological landscape of the pneumococcus recently 
changed dramatically with the emergence of SARS-CoV-2 
and non-pharmaceutical interventions that were intended to 
limit the spread of this virus.

Following the introduction of non-pharmacological interven-
tions in March 2020, large reductions in IPD were subsequently 
concomitantly observed across all age groups in England [13]. 
As the third national lockdown was lifted in July 2021 in 
England, the incidence of IPD in those aged <15 years rapidly 
increased to exceed the levels observed before the COVID-19 
pandemic [116]. However, levels of IPD in UK adults have re- 
emerged more slowly and have not yet returned to pre- 
pandemic levels [117]. A similar pattern of epidemiological 
trends for IPD was reported in Germany: the incidence of IPD 
across all age groups largely declined coinciding with the imple-
mentation of national COVID-19 measures in 2020 and has 
exceeded the pre-pandemic levels (2015–2019) after national 
COVID-19 restrictions were lifted in 2021 [118]. Despite these 
temporal changes in IPD epidemiology as a consequence of 
COVID-19 pandemic, distribution of serotypes has remained 
consistent and reflects those observed before the COVID-19 
pandemic in the UK and Germany [13,118,119]. Insight into 
how pneumococcal pneumonia in the UK was impacted 
remains limited although there is evidence suggesting that 
incidence of non-SARS-CoV-2 related all-cause hospitalized 
CAP remained largely unaltered [17].

5.2. Pressure on the healthcare system

PD imposes a significant economic burden on the NHS in the 
UK. The estimated mean costs of hospitalization for CAP in 
2019 was £3,904 per adult, accounting for a total cost of 
£731 million per annum to the NHS [120]. For those receiving 
critical care, the mean cost was £11,654 per person. The mean 
costs for hospitalized CAP varied by risk group, ranging from 
£4,458 for patients with diabetes to £5,215 for those with CHD 
aged <65 years, and £4,356 for those with CHD to £4,751 for 
those with CLD aged >65 years [120]. However, the costs for 
PD could be underestimated especially for patients aged ≥65  
years due to complications which contribute to additional 
costs [42]. The COVID-19 pandemic has also significantly 
increased the pressure on the NHS, and limited its ability to 
deliver patient care because of absence of staff due to isola-
tion and long-term illness post infection [121,122].

Therefore, improved pneumococcal vaccine uptake in older 
adults aged ≥65 years or those with the highest risk of PD with 
higher-valent PCVs could contribute to relieving the continu-
ous pressure on the NHS [42], and more importantly, to help 
reduce mortality in hospitalized patients and those with 
unrecognized/undocumented PD in the community.

5.3. Concerns on antimicrobial resistance

Antimicrobial resistance (AMR) is now a widespread, urgent 
global public health threat of high priority to the WHO and 

wider global society [123]. Many adults in risk groups have 
a heightened risk of intercurrent infections including respira-
tory tract infections which are the leading clinical indication 
for antibiotic prescriptions in both primary and secondary care 
worldwide [124,125]. Antibiotics such as co-amoxiclav and 
cephalosporins are known to be important contributors to 
AMR [126].

Given that pneumococcal infection is a leading cause of 
LRTIs worldwide (responsible for 197.05 million episodes and 
1,189,937 deaths in 2016) [1], the use of vaccines can help to 
address the global issue of AMR through direct and indirect 
effects including [123]:

● prevention of bacterial/viral infections and viral diseases 
prone to bacterial coinfections or superinfections requir-
ing antibiotics,

● its mechanism of actions less prone to inducing 
resistance,

● reducing incidence of infections and hence decreasing 
antimicrobial use,

● prevention of resistant strains from occurring and 
spreading, and

● prevention of antimicrobial misuse.

Evidence revealed that universal coverage by PCVs in children 
aged <5 years led to approximately 47.0% reduction in the 
amount of antimicrobials used for pneumococcal infections 
[127]. Utilizing PCVs also reduced 64.0% of AMR pneumococ-
cal infection in children and 45.0% in adults aged ≥65 years in 
2011 in the US [127]. The significant impact of PCVs on the 
control of AMR through restricting the need of antimicrobials 
and reducing the incidence of resistant strains in other coun-
tries has also been reported [128]. These studies highlight the 
important role of vaccinations in the prevention of PD from 
occurring and spreading as well as addressing the global issue 
of AMR.

6. Conclusion

The UK JCVI now recommends that PCV20 may be used in 
addition to PPV23, with a number of even higher valency 
conjugate vaccines in development that may become avail-
able for consideration in the future. Despite the well- 
established UK immunization programs and guidelines, uptake 
of PPV23 among clinical risk groups and all adults aged ≥65  
years remains unsatisfactory. Improving pneumococcal vac-
cine uptake in adult risk groups is therefore critical to ensure 
they are optimally protected. Thereby, national strategies are 
urgently required to optimize vaccination access and cover-
age. In light of growing evidence, a number of gaps exist in 
risk group definitions in current vaccination guidelines which 
should now be revised to cover wider populations at risks 
of PD.

7. Expert opinion

Whilst it is well established that individuals with a range of 
underlying comorbidities are at an increased risk of pneumo-
coccal disease, more robust, detailed evidence is needed. 
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Detailed insight into incidence in risk-group patient popula-
tions is lacking, particularly relating to pneumococcal pneu-
monia. COVID-19 highlighted the need to better understand 
the spectrum of comorbidities that increase the risk of respira-
tory tract infections. Given this, there could be a benefit from 
a reassessment of the risk groups that are currently eligible for 
pneumococcal vaccination. Furthermore, the increased likeli-
hood of pneumococcal infection in patients with multiple risk 
factors suggests that risk stacking should be taken into con-
sideration when making recommendations for pneumococcal 
vaccines.

Viral-bacterial coinfections and superinfections are relatively 
common, as preceding or concurrent viral infection of the 
respiratory tracts is widely known to increase the susceptibility 
to secondary bacterial coinfection, or vice versa [129,130]. Viral- 
bacterial coinfections are often synergistic, leading to adverse 
outcomes [130,131]. Recent evidence showed that individuals 
aged ≥65 years who had received PCV13 had a lower incidence 
of COVID-19 infections, hospitalization and mortality compared 
with non-PCV13 recipients [131]. These findings not only suggest 
a possible synergistic interaction between pneumococci and 
SARS-CoV-2, but also highlight some protection afforded by 
PCV13 against the outcomes of COVID-19 [131]. Given the pre-
sence of several common pandemic viral pathogens including 
SARS-CoV-2, respiratory syncytial virus and influenza viruses, 
prevention of PD becomes increasingly important to avoid sub-
sequent burden of respiratory diseases caused by viral-bacterial 
coinfections.

There is a financial incentive in place to encourage GPs to 
vaccinate UK adults at risk of pneumococcal infection, i.e., 
adults aged ≥65 years or those in risk groups aged 2–64  
years. Data suggest that uptake varies significantly by risk 
factor and overall uptake is currently low in adults in risk 
groups but higher in adults eligible for the age-based recom-
mendation. This demonstrates the success of implementing 
age-based recommendations and the challenges regarding 
recommendations for specific groups within the population. 
Current pneumococcal vaccination uptake in risk groups is 
only reported broadly and is not stratified by risk. Improved 
vaccine uptake data stratified by specific risk groups would be 
valuable as it could help to highlight those risk groups where 
uptake is particularly low at present. This may in part reflect 
a poor understanding and awareness by both the general 
public and some healthcare professionals of the threat posed 
to patients in risk groups by pneumococcal infections or other 
factors such as concern regarding the efficacy of PPV23.

The recent JCVI recommendation to include PCV20 in addi-
tion to PPV23 for UK adults at increased risk of PD provides an 
opportunity to improve the protection they receive against PD. 
With several even higher valency PCVs in development, it is 
anticipated that in the future it may be possible to further 
improve the extent to which UK adults risk groups are protected 
against PD. The ability of a single dose of PPV23 to provide long- 
term protection, particularly for younger adult patients with risk 
factors is questionable and needs further research.

The NHS is facing capacity challenges particularly following 
the COVID-19 pandemic, so all opportunities to help prevent 
infection should be taken. In addition to ensuring that adults 

with underlying comorbidities are protected against influenza 
and COVID-19, all opportunistic efforts should be made to 
ensure adults at increased risk of PD also receive 
a pneumococcal vaccine.

The response to the COVID-19 pandemic highlighted the 
variety of ways in which vaccines can be provided to the public, 
including those at increased risk of respiratory disease. Learnings 
from this experience and the use of the associated and existing 
vaccination program framework, should be applied to optimize 
the delivery of pneumococcal vaccines to adults in risk groups.

Infectious disease control and prevention is the responsibility 
of everyone involved in patient care and helps to mitigate AMR. 
Whenever patients in pneumococcal risk groups see their spe-
cialist consultant or present acutely to hospital care, there is an 
opportunity to review their vaccine status. Where necessary 
a recommendation for pneumococcal vaccine should be docu-
mented in follow-up correspondence with their GPs. The role of 
opportunistic vaccination in the secondary care setting or other 
innovative approaches should also be explored.
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ABSTRACT
Objective: Accurate and up-to-date figures of the cost of community-acquired pneumonia (CAP) hos-
pitalization are needed to understand the associated economic burden for public health decision-mak-
ers. Recent estimates are lacking, and previously published estimates differ markedly. Our objective
was to estimate the current mean cost to the UK National Health Service (NHS) for adult hospital-
ized CAP.
Methods: All CAP hospitalizations in 2019 for those aged �18 years were identified from English
Hospital Episode Statistics (HES). Each hospitalization was mapped to the tariff cost paid to the care
provider within the NHS, including critical care costs and accounting for length of stay and complexity
of the case. Mean hospitalization costs were estimated in total and in individuals with defined underly-
ing comorbidities.
Results: A mean cost of £3,904 was estimated for 187,251 CAP admissions providing a total cost of
approximately £731 million per annum. The mean cost was £3,402, excluding critical care costs, and
£11,654 for critical care episodes in the 4.4% of admissions receiving this care. Groups at high risk of
CAP had higher mean costs, ranging from £4,458 for people with diabetes to £5,215 for those with
heart disease aged <65 years and £4,356 for those with heart disease to £4,751 for those with liver
disease aged >65 years who comprised 74.3% of admissions overall.
Conclusion: This estimate of the cost of hospitalization for CAP from the total population and in those
with certain underlying comorbidities will allow a valid understanding of the cost-benefit of vaccin-
ation and evidence-based prioritization of pneumococcal vaccination to those at highest risk.

PLAIN LANGUAGE SUMMARY
� Community-acquired pneumonia (CAP) is a disease that is most commonly caused in England by
the bacterium Streptococcus pneumoniae, which infects patients outside of a hospital. Patients who
suffer from CAP often require hospitalization, which incurs a cost to the UK National Health Service
(NHS). The goal of this study was to establish the annual cost of hospitalized CAP.

� The researchers used England’s national healthcare database, known as Hospital Episodes Statistics
(HES), to select all adults in England who were hospitalized for CAP in 2019. For the 187,251
patients hospitalized, an average cost of £3,904 per person was estimated, amounting to a total
cost of £731 million per year to the NHS. Most people admitted to hospital with CAP were at risk
for the disease (due to factors such as increased age or presence of another disease) and the cost
of treatment for this subgroup was disproportionately larger than that for treatment of patients not
at risk. Furthermore, while approximately 5% of patients admitted for CAP received critical care dur-
ing treatment, the average cost for these patients was over £8,000 higher than for those outside
this subsection.

� The costs of hospitalization reported in this analysis were higher than previously estimated. The
researchers highlighted weaknesses in other studies and limitations of the current study which
could explain the difference. This work provides up-to-date figures for the cost of treating CAP in
hospital in England. Public health decision-makers can use these estimates to determine the cost-
benefit of vaccines that can help protect against important causes of CAP, particularly vaccines that
target S. pneumoniae.
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Introduction

Community-acquired pneumonia (CAP) is a common acute
infection with an increasing rate of hospitalization in
England. Streptococcus pneumoniae is the most commonly
identified etiology1 and has reported to be the pathogen
responsible for the highest average annual respiratory admis-
sions in England for people aged �65 years2. Older adults
and individuals with certain clinical conditions, such as
chronic heart or lung disease, are at an increased risk of
CAP1,3,4. Intensive care admissions and death are both
reported in approximately 8% of hospitalizations for CAP in
England (2013–2018)1, with pneumonia noted as a cause in
18,184 deaths in England in 20205. The clinical and economic
burdens resulting from CAP hospitalization are therefore
considerable.

An understanding of this economic burden is important,
not least to allow analysis of the cost-effectiveness of
pneumococcal vaccination. However, published estimates of
the cost of CAP hospitalization in UK pneumococcal vaccine
cost-effectiveness analyses vary considerably, between £661
and £1,2186–8. By comparison, the tariff price paid to a care
provider within the NHS internal market for the least compli-
cated non-elective admission for pneumonia was £1,836 in
2019/20 (healthcare resource group [HRG] code: DZ11V)9 and
an analysis of the cost of admission for “pneumonia with an
unspecified organism” has been estimated as £3,25610.

There are valid reasons why estimates of cost for CAP
admission may vary including different methodologies, and
updated prices and costing methods. However, these differ-
ences, along with uplifting to account for inflation, are
unlikely to account for the scale of the disparity.

The objective of this study was to address the uncertainty
in the cost of CAP hospitalization for adults in England by
providing a current estimate based on Hospital Episode
Statistics (HES) linked to tariff prices, which is the cost paid
by the NHS.

Methods

Data source

This retrospective observational analysis of a cohort of
patients admitted for CAP in the calendar year 2019 was
based on HES and critical care datasets provided by NHS
Digital. HES is a data warehouse which contains information
for all admissions, accident and emergency (A&E) attendan-
ces, and outpatient appointments at NHS hospitals in
England and at treatment centers funded by the NHS11,12.
The calendar year 2019 was chosen as this was not affected
by the COVID-19 pandemic.

The HES Admitted Patient Care (APC) file includes HRGs,
admission dates, length of stay, completed consultant epi-
sodes within the overall admission spell, and current diagno-
ses (10th International Classification of Diseases [ICD-10]13)
and procedures (Office of Population Censuses and Surveys
(OPCS)-4.9 for procedures14) for inpatient admissions. Elective
and non-elective admissions and critical care unit stays are
flagged. On discharge, the NHS allocates the most relevant

HRG code to the admission based on a combination of pro-
cedure and diagnostic codes, including comorbidities12.
HRGs are clinically meaningful groups of diagnoses and inter-
ventions that consume similar levels of NHS resources.
Therefore, the HRG can reflect the complexity of the case
and the most resource-intensive activity occurring within an
admission rather than the initial diagnosis. The HRG code is
converted into a cost, accounting for length of stay, using
the national tariff cost paid to the care provider within the
NHS internal system12. The dataset used in the study was
the final release of HES data for financial years 2018 and
2019, the conversion of procedure and diagnostic codes to
HRGs used HRG 4þ grouper software (National Casemix
Office, Winchester, UK).

The HES outpatient file includes HRGs which account for
first, follow-up single or multi-professional visits, and, separ-
ately, outpatient procedures. The HES A&E file includes HRGs
for each attendance. The Critical Care Dataset is linked to the
APC file and provides the level of care delivered and the
number of bed days. Each record includes a patient identifier
which links activity across care settings preventing double
counting of patients. No ethics approval was required for the
study as it was based on anonymous secondary data.

Study population

The study population comprised all patients in England with
at least one non-elective inpatient admission with pneumo-
nia recorded as a primary diagnosis position one (reason for
admission) in the HES APC during 2019 for patients
�18 years on admission date (study admission). Every admis-
sion was included into the study including patients who
were admitted on more than one occasion during the study
year. Pneumonia was defined as an ICD-10 code J12 to J18
(see Supplementary Table S1 for all ICD-10 code lists). Each
study admission during 2019 was analyzed separately.
Admissions which may have been hospital-acquired pneumo-
nia were excluded (a prior admission (elective or non-elective)
with discharge <28days prior to the study admission date
(N¼ 84,228), or a record of “nosocomial condition” (ICD-10
Y95) during the study admission (N¼ 47,270)).

Costs

Costs were derived from the HES dataset by mapping HRGs
to an appropriate national tariff (APC, A&E, or outpatient)
corresponding to the activity year (i.e. activity in 2018/2019
used tariff 2018/2019, activity in 2019/2020 used tariff in
2019/2020) and applying the appropriate market forces fac-
tor to account for regional variation in costs9,12. APC HRGs
were mapped allowing for the activity type (elective, day
case, and non-elective) with extra cost included for excess
bed days, and complications and comorbidities as specified
by the tariff. Outpatient attendance and procedure, and A&E
HRGs were mapped directly to the appropriate tariff. Critical
care activity is funded separately so the cost was obtained
through the 2018/2019 Reference Costs Grouper using
“CCU01 non-specific, general adult critical care” and a
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“reported level of care” which allows for increasing costs
with a greater number of organs supported.

The primary analyses were completed for the total study
population and after stratification by age <65 years or
�65 years. Age was defined as that on the admission date
throughout the analyses. The number of admissions and
those with a critical care spell or receiving assisted ventila-
tion at any time during admission were estimated. Average
total costs for study admissions were estimated (including
HES and critical care activity) from admission date to dis-
charge date on the APC file and, separately, for all activity
for a further 30, 60, or 90 days to account for resource use
after discharge. The average cost and length of stay were
estimated for admissions with and without an episode of
critical care. The number of admissions with a critical care
episode was estimated and broken down into the number of
days spent in critical care (bed days) and the total length of
stay in hospital.

The calculation of total costs was repeated for three sep-
arate sets of groupings: study admissions with pneumococcal
pneumonia; in those aged 65–74 years, 75–84 years, and
�85 years; and for first study admission in those with a his-
tory of chronic comorbidities. Pneumococcal pneumonia was
defined as an entry for ICD-10 code J13 (Streptococcus pneu-
moniae) in any position, or ICD-10 code B953 (Streptococcus
pneumoniae as the cause of diseases classified elsewhere) in
position 2, on HES APC for the study admission. The comor-
bidities included were based on those in previous hospital-
ized CAP cost estimate analyses but excluding
immunocompromised patients which cannot reliably be

identified from HES data. The comorbidities were respiratory
disease, heart disease, kidney disease, liver disease, and dia-
betes mellitus identified by an ICD-10 code recorded in the
HES APC, outpatient, or A&E file at any time before or during
the first study admission. The comorbidity code lists repli-
cated those in Rozenbaum et al.6 and van Hoek et al.7

(Supplementary Table S1). However, these studies included
pediatric ICD-10 codes, while the current study only included
adults. We therefore ran the main analyses with and without
these codes.

Results

During 2019, there were 187,251 admissions for CAP in
177,865 people, 74.3% of admissions were in those �65 years
(Table 1). The mean cost for the CAP hospital admission only
was £3,904, increasing to £5,813 when all secondary care
costs in the 90 days after discharge were included. The HRG
most frequently assigned was DZ11V (lobar, atypical or viral
pneumonia, without interventions, with CC [comorbidity and
complexity] score 0–3) in 36,532 (19.5%) of study admissions,
followed by DZ11U (lobar, atypical or viral pneumonia, with-
out interventions, with CC score 4–6) in 36,526 (19.5%) of
admissions (Supplementary Table S2). There was a critical
care episode in 4.4% of admissions overall and in 7.4% in
those aged <65 years. The mean costs were £3,402 for
admissions when critical care episodes were excluded and
£11,654 for critical care costs alone. There was a record of
pneumococcal pneumonia in 3,572 (1.9%) of admissions,
45.1% of which were in people aged <65 years with a mean

Table 1. Number, critical care, cost, and length of stay of admissions for CAP by age group.
Age band (years) Total 18–<65 �65

Admissions (% total) 187,251 48,052 (25.7) 139,199 (74.3)
Patients (% total) 177,865 46,466 (26.1) 131,442 (73.9)
% Malea 49.1 50.0 48.8
Admissions with assisted ventilation (% of admissions in age group)b 10,027 (5.4) 3,186 (6.6) 6,841 (4.9)
Admissions requiring critical care (% of admissions in age group) 8,319 (4.4) 3,569 (7.4) 4,750 (3.4)

Cost per admission £
Mean (SD)

Median (IQR)
Admission only 3,904 (5,551) 3,450 (8,025) 4,061 (4,371)

3,032 (1,888–4,633) 1,975 (1,205–3,085) 3,156 (2,256–4,953)
Admission to discharge þ30 days 4,783 (6,149) 4,102 (8,395) 5,018 (5,129)

3,291 (2,051–6,078) 2,270 (1,548–4,154) 4,033 (2,408–6,247)
Admission to discharge þ 60 days 5,340 (6,568) 4,514 (8,652) 5,626 (5,644)

3,755 (2,223–6,483) 2,407 (1,603–4,579) 4,224 (2,530–6,957)
Admission to discharge þ 90 days 5,813 (6,976) 4,868 (8,953) 6,139 (6,113)

4,090 (2,330–7,102) 2,513 (1,670–5,000) 4,419 (2,698–7,483)
Admission only excluding critical care episodes 3,402 (2,354) 2,490 (2,089) 3,717 (2,358)

2,987 (1,867–4,453) 1,936 (1,039–3,032) 3,121 (2,243–4,837)
Critical care episodes only 11,654 (18,754) 13,316 (22,321) 10,405 (15,427)

6,688 (3,456–12,597) 6,912 (3,527–14,977) 5,760 (3,456–11,521)
Length of admission (days)

Mean (SD)
Median (IQR)

All admissions 7 (9) 5 (8) 8 (9)
4 (2–9) 3 (1–6) 5 (2–10)

All admissions excluding critical care episodes 7 (9) 4 (6) 8 (9)
4 (2–8) 3 (1–5) 5 (2–10)

Admissions with a critical care episode: total length 14 (16) 14 (17) 14 (15)
10 (5–17) 9 (5–16) 10 (5–17)

Admissions with a critical care episode: length in critical care episodec 7 (11) 8 (13) 6 (9)
4 (2–8) 4 (2–9) 4 (2–7)

aSex not reported in 63 admissions; bincludes invasive and non-invasive ventilation; cbed days in critical care, overnight stays outside critical care.
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cost of £6,574 across all groups (Table 2). Most people with
an admission had one or more comorbidity, 51.4% in those
<65 years and 78.3% in those aged �65 years. Among the
subgroup with comorbidities admission costs were higher in
those aged <65 years than in older adults (Table 3). In gen-
eral costs increased with increasing age and were higher
than the overall mean in people with either pneumococcal
infections or any comorbid conditions (Figure 1). Costs

increased until 75 years of age, although length of stay con-
tinued to increase (Table 4).

Review of the data identified a positively skewed distribu-
tion of costs per admission and six outliers, each with a total
cost of >£200,000. The mean total cost of £3,890 for the
admission alone without outliers was estimated for the total
population in a post-hoc analysis (see Supplementary Table
S3). A sensitivity analysis repeated the comorbidity analysis

Table 2. Number, cost, and length of stay of admissions for CAP specified as pneumococcal pneumonia by age group.
Age band (years) Total (% all admissions) N (% pneumococcal admissions)

18–64 �65

Admissions 3,572 (1.9) 1,610 (45.1) 1,962 (54.9)
% Malea 48.4 50.3 46.8

Length of stay (days)b

Mean (SD)
Median (IQR)

All admissions including critical care episodes 10 (11) 8 (10) 10 (11)
6 (4–11) 5 (3–10) 7 (4–12)

All admissions excluding critical care episodes 8 (9) 6 (8) 9 (10)
5 (3–9) 4 (2–7) 6 (4–11)

Cost per admission £
Mean (SD)

Median (IQR)
Admission only 6,574 (11,692) 7,203 (14,266) 6,060 (9,029)

3,149 (2,227–6,160) 2,536 (1,901–6,111) 4,104 (2,456–6,160)
Admission to discharge þ 30 days 7,245 (11,951) 7,761 (14,428) 6,824 (9,438)

3,911 (2,376–7,280) 3,036 (1,975–7,189) 4,237 (2,715–7,320)
Admission to discharge þ 60 days 7,647 (12,128) 8,090 (14,547) 7,284 (9,701)

4,145 (2,423–7,875) 3,179 (2,083–7,819) 4,412 (2,896–7,898)
Admission to discharge þ 90 days 7,965 (12,261) 8,332 (14,624) 7,665 (9,912)

4,237 (2,488–8,351) 3,377 (2,139–8,173) 4,643 (2,975–8,572)
aNo missing data; bBed days in critical care, overnight stays outside critical care.

Table 3. Number and cost of admissions for CAP in people with chronic comorbidities by age group.
Comorbiditya Chronic respiratory disease Chronic heart disease Chronic kidney disease Chronic liver disease Diabetes mellitus

18–64 Years of age

Number (% people in age group) 12,796 (27.5) 11,794 (25.4) 3,445 (7.4) 3,960 (8.5) 7,667 (16.5)

Cost per admission £
Mean (SD)

median (IQR)

Admission only 4,629 (11,443) 5,215 (12,405) 5,124 (8,339) 5,068 (7,856) 4,458 (8,008)
2,886 (1,891–4,524) 3,015 (1,892–4,943) 3,067 (1,923–5,165) 3,061 (1,937–5,115) 2,766 (1,669–4,575)

Admission to discharge þ30 days 5,541 (11,818) 6,262 (12,809) 6,458 (8,938) 6,113 (8,373) 5,395 (8,518)
3,162 (2,148–6,084) 3,424 (2,198–6,640) 3,955 (2,351–7,322) 3,708 (2,351–6,670) 3,119 (1,937–6,033)

Admission to discharge þ60 days 6,229 (12,071) 6,992 (13,089) 7,391 (9,404) 6,865 (8,784) 6,078 (8,936)
3,581 (2,301–6,988) 4,019 (2,366–7,664) 4,468 (2,533–8,680) 4,222 (2,440–7,776) 3,447 (2,155–6,939)

Admission to discharge þ90 days 6,842 (12,418) 7,632 (13,450) 8,190 (10,066) 7,507 (9,317) 6,648 (9,401)
4,045 (2,400–7,734) 4,326 (2,424–8,606) 4,892 (2,711–9,801) 4,502 (2,600–8,736) 3,806 (2,253–7,664)

�65 years of age

Number (% age group) 62,053 (47.2) 89,841 (68.4) 38,065 (29.0) 7,768 (5.9) 36,458 (27.8)

Cost per admission £
Mean (SD)

median (IQR)

Admission only 4,356 (4,732) 4,428 (4,685) 4,561 (4,028) 4,751 (5,096) 4,416 (4,336)
3,888 (2,401–5,727) 3,972 (2,424–5,932) 4,166 (2,887–6,103) 4,166 (2,547–6,142) 3,980 (2,423–6,019)

Admission to discharge þ30 days 5,431 (5,478) 5,489 (5,460) 5,711 (4,982) 5,970 (5,995) 5,532 (5,245)
4,240 (2,749–6,655) 4,271 (2,899–6,678) 4,500 (3,053–6,960) 4,596 (3,037–7,147) 4,289 (2,890–6,747)

Admission to discharge þ60 days 6,150 (6,024) 6,167 (5,989) 6,442 (5,610) 6,786 (6,630) 6,281 (5,866)
4,609 (2,999–7,460) 4,619 (3,037–7,445) 4,992 (3,159–7,687) 5,164 (3,167–8,035) 4,684 (3,037–7,552)

Admission to discharge þ90 days 6,757 (6,525) 6,740 (6,471) 7,075 (6,206) 7,491 (7,214) 6,900 (6,440)
4,993 (3,078–8,246) 4,984 (3,098–8,158) 5,643 (3,344–8,594) 5,810 (3,337–9,239) 5,096 (3,098–8,439)

aSee Supplementary material for comorbidity code lists.
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after removing the pediatric ICD-10 codes included in previ-
ous analyses (Supplementary Table S4).

Discussion

This large study of all 187,251 hospital admissions for CAP in
England in 2019 provides a mean cost to the NHS of £3,904.
The total cost of hospitalized CAP in England can therefore
be estimated as approximately £731 million per annum in
2019 figures. While the proportion of patients who received
critical care was small, these episodes increased the overall
mean cost of admission by approximately 15% which had a
greater impact on the admission costs for those aged
<65 years, who were more frequently admitted to critical
care (7.4%) compared to all adults (4.4%). Admission costs
were higher in at risk populations, including both older peo-
ple and those with comorbid conditions. Costs increased
with age generally, being higher in 65–74-year-olds than in
those <65 years. The majority of the study population had at
least one chronic comorbidity including approximately 50%
of people aged 18–64 years. The higher admission costs in
those with chronic comorbidities, as well as that in pneumo-
coccal pneumonia, will partly be the result of higher costs
allowed for in these groups within the NHS tariff. The costs

in those with a diagnosis of pneumococcal pneumonia may
also be biased upwards if the causal organism is more likely
to be identified in more severe, complicated, or resistant dis-
ease. The proportion with pneumococcal pneumonia (1.9%)
is low compared to 37% of admissions for CAP when more
routine screening for pneumococcal pneumonia is in place1

suggesting under ascertainment.
The higher risk of hospitalization for CAP in individuals

with chronic comorbidities is consistent with previous
reports4,15. A smaller proportion of <65s in the current study
may account for the slightly fewer CAP admissions receiving
critical care than reported elsewhere (4.4% compared to
5.2% or 7.7%)1,16, as the number of critical care stays
decrease with age. When time periods after discharge are
included costs increase, even in the young, suggesting that
the total cost for CAP is greater than that due to the primary
admission. This may be partially explained by previous find-
ings that, in people with chronic comorbidities, there is both
an increased risk of CAP hospitalization and that hospital
admissions increased after CAP4,17,18. In addition, high rates,
and an increased risk, of cardiac disease are reported in the
short-term after CAP hospitalization19,20.

Our estimate of the cost of CAP admissions is consider-
ably higher than the previous estimates in pneumococcal
vaccine cost-effectiveness analyses which ranged from £661
to £1,218. In 2012, Rozenbaum et al.6 estimated a mean cost
of pneumonia admission of £661 in people at increased risk
of invasive pneumococcal disease using the HRG code
uncomplicated DZ11C (lobar, atypical, or viral pneumonia)
and based on 2009–2010 NHS reference costs. This estimate
of £661 was subsequently adjusted for inflation to £715 (to
2014 prices) in a 2016 cost-effectiveness analyses by van
Hoek and Miller8 in immunocompetent people aged 65 years
and older. Further inflation of the £715 estimate to the 2019
costs used in the current study would provide a figure of
£789 based on the Hospital and Community Health Services
Index pay and prices percentage increase (see
Supplementary Table S5)21. To help illustrate the

Figure 1. Average cost of CAP hospitalization stratified by age, a diagnosis of
pneumococcal pneumonia, and by comorbidity.

Table 4. Number, cost, and length of stay of admissions for CAP in older people.

Age band (years) 65–74 75–84 �85
Admissions (% total) 35,878 (19.2) 51,939 (27.7) 51,382 (27.4)
Patients (% total) 34,102 (19.2) 49,013 (27.6) 48,504 (27.3)
% Malea 52.7 51.7 43.1

Length of stay (days)b

Mean (SD)
Median (IQR)

All admissions including critical care episodes 6 (8) 8 (10) 9 (10)
4 (2–8) 5 (2–10) 6 (3–12)

All admissions excluding critical care episodesb 6 (8) 8 (9) 9 (10)
4 (2–7) 5 (2–9) 6 (3–12)

Cost per admission £
Mean (SD)

Median (IQR)
Admission only 3,966 (5,799) 4,091 (4,621) 4,098 (2,584)

2,907 (1,886–4,391) 3,168 (2,283–4,966) 3,937 (2,424–5,703)
Admission to discharge þ30 days 4,916 (6,419) 5,071 (5,369) 5,035 (3,652)

3,168 (2,077–5,842) 4,051 (2,423–6,278) 4,218 (2,863–6,396)
Admission to discharge þ 60 days 5,549 (6,886) 5,709 (5,868) 5,596 (4,285)

3,552 (2,252–6,556) 4,240 (2,577–7,071) 4,408 (2,975–7,053)
Admission to discharge þ 90 days 6,095 (7,348) 6,256 (6,328) 6,052 (4,798)

3,943 (2,365–7,317) 4,482 (2,774–7,616) 4,674 (3,044–7,462)
aNo missing data; bBed days in critical care, overnight stays outside critical care.
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methodological discrepancy an unrelated estimate provided
for infants by van Hoek in 2012 used the same HRG code:
DZ11C combined with the cost per bed day and length of
stay of about 4 days to provide a cost of CAP of £1,218
based on 2008/2009 NHS reference costs. This example,
when adjusted for inflation to 2019 levels, works out to be
£1,4547. There are several non-inflationary reasons for the dif-
ference between our current estimates and these previous
studies. The previous studies assumed that all hospitalized
CAP was appropriately represented by uncomplicated lobar,
atypical or viral pneumonia (HRG code DZ11C, the lowest
complexity level available at that time) while the current study
includes all complication and comorbidity scores, interventions
(multiple, single, and without), and added critical care costs. In
practice, only a fifth of study admissions were costed using
the lowest complexity level pneumonia HRG code available.
Focusing on the lowest complexity levels does not capture
the higher resource use and costs associated with patients
with more complications and comorbidities resulting in an
underestimation. In addition, in all three previous studies, the
estimated cost of hospitalized CAP applied in the cost-effect-
iveness analysis was a cost per admission (or spell) despite
the unit of measure in the NHS reference costs at the time
being cost per finished consultant episode (FCE)22,23. This fur-
ther underestimates the cost per admission since there can be
more than one FCE in a spell. For example, van Hoek and
Miller8 used a mean length of stay of 4 days based on refer-
ence costs per FCE for uncomplicated cases, whereas the cur-
rent study estimated a mean length of an admission of 7 days
based on HES data. Conversion of the estimates from cost per
FCE to cost per spell would have required adjustment with
either the number of FCEs or the length of stay for a spell.
NHS reference costs in 2013/2014 (the date of the van Hoek
and Miller8 analysis) did report both cost per FCE and cost per
spell24,25. Finally, our study included all CAP admissions
throughout the year and did not exclude patients who had
multiple admissions. We recognize that there is the potential
for those patients who were admitted more than once to
have higher costs compared to those attending hospital once.
This, however, only applied to 5% of the dataset so the poten-
tial to skew the overall mean cost would be minimal and it is
important to provide a complete datasheet. Our new hospital-
ization costs provide a current and robust estimate for the
actual inpatient healthcare costs paid to hospitals in England
for patients that were treated for pneumonia in 2019. This
cost data will be valuable for future cost effectiveness analyses
for potential future interventions, including adult pneumococ-
cal vaccines. These costs, however, need to be inflated when
used in further analyses. We have left this to researchers con-
ducting further analyses to allow for a more straightforward
adjustment when the appropriate year and percentage infla-
tion will be known. Cost effectiveness analyses for interven-
tions that target causes of adult CAP in the UK generally only
consider hospitalization costs, which provided the rationale
this study, however further costs are incurred by the NHS
within primary care. Further work analyzing primary care costs
is needed to provide an estimate for the total cost to the NHS
for pneumonia in England. Furthermore, cost estimates for

other diseases related to CAP such as IPD would help
strengthen future, specific cost effectiveness analyses.

The strengths of the current analysis are the almost uni-
versal coverage of secondary care activity in England26. All
adult hospitalizations for CAP were included, as well as sub-
groups and critical care stays. In addition, the reported costs
reflect the actual money paid by the Department of Health
and Social Care to healthcare providers who treat hospital-
ized CAP, including critical care costs. Increased costs for
more complex admissions are taken into account. As the
study was based on the secondary source data HES, it was
limited to the data routinely collected. CAP is not specifically
coded and was deduced using several variables.
Misclassification of pneumonia as a primary diagnosis code
has been reported against a case definition which required a
chest X-ray16,27. This misclassification will include lower
respiratory tract infections, such as CAP or COPD, with no
radiology workup and may be biased toward older age
groups27. Some cases of hospital-acquired pneumonia may
remain despite exclusion of records with a code for nosoco-
mial disease or recent previous admission. Similarly, CAP
diagnosis during a hospitalization for other illness or proce-
dures and readmissions within 28 days may be missed but
the use of ICD-10 code Y95 will have minimized this and
excluded the majority of cases of hospital acquired pneumo-
nia. Furthermore, in the rare scenario whereby patients were
admitted for a new spell of hospitalized CAP between days
29 and 90 post-discharge there would have been double-
counting of the spend for these patients. Severity could not
be studied as pneumonia severity index or CURB scores are
not available in HES. The study data source does not lend
itself to a multivariate analysis exploring cost predictors such
as age and comorbidities as the costs derived from HRGs are
influenced by these variables to some extent. However, such
an analysis would provide valuable further insight on the
cost of CAP and could form the basis of a subsequent
bespoke study.

Conclusions

This analysis provides a contemporary estimate of the cost of
hospitalization to the NHS for CAP from the total population
and in certain high-risk subgroups. Such estimates are essen-
tial to allow a valid understanding of the cost-benefit of vac-
cination and therefore to inform national vaccine policy of
new and existing immunizations that target causes of pneu-
monia. Information on subgroups allows appropriate, evi-
dence-based, prioritization of pneumococcal vaccination to
those at highest risk.
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A review of current data to support decision making for introduction of next 
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ABSTRACT
Introduction: The burden of pneumococcal disease in older UK adults remains substantial. Higher 
valency pneumococcal conjugate vaccines (PCVs) are currently in development with adult formulations 
for two of these anticipated to become available in 2022. This article collates and reviews relevant 
candidate data now available that may be used to support cost effectiveness assessments of vaccinat-
ing immunocompetent UK adults aged ≥65-years with PCVs.
Areas covered: This article uses published data from surveillance systems, randomized controlled trials 
and observational studies. It focuses on local data from the UK but where these are either limited or not 
available relevant global data are considered.
Expert opinion: The body of relevant data now available suggests the UK is well placed to assess the 
cost effectiveness of vaccinating immunocompetent ≥65-year olds with new generation higher valency 
PCVs. Recent contemporary data provide important new and robust insights into the epidemiology of 
pneumococcal disease in older UK adults and help to address much of the uncertainty and data gaps 
associated with previous analyses. Using these data to make informed decisions about use of new 
higher valency PCVs for routine use in older adults will be important for public health in the UK.
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1. Introduction

Streptococcus pneumoniae (pneumococcus) is a major cause of 
morbidity and mortality in children and the elderly worldwide 
[1,2]. Pneumococci are Gram-positive diplococci which can be 
classified into 100 serotypes, based on their polysaccharide 
capsule [3]. Diseases caused by pneumococci include invasive 
infections, such as meningitis, sepsis and bacteremic pneumo-
nia, and mucosal infections, including otitis media, and non- 
bacteremic pneumonia [4]. Pneumococci are one of the com-
monest causes of pneumonia [5]. The burden of pneumococ-
cal infection is especially high in older adults, with the vast 
majority of cases presenting as community acquired pneumo-
nia (CAP) [4]. A pneumococcal conjugate vaccine (PCV) that 
covered seven serotypes (PCV-7) was introduced in the UK for 
routine infant immunization in 2006 and then replaced by a 13 
valent PCV in 2010 [6]. This resulted in major reductions in 
vaccine type (VT) pneumococcal disease across the full age 
range due to both direct and indirect protection [7]. Since 
2014 PCV-13 has been indicated for the prevention of invasive 
pneumococcal disease (IPD) and pneumococcal pneumonia in 
adults. However, in the UK PCV-13 is currently only recom-
mended for adults at a very high risk of pneumococcal disease 
[6]. Since 2003 a single dose of the 23-valent pneumococcal 
polysaccharide vaccine (PPV23) has been routinely offered to 
all UK adults aged ≥65-years and some clinical risk groups 
aged ≥2 years [6]. PPV23 is a plain polysaccharide vaccine 

and, in contrast to PCVs, does not induce a T cell-dependent 
immune response which is needed for durable protection 
against pneumococcal disease [8]. Whilst it is generally 
acknowledged that PPV23 provides limited short-term protec-
tion against IPD, studies of the protection that PPV23 provides 
against noninvasive pneumonia give contradictory conclu-
sions [8–10]. The extent to which PPV23 may provide older 
adults with meaningful protection against pneumococcal dis-
ease therefore continues to be debated with candidate PCVs 
under development offering potential alternatives. The Joint 
Committee on Vaccination and Immunization (JCVI) consid-
ered routinely vaccinating all immunocompetent UK adults 
aged ≥65-years with PCV-13 in 2015 but ultimately decided 
not to recommend proceeding with such an approach [11]. An 
important contributing factor to this decision was a cost- 
effectiveness assessment [12], which assumed the incidence 
of PCV13 VT pneumococcal disease would imminently decline 
to such a low level in this age group in the UK due to 
indirect protection from the infant PCV-13 vaccination pro-
gramme that a PCV-13 programme targeting those aged 
≥65-years would not be cost-effective. Whilst this analysis 
made use of all relevant data available at the time it did 
recognize areas of uncertainty where data were either lim-
ited or lacking. It also assumed that key relevant epidemio-
logical trends reported at the time of the analysis would 
continue for the foreseeable future.
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Two next generation higher valency PCVs (PCV-15 and PCV- 
20) are now in advanced stages of development and are 
currently anticipated to become available for adult use in the 
near future before corresponding pediatric licensing [13,14]. 
These vaccines include additional pneumococcal serotypes 
not in PCV-13 that have recently emerged as important causes 

of pneumococcal disease in the UK, particularly in adults aged 
≥65-years, and therefore potentially offer the opportunity to 
better directly protect older UK adults against pneumococcal 
disease [7,15]. Table 1 shows the individual pneumococcal 
serotypes included in those PCVs previously (PCV-7) and cur-
rently (PCV-13) used in the UK and the two next generation 
higher valency PCVs (PCV-15 and PCV-20) that are in develop-
ment. The importance of using vaccination to prevent com-
mon respiratory infections in adults has recently taken on 
greater significance following the COVID-19 pandemic that 
began in early 2020, with the importance of using COVID-19 
vaccines to control the pandemic being paramount. However, 
it has been hypothesized that any inflammatory damage to 
the respiratory mucosal tissue caused by common pathogens 
such as Streptococcus pneumoniae and the influenza virus 
might potentially facilitate infection by SARS-CoV-2 with 
some evidence now emerging to support a synergy between 
the pneumococcus and SARS-CoV-2 virus [16–18]. Despite the 
levels of COVID-19 vaccine uptake now being achieved in 
older age groups in the UK new strains of SARS-CoV-2 virus 
with increased transmissibility are starting to emerge. Whilst 
there is currently no evidence these strains are demonstrating 
any increased clinical severity in illness the extent of any 
vaccine escape capability posed by these strains remains 
a key focus of ongoing research with concerns the virus may 
continue to circulate in the longer term [19,20]. Evidence 
gathered during the early part of the pandemic suggested 
only a low proportion of COVID-19 patients hospitalized in 
the UK had a bacterial co-infection, with the pneumococcus 
rarely identified [21,22]. However, this research was underta-
ken with COVID-19 containment policies and social distancing 
measures in place, which greatly reduced transmission of S. 
pneumoniae [23]. Potential synergistic interaction between 
SARS-CoV-2 and other common respiratory pathogens such 
as seasonal influenza and the pneumococcus may therefore 
potentially become increasingly prevalent in the UK as social 
distancing measures are relaxed enabling their reemergence 
with increased likelihood of co-infection with the SARS-CoV-2 
virus. Therefore, in the post pandemic environment it may be 
increasingly important to consider maximizing use of available 
adult vaccines that target important causes of respiratory dis-
ease. This will not only help better protect individual UK adults 
against respiratory disease but also contribute to helping 
ensure the National Health Service (NHS) does not become 
over-burdened [24,25].

With two candidate next generation higher valency adult 
PCVs expected to become available shortly the overall aim is 
to summarize all currently available candidate evidence that 
could contribute to supporting future cost effectiveness 

Table 1. The individual pneumococcal serotypes included in PCVs previously (PCV-7) and currently (PCV-13) used in the UK and the two next generation higher 
valency PCVs (PCV-15 and PCV-20).

4 6B 9V 14 18C 19F 23F 1 5 7F 3 6A 19A 22F 33F 10A 15B 8 11A 12F

PCV-7

PCV-13

PCV-15

PCV-20

Article Highlights

● Fifteen and twenty valent pneumococcal conjugate vaccines for use 
in adult populations are anticipated to become available in 2022. 
These vaccines include additional pneumococcal serotypes not in 
PCV-13 that have recently emerged as important causes of pneumo-
coccal disease in the UK, particularly in adults aged ≥65–years, and 
therefore potentially offer opportunity to better directly protect older 
UK adults against pneumococcal disease. Candidate data now avail-
able that may be considered for use in cost-effectiveness assessments 
of these vaccines in older immunocompetent UK adults aged ≥65– 
years are reviewed.

● Robust data giving insight into the incidence, serotype distribution 
and epidemiological trends over time for invasive pneumococcal 
disease in UK adults aged ≥65–years to 2016/17 are now available. 
Some similarly contemporary data for UK adults hospitalised with 
pneumonia show recent trends and the serotype distribution for 
pneumococcal pneumonia. However, there is concern there may be 
substantial under ascertainment in the pneumonia incidence esti-
mates made using these data, with further studies needed that can 
provide more accurate and robust age stratified estimates of the 
incidence in UK adults hospitalised with pneumonia.

● A large randomised controlled clinical trial demonstrated the safety 
and efficacy of PCV-13 against vaccine type pneumococcal disease in 
older adults aged ≥65–years with a further analysis of data from this 
trial showing that PCV-13 afforded these adults with protection 
against serotype 3 pneumonia. These data will help form a basis for 
estimates of protection likely afforded by next generation higher 
valency PCVs against pneumococcal disease in older UK adults.

● Relying on indirect protection induced by paediatric PCV programmes 
alone may not optimally reduce the corresponding disease burden in 
adults, particularly for certain pneumococcal serotypes, with more 
consideration needing to be given to the public health value and 
importance of directly protecting older adults with PCVs.

● Further research is needed to confirm the cost of a hospital admission 
for community acquired pneumonia for UK adults aged ≥65–years 
with previous estimates used potentially underestimating this con-
siderably. Additional research is also needed to investigate the epi-
demiology of pneumonia in UK adults treated outside secondary care.

● Cost effectiveness assessments of adult PCVs can now consider 
including new candidate data and approaches to reflect the full 
public health value of these vaccines.

● The global COVID-19 pandemic has added a potential new dimension 
to decision making for adult vaccines that target causes of respiratory 
disease. We review evidence emerging that pneumococci may inter-
act with the SARS-CoV-2 virus and result in more severe clinical 
outcomes, that there is a reduced risk of COVID-19 amongst adults 
previously vaccinated with PCV-13 and consider the possible implica-
tions of the COVID-19 pandemic on future decision making for use of 
adult PCVs in the UK.
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analyses of these in older immunocompetent UK adults. In this 
article, we review the full extent of all relevant candidate data 
available at the end of the second decade of the 21st century, 
identifying strengths and limitations. New data describing the 
epidemiology of pneumococcal disease in UK adults have 
become available since the JCVI last considered routine vacci-
nation for immunocompetent UK adults ≥65-years with PCV- 
13 and assessed its cost effectiveness. These data provide 
important new and more contemporary insights for assessing 
PCV use in the older UK population and supersede much of 
those data previously used [12]. We therefore consider how 
those data previously used for key parameter inputs for the 
cost effectiveness model used for assessing PCV-13 in adults 
aged ≥65-years in the UK can be updated and identify persist-
ing areas of uncertainty. Where local data gaps continue 
relevant global data generated outside the UK are summar-
ized. In addition, we comment on new candidate data and 
approaches being proposed that cost effectiveness assess-
ments of adult PCVs may now want to consider incorporating 
to try and more accurately reflect the full value of these 
vaccines. Lastly, we also consider the possible implications of 
the COVID-19 pandemic on future decision making for use of 
adult PCVs in the UK.

2. Incidence, serotype distribution, and trends

2.1. IPD (invasive pneumococcal disease)

Public Health England (PHE) has a well-established and long- 
standing high quality enhanced national routine surveillance 
system for IPD [7,26], encompassing all ages of patients, with 
serotyping of invasive pneumococcal isolates. Age stratified 
data are regularly published in the scientific literature giving 
robust, accurate and timely insight into the incidence, sero-
type distribution and epidemiological trends over time for IPD 
in English and Welsh adults. Van Hoek and Miller [12] used 
relevant incidence data from the latest published routine IPD 
surveillance data up to 2013/14 for their analysis of cost 
effectiveness of PCV-13 in immunocompetent English adults 
aged ≥65-years [26]. More recent routine IPD surveillance, 
including data up to 2016/17 are now published providing 
detailed contemporary data on the epidemiology of IPD in 
English and Welsh adults aged ≥65-years [7]. Furthermore, 
data for 27 individual serotypes that caused IPD in those 
aged ≥65-years in 2016/17 are also presented [7], providing 
insight into the most common serotypes that caused IPD in 
England and Wales. This encompasses all the additional ser-
otypes in the two new generation higher valency PCVs that 
are being developed and are anticipated to shortly become 
available (i.e. PCV-15 and PCV-20) and provides a basis for 
assessment of use of these vaccines for preventing IPD in 
older UK adults [27]. These data show that the serotypes 
included in PCV-13, PCV-15, and PCV-20 correspond to 21.6, 
32.6, and 64.6%, respectively, of the total IPD burden in 
English and Welsh adults aged ≥65-years in 2016/17. This 
equates to an incidence of 6.2, 9.4, and 18.7 per 100,000, 
respectively, for each of these vaccines. The 10 most common 
serotypes that caused IPD in these adults aged ≥65-years in 

2016/17 were 8, 3, 12 F, 22 F, 9 N, 19A, 15A, 33 F, 10A, and 
23A [7].

An additional publication using national IPD surveillance 
data from 2000/01 to 2016/17 [28] presents incidence data for 
English and Welsh adults aged ≥65 years with estimates 
further stratifying these data into smaller age groups. 
However, data are not presented by individual pneumococcal 
serotype with stratification limited to certain broader groups 
of serotypes that reflect only those pneumococcal vaccines 
currently used in the UK. Therefore, whilst these data may help 
support analyses of PCV-13 in UK adults aged ≥65-years their 
capacity for assessments of next generation higher valency 
PCVs is more limited. Additionally, these data also show that 
the 23 serotypes included in PPV23 corresponded to 73.1% of 
the total IPD burden in English and Welsh adults aged ≥65- 
years in 2016/17 equating to an incidence of 21.15 per 
100,000. This shows that in 2016/17 the additional serotypes 
included in PPV23 not currently in next generation PCVs (i.e., 
serotypes 2, 9 N, 17 F, and 20) caused only a small proportion 
of the IPD burden in English and Welsh adults aged ≥65-years 
[27,28].

2.2. Hospitalized CAP (community acquired pneumonia)

Accurate data describing the epidemiology of hospitalized 
CAP in older adults are particularly important when assessing 
PCVs for use in older adults since, in contrast to the relatively 
rare condition of IPD, CAP reflects a much larger disease 
burden [4,29–31]. Relevant UK data are currently limited to 
a long-standing study of adults aged ≥16 years with CAP 
admitted to two university hospitals in the city of 
Nottingham. This study has been ongoing since 
September 2008 and was primarily intended to observe dis-
ease trends over time. This study stratifies data by age group, 
describes the trends and distribution over time for both CAP 
and various individual pneumococcal serotypes identified 
from cases of pneumococcal CAP using a multiplex urinary 
antigen detection assay (UAD) [15,32]. This study also provides 
some insight into incidence of adult CAP and adult pneumo-
coccal CAP but the estimates presented for older adults aged 
≥65-years are very low compared to those in recently pub-
lished studies of similarly aged adults in other comparable 
countries. For example, a meta-analysis of published data for 
adults aged ≥65-years hospitalized with pneumonia in indus-
trialized countries [33] and a study of CAP in hospitalized 
adults aged ≥65-years in the US city of Louisville [34,35] 
found incidence to be approximately 3 and 4 times higher 
respectively. Caution needs to be used when comparing inci-
dence estimates in each of these studies since differing case 
definitions are used and there may be valid epidemiological 
reasons for such a low hospitalized CAP incidence in this UK 
population of adults from the city of Nottingham. However, it 
may also reflect limitations with the approach used by this 
study to estimate incidence. This has previously led to con-
cerns that substantial under ascertainment may be present in 
this study and cost effectiveness and modeling studies inves-
tigating use of pneumococcal vaccines in UK populations have 
employed scenarios that double the CAP incidence found in 
this study [12,36].
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There is therefore some uncertainty regarding the pub-
lished incidence estimates available for adults aged ≥65- 
years hospitalized with CAP in the UK. Whilst estimates are 
now available up to 2017/18 [15,32], these should be used 
with caution due to concerns regarding potential under ascer-
tainment. This suggests using these incidence estimates in 
conjunction with a suitable multiplier may be most appropri-
ate for assessing adult PCV use in the UK as has been used by 
other analyses that have considered the burden of hospita-
lized CAP in UK adults [12,36]. This also highlights that further 
studies are needed that can provide more robust estimates for 
hospitalized CAP incidence in older UK adults.

Although the incidence of CAP might be underestimated in 
the Nottingham study, the distribution of serotypes is likely 
representative and provide reliable information on epidemio-
logical trends between 2008 and 2018 for UK adults hospita-
lized with CAP. These are stratified by age group and further 
stratified into pneumococcal CAP and broad groups of sero-
types reflecting those current pneumococcal vaccines used in 
the UK. Since 2013/14 the multiplex UAD assay used has 
extended the number of individual serotypes that could be 
detected to include all contained in PCV-13 and PPV23 [37]. 
Whilst data for individual serotypes are only presented for all 
adults aged ≥16-years for each epidemiological year of the 
study this still provides valuable data describing recent epide-
miological trends and distribution for these individual sero-
types over time. Importantly this includes all the serotypes in 
the two new generation higher valency PCVs currently in 
development that are expected to shortly become available. 
It also enables an estimation of the current proportion of adult 
pneumococcal pneumonia these vaccines could potentially 
address [27].

2.3. Pneumonia in adults in primary care

The previous analysis did not consider the burden of CAP in 
older UK adults treated in primary care when assessing routine 
PCV-13 use in adults aged ≥65-years [12]. Previously relevant 
UK data describing this aspect were both limited and histor-
ical, reflecting data from the 20th and very early 21st centuries 
[31,38–40]. A new study using electronic data records from the 
UK Clinical Practice Research Datalink [41] reported that clini-
cally diagnosed pneumonia in UK primary care has been 
increasing over time, particularly since 2010, with an esti-
mated incidence of 2.22 cases per 1000 person-years in 2017 
for all age groups combined. However, trends showed inci-
dence of clinically diagnosed pneumonia decreased over time 
for those aged <15 years but increased in those aged 
≥15 years, especially amongst older adults. Collectively these 
data suggest a potentially large proportion of the burden of 
adult pneumonia in the UK may be being treated in primary 
care and future analyses assessing the cost-effectiveness of 
new PCVs in UK adults may want to include these cases. Whilst 
the financial cost to the NHS will likely be small compared to 
that treated in secondary care, pneumonia treated in primary 
care may still reflect a significant burden to the UK NHS. Given 
the pneumococcus is a common cause of pneumonia [5], 
higher valency adult PCVs could usefully contribute toward 
reducing the burden of adult pneumonia that is seen in 

primary care. Whilst there are now more contemporary UK 
data, the body of data providing relevant insight remains 
limited. To robustly assess this aspect further studies investi-
gating the contemporary epidemiology of pneumonia in UK 
adults that is treated outside secondary care are therefore 
needed.

3. Projecting future epidemiological trends for 
pneumococcal disease in older UK adults and the 
contribution of indirect protection

Projecting the future longer-term incidence of pneumococcal 
disease caused by vaccine serotypes was an important and 
influential component of the previous cost-effectiveness 
assessment of vaccinating UK adults aged ≥65-years with 
PCV-13 [12,42]. To make a realistic projection of the future 
incidence of vaccine-type IPD and CAP in this age group for 
the next five years this analysis accounted for the indirect 
protection induced by the childhood pneumococcal vaccina-
tion programme. Trends for pneumococcal disease available at 
the time extended to 2013/14 and were primarily defined 
using IPD surveillance data from England and Wales. These 
data showed that collectively PCV-13 vaccine type IPD inci-
dence in older English and Welsh adults aged ≥65-years had 
been declining steadily with time as a result of indirect pro-
tection from routine pediatric immunization. It was reasonably 
assumed at the time that this trend for IPD incidence in older 
UK adults would remain consistent and continue for the fore-
seeable future, so it was extrapolated for the subsequent five 
years. The future incidence of CAP in this age group was 
similarly estimated based on the projected IPD incidence and 
a multiplier approach (the ratio between observed for IPD and 
CAP between 2008 and 2013). This prediction suggested that 
PCV-13 vaccine type pneumococcal disease would continue to 
decline post 2013/14 in older UK adults aged ≥65-years reach-
ing very low near elimination levels by 2018/19. This projected 
incidence was an important contributor to the conclusion that 
introducing a routine PCV-13 programme to directly protect 
the immunocompetent elderly in the UK would not be cost- 
effective.

More recent data for both IPD and CAP obtained within the 
UK from English and Welsh residents and English residents 
respectively present contemporary observed trends for PCV-13 
serotype disease in older adults and shows how these have 
changed since 2013/14 [7,15,28,43,44]. In contrast to the pre-
dicted trend, these data show that incidence of PCV-13 ser-
otype pneumococcal disease in older adults did not continue 
to decline. Rather, the trend unexpectedly reversed, and post 
2013/14 incidence began to increase in older adults aged ≥65- 
years with levels in 2016/17 considerably higher than in 2013/ 
14. This highlights the difficulty of accurately predicting future 
pneumococcal disease trends that are associated with indirect 
protection. Furthermore, this collective trend for the serotypes 
in PCV-13 is largely driven by serotypes 19F, 19A and espe-
cially 3 which all began to increase in incidence in older UK 
adults after 2013/14 [7,15]. There is speculation this could be 
because higher thresholds of protection maybe required for 
these serotypes which may have implications for the ability of 
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PCV-13 to impact carriage of these serotypes in young chil-
dren [27,45–49]. Pneumococcal disease in UK adults due to the 
remaining ten PCV-13 serotypes has continued to decline post 
2013/14 though the extent to which the very low near elim-
ination levels anticipated by 2018/19 has been achieved is 
debatable, particularly when adult pneumococcal CAP is con-
sidered [7,15].

Adult formulations of higher valency next generation PCVs 
now in the late stages of development will be available before 
the corresponding pediatric formulations, with PCV-13 there-
fore expected to continue to be routinely used in the UK 
pediatric immunization programme, at least in the short 
term. This suggests that when assessing the cost effectiveness 
of vaccinating older UK adults with next generation higher 
valency PCVs the previous approach used to project the extent 
to which indirect protection from the pediatric PCV-13 pro-
gramme may impact the pneumococcal disease burden in 
older adults in future years will require revision [42]. This will 
need to reflect the new trends observed post 2013/14 and 
account for the current observed burden of PCV-13 type 
pneumococcal disease in older UK adults, which is consider-
ably larger than was previously anticipated, and estimate how 
trends for these serotypes will likely continue. These data also 
suggest that relying on indirect protection induced by pedia-
tric PCV programmes alone may not always optimally reduce 
the corresponding disease burden in adults, particularly for 
certain serotypes, with more consideration needing to be 
given to the public health value and importance of directly 
protecting older adults with PCVs. In this context considera-
tion may need to be given to the observation that some 
emerging serotypes that are now major causes of pneumo-
coccal disease in older UK adults (e.g., serotypes 8 and 12F) 
have rarely been detected in younger age groups by recent 
UK carriage studies, with these younger age groups tradition-
ally considered to be the main carriers and transmitters of the 
pneumococcus [7,15,50–52]. Whilst this finding may reflect 
limitations with the methodology used for these carriage 
studies it nevertheless questions the extent to which indirect 
protection will be induced against these serotypes specifically 
by a routine pediatric PCV program. This possibly suggests 
that direct vaccination may especially be needed to optimally 
protect older adults against disease caused by these pneumo-
coccal serotypes. Estimating the future extent of indirect pro-
tection for older adults induced by pediatric PCV programmes 
may therefore be more complex than previously thought, 
need to incorporate insights from the latest and most con-
temporary local data available and may require more sophis-
ticated approaches.

Future trends for pneumococcal disease in older UK adults 
aged ≥65-years due to those additional serotypes included in 
higher valency next generation PCVs but not in PCV-13 will need 
to be carefully considered when use of these vaccines in older UK 
adults is assessed. Recent data shows that incidence due to 
several of these serotypes (e.g., serotypes 8 and 12F) unexpect-
edly began to rapidly increase post 2013/14 and these are now 
among the leading contributors to the adult pneumococcal 
disease burden in the UK [7,15]. This observation is not confined 
to the UK with serotypes 8 and 12F also having emerged in 
recent years to become leading causes of IPD in various other 

European countries [53]. There is, as yet, no clear explanation for 
this phenomenon nor is it known for how long this trend might 
continue [7]. Relevant data post 2013/14 should therefore be 
used to define current trends for pneumococcal disease due to 
these serotypes individually, explore how they may evolve in the 
future and for estimating the potential impact of directly vacci-
nating older adults with higher valency next generation PCVs.

The latest data highlights the unpredictability of pneumococ-
cal disease epidemiology and the difficulties in accurately pro-
jecting future trends in older adults [7,43]. Transmission between 
pediatric and unvaccinated adult age groups may also be more 
complex than previously thought with previous assumptions 
about the extent and consistency of indirect protection induced 
by routine pediatric PCV programmes over time possibly over 
optimistic [42,54]. New research suggests that carriage of 
Streptococcus pneumoniae in adults may previously have been 
underestimated, with significant transmission between older 
adults more likely than had previously been thought. This may 
have implications for interpreting the dynamics of pneumococ-
cal transmission and the value of vaccinating older age groups 
with pneumococcal conjugate vaccines [9,55–57].

A further issue that arises when considering possible 
future epidemiological trends for pneumococcal disease is 
the extent of population level impact that may potentially 
be achieved by directly vaccinating older adults with higher 
valency PCVs. Despite compelling evidence that PCV-13 is 
efficacious in adults aged ≥65-years it has been difficult to 
detect a measurable impact on vaccine type IPD following 
the introduction of routine vaccination with PCV-13 in this 
age group in the United States in 2014 when trends using US 
Active Bacterial Core Surveillance are considered. However, 
these data may need interpreting with caution as coverage of 
PCV-13 in older US adults has been low until more recently 
and this may contribute to the lack of impact observed. 
Furthermore, it is notable that IPD incidence in US adults 
has remained stable since routine PCV-13 vaccination for 
older adults began in 2014. This contrasts with data from 
the UK where older adults are not routinely vaccinated with 
PCV-13, with a clear trend of increasing incidence post 2013/ 
14 for PCV-13 serotype IPD in those aged ≥65-years [27,58]. 
Whilst higher valency PCVs are also anticipated to be effica-
cious, achieving appropriate uptake amongst older UK adults 
will be important if meaningful impact on the pneumococcal 
disease burden is to be observed at the population level.

4. Serotype 3
Previously all thirteen serotypes included in PCV-13 were 
assessed collectively, with PCV-13 considered efficacious 
against all thirteen when vaccinating immunocompetent UK 
adults aged ≥65-years [12]. Local data available at the time 
showed that post introduction of PCV-13 into the UK routine 
childhood immunization programme in 2010 trends for sero-
type 3 IPD had declined for all individual age groups [59] and 
that adult pneumococcal CAP due to serotype 3 had also 
declined [32]. This therefore suggested that PCV-13 would 
provide some direct protection against serotype 3 disease for 
UK adults aged ≥65-years.
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However, more recent data now available show that the 
declining trend for incidence of serotype 3 disease in UK 
adults ceased in 2013/14 and has subsequently increased 
substantially [7,15]. Whilst serotype 3 continues to be a rare 
cause of IPD in young children in the UK, incidence in those 
aged under 5 years has also risen post 2013/14 [7]. This 
unexpected change in trend for serotype 3 disease in the UK 
remains to be explained [7] with recent genomic data suggest-
ing the emergence of a new clade of serotype 3 pneumococci 
post 2014 [60]. Whilst it is hypothesized this clade might be 
able to more successfully evade the host immune system and 
possibly compromise the serotype 3 component of PCV-13 
any clinical implications are yet to be determined with further 
research needed. In addition to these changes in trend for 
serotype 3 disease, vaccine effectiveness estimated for PCV-13 
against serotype 3 IPD in UK children aged <5-years using 
routine national IPD surveillance data to June 2018 suggested 
protection was low compared to that for the other serotypes 
in PCV-13 though this estimate lacks precision due to the 
rarity of serotype 3 IPD cases in UK children [61]. Collectively 
these data have subsequently led to the ability of the serotype 
3 component of PCV-13 to directly protect against serotype 3 
disease to be questioned in the UK with the suggestion that 
future analyses might legitimately assume the serotype 3 
component of PCV-13 to be a non-vaccine serotype [7,15,61]. 
This assumption was recently used in a study modeling the 
impact of using a reduced primary dosing schedule of PCV-13 
in the UK [36]. However, there are other data that support 
direct PCV-13 protection against serotype 3 IPD in children 
[47,49]. These are now supported by a review of publicly 
available IPD surveillance data from a range of countries 
which suggest that PCV-13 provides some direct and indirect 
protection against serotype 3 at the population level [62]. 
Further evidence that PCV-13 protects pediatrics against ser-
otype 3 disease is additionally now reported by a study of 
otitis media in children aged 5–35 months which found effec-
tiveness of PCV-13 to be 89% (95%CI 23.9–98.4) [63]. However, 
the possibility is recognized that routine childhood immuniza-
tion programmes with PCV-13 may have only limited impact 
on carriage of serotype 3 pneumococci which may compro-
mise the extent of indirect protection induced against adult 
serotype 3 disease [48]. In the context of adult pneumococcal 
disease a recent analysis of data from a large randomized 
controlled clinical trial (RCT) showed PCV-13 provided some 
protection against serotype 3 CAP in adults aged ≥65-years 
(efficacy 61.5%; 95%CI 17.6–83.4) using subjects that met 
a clinical definition of CAP regardless of radiologic findings 
[64]. This finding has subsequently been supported by 
a systematic review and pooled analysis of published literature 
describing the effectiveness of PCV-13 against serotype 3 CAP 
in hospitalized adults aged ≥65-years. Whilst this study was 
based on a relatively small number of serotype 3 CAP cases 
(n = 67) it estimated vaccine effectiveness to be 53.6% (95%CI 
6.2–75.9) and similarly suggested that PCV-13 provides some 
direct protection against serotype 3 CAP in adults aged ≥65- 
years [65]. Some local expert opinion in the UK is also now 
supportive of this conclusion [10].

Published data describing PCV-13 efficacy or effectiveness 
specifically against serotype 3 IPD in older adults are currently 

not available. However, pneumococcal vaccines have consis-
tently been found to provide better protection against inva-
sive than noninvasive disease [66] with compelling data from 
a large RCT showing that collectively for all serotypes PCV-13 
efficacy is considerably higher for IPD than for CAP in adults 
aged ≥65 years [67]. Given the emergence of data showing 
that PCV-13 is efficacious in protecting older adults against 
serotype 3 pneumonia some, potentially substantial, protec-
tion against serotype 3 IPD in adults aged ≥65-years might 
therefore also be expected from PCVs that include serotype 3. 
In this context a recent analysis of Spanish surveillance data 
between 2009 and 2019 suggests a reduction in serotype 3 
IPD has been achieved in those Spanish adult populations 
aged ≥65-years directly vaccinated with PCV-13 [68].

Overall, emerging data therefore support the ability of PCVs 
that include a serotype 3 component to provide adults aged 
≥65-years with some meaningful protection against serotype 3 
pneumococcal disease. Baseline assumptions in analyses that 
consider a serotype 3 component of adult PCVs as a non- 
vaccine serotype should therefore be used with caution.

5. Mortality

Previously a 30-day case fatality rate (CFR) of 30% and 10% 
respectively was used for UK adults aged ≥65-years hospita-
lized with IPD and CAP [12]. However, relevant data to support 
these estimates were limited at the time and they were con-
sidered uncertain.

The 30% estimate used for 30-day CFR following IPD in UK 
adults aged ≥65-years was based on a study of IPD patients in 
England undertaken between 2002 and 2009 which found the 
30-day CFR in adults aged ≥65-years to be 31.5% [69]. 
However, this period reflects the pre PCV era and the first 
years of PCV-7 use prior to the introduction of PCV-13 into 
the routine UK childhood immunization programme. The epi-
demiology and pneumococcal serotype distribution in the UK 
is now very different and this will have implications for the 
contemporary 30-day CFR associated with pneumococcal dis-
ease [7]. Two recent UK studies are now available that provide 
more recent insight into the 30-day CFR in UK adults following 
IPD. Houseman et al [70] showed a trend of declining 30-day 
CFR between 2006 and 2016 in patients with IPD in the north- 
east of England. Whilst the trend of declining 30-day CFR was 
associated with each age group studied, 30-day CFR increased 
with increasing age and varied by individual serotype. The 
mean 30-day CFR for adults aged ≥65-years estimated across 
the full study period was 30% and reflects the estimate pre-
viously made by Van Hoek et al [69]. This estimate may not 
accurately reflect the 30-day CFR following IPD now experi-
enced by UK adults aged ≥65-years ten years after the intro-
duction of PCV-13. More recent UK data are used by Amin- 
Chowdhury et al [71] where routine national IPD surveillance 
data from England between 2014 and 2018 were analyzed 
reflecting the PCV-13 era alone. This study estimated the 30- 
day CFR following IPD for English adults aged ≥65-years to be 
24.8% across the study period. Additionally, 30-day CFR esti-
mates for older adults are further stratified into those aged 
65–79y (16.4%) and 80 + y (34.4%) illustrating the increase in 
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CFR with age in older adults. This study also showed that the 
emerging serotypes that are becoming important causes of 
IPD in the UK have a lower 30-day CFR. These new data 
suggest that the 30-day CFR following IPD in adults aged ≥65- 
years has declined following the introduction of PCV-13 and 
suggest an estimate of ~25% for this age group is now more 
appropriate to use rather than the previous estimate of ~30%. 
An important factor contributing to the decline in CFR is likely 
to be serotype replacement following the introduction of PCV- 
7 in 2006 and PCV-13 in 2010 which targeted those serotypes 
associated with the most severe outcomes, with new emer-
ging pneumococcal serotypes having a lower propensity for 
mortality.

The 30-day CFR estimate of 10% previously used for 
adults aged ≥65-years hospitalized with CAP was based on 
limited local UK data available at the time [32,72] and data 
from a large RCT undertaken outside the UK [67]. However, 
this estimate was acknowledged as being a compromise due 
to the wide range of CFRs reported by these sources (from 
1.8% to ≥20%). Rodrigo et al [32] also only provided CFR 
data for adults aged ≥16-years rather than for those aged 
≥65-years specifically. Relevant new data from the UK now 
available [15] describes a continuation of the study reported 
by Rodrigo et al [32] to 2017/18 but again only presents 30- 
day CFR for adults aged ≥16-years hospitalized with CAP. 
This was 7.5% and closely reflects the 6% previously 
reported [32]. Other UK data now available suggest the 30- 
day mortality for adults hospitalized with CAP is consider-
ably higher. A British Thoracic Society (BTS) audit of CAP in 
British hospitalized adult patients aged ≥16-years (median 
age of patients 77 years) undertaken between 2009 and 
2014 found overall 30-day mortality to be 18% with 
a trend that declined with time across the study period 
[73]. The 6th British Thoracic Society (BTS) national audit of 
CAP in adults presents data obtained between 
1 December 2018 and 31 January 2019 [74]. This reports 
a 30-day CFR of 13.6% for UK adults hospitalized with CAP 
but again this is for all adults aged ≥16-years (median age of 
patients 75 years) and is not further stratified by age. 
A further finding highlighted by this audit is that mortality 
in UK adults hospitalized with CAP has been decreasing over 
time and is currently at its lowest level for 10 years. 
Therefore, whilst some new UK data are now available, a 30- 
day CFR estimate following CAP remains uncertain for UK 
adults aged ≥65-years. Historical UK data describing hospital 
admissions for pneumonia between 1997 and 2005 also 
indicate that 30-day mortality is considerably higher in 
those aged ≥65-years compared to those aged <65-years, 
highlighting the relevance of having contemporary data 
specifically for older adults with pneumonia [72]. This also 
emphasizes a need for future studies that investigate the 
CFR following hospitalized CAP in UK adults aged ≥65-years 
specifically to help address this local data gap.

In the absence of published local data describing a 30-day 
CFR following hospitalization with CAP for UK adults aged 
≥65-years two recent studies undertaken outside the UK pro-
vide insight for this age group specifically. Arnold et al [34] 
reports a 30-day CFR of 17% for US adults aged ≥65-years 
hospitalized with CAP in the city of Louisville between 2014 

and 2016. Shi et al [33] presents a meta-analysis of global data 
from 1996–2017 for older adults hospitalized with pneumonia. 
The meta-estimate of 30-day mortality for those aged ≥65- 
years living in industrialized countries was 15.9% (95% CI 13.0– 
19.3). Lastly, a systematic review of global data describing 
clinical outcomes for hospitalized patients with CAP is also 
now available and gives some insight into mortality [75]. This 
shows that data describing mortality are limited but is an 
important clinical outcome that occurs in 10–15% of cases 
overall.

Collectively these data therefore suggest that for future 
analyses a 30-day CFR for UK adults aged ≥65-years hospita-
lized with CAP should be at least 10%. Whilst there is evidence 
that 30-day CFR in UK patients has been declining over the 
last decade the most contemporary data suggest an estimate 
of 13–15% could be considered reasonable for UK patients 
aged ≥65-years who are hospitalized with CAP.

There are currently only very limited and now historical UK 
data from a single study that provide some insight into mor-
tality following pneumonia treated in primary care [40]. This 
study estimated 30-day mortality in this context to be 18.5% in 
participants with a mean age of 57.6 years. However, when 
deaths in patients with probable hospital discharge diagnoses 
were excluded this reduced to 5.6%. This lower estimate 
reflects a 30-day mortality estimate of 5.3% from a study of 
pneumonia and non-pneumonia lower respiratory tract infec-
tions in primary care in the Netherlands that included adults 
aged 60 + years [76]. Contemporary data on mortality follow-
ing outpatient pneumonia is therefore lacking, with more 
research needed to obtain robust estimates that could usefully 
contribute to cost effectiveness analyses for PCVs in older UK 
adults if outpatient community pneumonia that is treated in 
primary care be included.

6. Efficacy, effectiveness, and duration of protection

Van Hoek and Miller used relevant published data available at 
the time (i.e., data that were available in 2015) to inform their 
assumptions regarding the efficacy and duration of protection 
provided by PCV-13 for immunocompetent adults aged ≥ 65- 
years [12]. Whilst this analysis did not specifically assess PPV23 
Van Hoek and Miller concluded that PPV23 had only limited 
effectiveness and short duration of protection against PPV23 
vaccine type IPD and a lack of protection against pneumococ-
cal-attributed CAP, and overall had achieved little impact on 
pneumococcal disease in those aged ≥ 65-years in the UK [12]. 
This also reflected the conclusions drawn by the JCVI in 
October 2015 [11,77]. However, since a single dose of PPV23 
is currently routinely offered to all immunocompetent UK 
adults aged ≥ 65-years cost effectiveness assessments of rou-
tine use of next generation higher valency PCVs in older adults 
may need to include comparison with PPV23. The previous 
conclusions of Van Hoek and Miller of the effectiveness and 
duration of protection of PPV23 may therefore need to be 
reviewed and any relevant new data considered. In this con-
text a more recent assessment of PPV23 effectiveness against 
IPD has been undertaken in UK adults aged ≥65-years in 
a large national study using all relevant IPD data to 2016/17. 
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This analysis similarly concluded that PPV23 has only limited 
short term protection against PPV23 vaccine type IPD with no 
evidence of any impact at the population level [28]. 
Collectively relevant published studies to date investigating 
PPV23 protection against pneumonia show considerable var-
iation in study design and clinical outcome targeted, making it 
difficult to draw definitive conclusions. However, there is a lack 
of consistent evidence demonstrating the effectiveness of 
PPV23 against CAP in older adults [10,78]. Whilst a recent 
systematic review [66] considered only data published 2016– 
2019 and concluded that PCV-13 and PPV23 were similarly 
effective against vaccine-type pneumonia and a recent review 
of data published from 2010 to 2020 suggested PPV23 may 
provide some benefit against vaccine type pneumococcal 
pneumonia for older adults [79], the issue of inconsistency 
nevertheless remains when the full wider body of effective-
ness data for PPV23 against pneumonia are considered that 
includes more historical data. However, a new study now 
provides contemporary data on the vaccine effectiveness of 
PPV23 against hospitalized vaccine type pneumococcal CAP in 
UK adults specifically [80]. This was undertaken in a local 
population in the Greater Nottingham region using data col-
lected between 2013 and 2018. It included adults aged ≥ 16- 
years but had only limited representation of older adults aged 
≥ 65-years. The PPV23 vaccine effectiveness estimated in those 
aged ≥ 65-years and ≥ 75-years was 20% (95%CI −5%–40%) 
and 5% (95%CI −37–35%), respectively. The ability to draw 
robust conclusions in this context is compromised by the 
small number of adults aged ≥ 65-years included in the 
study and cannot therefore be considered to provide strong 
evidence that PPV23 provides some meaningful protection for 
older UK adults against pneumococcal pneumonia. This study 
also attempted to investigate duration of protection of PPV23 
against CAP in UK adults. However, the relevant data are 
clearly problematic to interpret and similarly do not permit 
robust and confident conclusions to be made in this context. 
The authors conclusion that PPV23 provided UK adults aged 
≥ 65-years with moderate long-term protection must therefore 
be viewed with caution. Overall, there are therefore no com-
pelling new data to suggest the previous position taken by 
both the JCVI and Van Hoek and Miller that PPV23 provides UK 
adults aged ≥ 65-years with limited short-term protection 
against IPD and no protection against pneumococcal CAP 
should be changed [12,77]. Any new assumption that PPV23 
may protect older UK adults aged ≥ 65-years against CAP will 
need to be strongly supported by high-quality new data.

The previous assessment by Van Hoek and Miller considered 
that PCV-13 would be efficacious in immunocompetent UK 
adults aged ≥ 65-years [12]. This was based on data from 
a large RCT undertaken in adults aged ≥ 65-years in the 
Netherlands between 2008 and 2013 which showed efficacy of 
PCV-13 against vaccine-type IPD and CAP to be 75% and 45.6% 
respectively [67]. These continue to be the highest quality and 
most robust data available for assessing efficacy of PCV-13 
against pneumococcal disease in older adults. Therefore, in the 
absence of any relevant new high-quality data, this RCT is 
expected to similarly form the basis for estimates of protection 
likely afforded by next generation higher valency PCVs against 
pneumococcal disease in older UK adults. Furthermore, data 

from a large observational study using a test negative design 
are also now available and support substantial PCV-13 effective-
ness against CAP in adults aged ≥ 65-years (73%; 95%CI 13–92) 
[81]. These observational effectiveness data are unlikely to super-
sede the efficacy data presented by Bonten et al [67] but may be 
valuable to inform scenario analyses.

Some uncertainty persists regarding the duration of protec-
tion afforded by PCV-13, with only limited relevant data avail-
able. The RCT undertaken by Bonten et al concluded that PCV-13 
efficacy occurred soon after vaccination and persisted through-
out the duration of the clinical trial (almost 4 years) with no 
obvious decline in protection [67]. These data were used in the 
assessment by Van Hoek and Miller [12] but given the limited 
duration of follow up, lifelong protection following vaccination 
with PCV-13 was not assumed. Instead a waning scenario was 
employed which was considered to reflect a conservative 
approach. This assumed a constant protection for the first nine 
years post vaccination after which it would drop every 5 years 
until 20 years post vaccination when subsequent onward levels 
of protection remain constant [12]. A subsequent post-hoc ana-
lysis of the RCT described by Bonten et al is also now available 
that provides some new data on this aspect [82]. This included 
one additional year of follow up and found PCV13 was protective 
against both IPD and CAP in adults aged ≥65-years over the 
5-year period with no waning of efficacy observed during the 
additional year of observation included. Unless any new relevant 
data subsequently become manifest it is likely these data will be 
used to inform assumptions regarding duration of protection for 
assessments of cost-effectiveness for next generation higher 
valency PCVs. These suggest it may not be unreasonable to 
assume that protection afforded by higher valency next genera-
tion PCVs is unlikely to wane rapidly and will be relatively long 
lasting with no substantial decline for the first decade. However, 
at present this remains an important area of uncertainty.

7. Cost and quality of life

In their assessment of the cost-effectiveness of PCV-13 in immu-
nocompetent UK adults aged ≥ 65 years Van Hoek and Miller [12] 
stated that costs and QALY loss remained uncertain parameters. 
Those used were based on the analysis of Rozenbaum et al [83] 
and were derived from NHS reference costs. Van Hoek and Miller 
made adjustment for inflation, with £715 and £4,800 estimated as 
the cost of hospital admission with CAP and IPD, respectively. 
Whilst there is currently no new evidence indicating the cost of 
hospital admission with IPD should be reviewed, UK government 
guidance now available on payment by results in the NHS suggests 
£715 may underestimate the cost of hospital admission with CAP, 
possibly substantially [84]. Tariff information for a case of lobar, 
atypical or viral pneumonia with and without complications is 
listed at £4,165 and £1,675 per day respectively for an ordinary 
elective spell. For a non-elective spell, the tariff is £3,214 and 
£936 per day for cases with and without complications. 
Complications of pneumonia are more common in the elderly 
and those with long-term health conditions [85]. This suggests 
that pneumonia cases with complications will be more frequent 
in adults aged ≥65-years and this should be taken into considera-
tion when estimating the cost of hospitalization, and that the 
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higher cost estimates associated with complications may be more 
appropriate in this age group. However, further research is needed 
to confirm the cost of a hospital admission for CAP for UK adults 
aged ≥65-years. Until new data become available the estimate of 
£715 previously used in the cost effectiveness assessment of PCV- 
13 should be considered with caution since the cost of hospitaliza-
tion for UK adults aged ≥65-years with CAP could be substantially 
higher.

Van Hoek and Miller used an overall QALY loss for IPD that 
declined with increasing age (ranging from 0.14 for those 
aged 65 years to 0.01 for those aged 100 years) and used an 
assumption that the QALY loss for CAP in adults aged 
≥ 65 years was 0.006 [12]. This estimate of the impact of IPD 
on patients’ health related quality of life (HRQoL) has been 
used in many other economic evaluations of adult pneumo-
coccal conjugate vaccination [83,86–88]. However, it is based 
on an assessment of parents views of the impact of IPD on 
their children’s HRQoL rather than being measured in adult 
patients themselves [89]. Findings of a recent systematic 
review of the literature suggest the impact of pneumococcal 
sepsis and bacteremia on adults’ HRQoL may be much larger 
than previously estimated, with adult IPD being associated 
with negative utility values (i.e., worse than death health 
states) [90]. Moreover, two new studies both estimate the one- 
year excess QALY loss due to CAP to be much higher for adults 
aged ≥65-years at 0.13 [91,92] and assessments of the cost 
effectiveness of higher valency next generation PCVs should 
now consider using this value as a baseline figure. Previously 
economic evaluations of PCV-13 also assumed that patients 
surviving IPD or CAP would return to a health state reflecting 
similarly aged healthy individuals. There is growing evidence 
from both UK and wider global data that adult patients who 
survive IPD or CAP experience increased morbidity and mor-
tality [93–101]. Future analyses of the cost effectiveness of 
higher valency next generation PCVs may therefore need to 
consider ways to capture the reduced health state subse-
quently experienced by individuals following an episode of 
pneumococcal disease to reflect the full value these pneumo-
coccal conjugate vaccines can potentially provide.

8. Conclusions

The previous cost effectiveness analysis for PCV-13 undertaken 
by Van Hoek and Miller was a robust assessment using all 
relevant data that were available at the time. Wherever possi-
ble, local UK data were utilized to ensure the analysis was as 
bespoke as possible to the UK adult population aged ≥65- 
years. However, for some parameters relevant insight and data 
inputs were limited. During the five years since this analysis 
was undertaken substantial new local and global data have 
emerged, which supersede those previously used, helping to 
address some of the areas of uncertainty that previously 
existed. These new data also provide critical insight into new 
epidemiological trends for pneumococcal disease in older UK 
adults that have emerged since 2013/14 and enable the accu-
racy of previous predictions to be assessed. Some areas of 
uncertainty continue to persist, particularly regarding the 
duration of protection afforded by PCVs when older immuno-
competent adults are directly vaccinated. Appropriate use of 

these new, more contemporary data will therefore be critical 
for supporting any cost effectiveness assessments of vaccinat-
ing immunocompetent ≥65 year olds in the UK with new 
generation higher valency PCVs.

The body of relevant data that now exists suggests the UK 
is well placed to make robust and informed assessments 
regarding the cost effectiveness of vaccinating immunocom-
petent ≥65-year olds with the new generation higher valency 
PCVs that are expected to shortly become available. These 
new, more contemporary data that are available provide 
important inputs for key parameters for cost effectiveness 
models and provide key insight into new emerging trends 
and the accuracy of previous predictions. Making informed 
and robust decisions about use of these new higher valency 
PCVs for routine use in older adults will be important for 
public health in the UK.

9. Expert opinion

In addition to the fifteen and twenty valent PCVs that are now 
in late development, two twenty-four valent PCVs have 
entered human trials with a thirty valent product also at 
a preclinical stage [102]. These have the potential to protect 
individuals against an increasing range of pneumococcal ser-
otypes and suggests the need to make robust and timely 
assessments of PCVs for potential routine use in older UK 
adults will continue for both the medium and longer-term 
future as development of these new higher valency candi-
dates progresses. Research initiatives into adult pneumococcal 
disease will therefore need to be continued in the UK over the 
coming decade with ongoing surveillance critical for timely 
insight into the latest epidemiological trends and the adult 
pneumococcal disease burden. Whilst a high quality national 
routine surveillance system is well established in the UK for 
IPD, surveillance of adult CAP should be expanded beyond the 
current small local geographical area. Stratification of these 
surveillance data by individual pneumococcal serotype will 
also continue to be very important, particularly for assessing 
new PCVs that include broader ranges of serotypes. Current 
methodology used in the UK enables all individual serotypes 
causing IPD to be identified but this is not yet the case for 
pneumococcal CAP [7,15]. This suggests there is a need to 
develop new assays that can detect more than the 24 pneu-
mococcal serotypes in urine specimens from patients with 
CAP that the current generation of multiplex urinary antigen 
detection assays are capable of [37,103].

The body of relevant data that can now be used to support 
cost effective analyses of PCVs in immunocompetent UK 
adults aged ≥ 65 years has increased considerably in the last 
5 years. These new data address some of the uncertainty that 
previously existed when the assessment of PCV-13 was under-
taken and will help make subsequent cost-effectiveness ana-
lyses for use of new higher valent PCVs in older UK adults 
much more robust, but data gaps still exist. For example, 
whilst the UK has a high-quality routine national surveillance 
system for IPD further studies are needed into the burden of 
hospitalized CAP in the UK population of older adults, parti-
cularly to provide more robust incidence estimates and the 
proportion that is specifically being caused by the 
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pneumococcus (and specific pneumococcal serotypes). 
A knowledge gap that remains in the UK is the burden of 
pneumococcal pneumonia in immunocompetent older adults 
that is treated in primary care. Whilst this may not be a key 
factor that influences cost effectiveness assessments of PCVs it 
may contribute substantially to the burden of disease cur-
rently handled by the primary care health service in the UK, 
suggesting that vaccinating UK adults aged ≥ 65-years with 
higher valency PCVs could potentially relieve some of the 
continuing pressure the NHS finds itself under, in particular 
during the winter months. Future research initiatives should 
therefore consider further investigating this topic in the UK. 
Additional research is also needed to accurately define the 
current cost of treating a case of hospitalized adult CAP in the 
UK with the £715 previously used possibly a substantial 
underestimate.

An important issue highlighted by new data that are now 
available is the unpredictable epidemiological nature of pneu-
mococcal disease and the difficulty with confidently projecting 
longer term trends, particularly when certain individual sero-
types are considered [7]. Accurately projecting future trends 
for pneumococcal disease in older UK adults and the extent to 
which this is influenced by indirect protection induced by 
routine pediatric PCV programmes therefore remains 
a challenge and needs to be approached with caution in 
future cost effectiveness analyses. Whilst great value is often 
given to the ability of PCVs to induce indirect protection in 
adult populations, assumptions that indirect protection alone 
induced by a pediatric PCV programme will rapidly reduce the 
vaccine type adult disease burden to negligible levels within 
a few years may be overly optimistic with more consideration 
for the public health value of directly protecting older adults 
warranted. This also suggests that new carriage studies will 
continue to be valuable in the UK to monitor carriage trends 
in younger age groups over time for individual pneumococcal 
serotypes, particularly for those that have recently emerged as 
important causes of disease in older adults but have rarely 
been detected in carriage studies to date. This may help to 
better understand the extent to which new generation higher 
valency PCVs may impact pediatric carriage of the pneumo-
coccus and induce indirect protection once they become 
available for use in routine pediatric programmes.

Future cost effectiveness assessments of new generation 
higher valency PCVs in immunocompetent UK adults aged 
≥ 65-years may choose to replicate the methodology used 
previously by Van Hoek and Miller and just update this by 
incorporating those relevant new data now available [12]. 
However, data are now emerging that highlight various addi-
tional aspects and approaches that subsequent cost effective-
ness assessments of PCVs may want to consider incorporating 
to more accurately reflect the full value of these vaccines. For 
example, there is growing evidence that older adults who 
recover from pneumococcal disease do not return to their 
previous health state and subsequently experience an 
increased risk of morbidity and mortality, with implications 
that may influence the cost effectiveness of routine adult 
PCV programmes when a longer term perspective is consid-
ered [96–101]. Future assessments should also consider 

including the broader socioeconomic consequences that rou-
tine vaccination of the elderly with higher valency PCVs could 
have and the potential additional value they offer in this 
context [104]. There is also the growing problem of antimicro-
bial resistance (AMR) and the extent to which routinely vacci-
nating UK adults with higher valency PCVs could help in 
reducing use of antimicrobials that would otherwise be used 
to treat adults with pneumococcal disease [105–107]. Lastly 
there is compelling evidence now becoming manifest that 
vaccinating older adults with PCVs is associated with 
a significant risk reduction of all cause pneumonia and that 
approaches incorporating this aspect may be needed to esti-
mate the full public health impact PCVs can have on this 
disease burden in the older adult population and this topic 
has recently been reviewed in detail [108–111]. Given the 
importance of including the broader public health impact of 
vaccines when making public health policy decisions, cost 
effectiveness analyses of higher valency PCVs that incorporate 
this approach may provide an important new perspective and 
insights into the full value of these vaccines.

Historically dynamic transmission models have not been 
used in cost effectiveness assessments of PCVs in older adults 
as relevant data have suggested pneumococcal carriage is 
very rare in older adults with those aged ≥65-years contribut-
ing very little to pneumococcal transmission. This has been 
supported by the body of UK carriage data available to date 
which has consistently found that carriage in UK adults was 
only rarely detected using standard methodology [50–52,112]. 
However, recent research using new methodological 
approaches is now suggesting that respiratory carriage of 
Streptococcus pneumoniae may have been substantially under-
estimated in older age groups and is highlighting evidence of 
a possible transmission reservoir among adults [55–57]. This 
research is currently at an early stage, but should similar data 
continue to emerge suggesting a role of older adults in pneu-
mococcal transmission the use of dynamic transmission mod-
els in cost effectiveness assessments of PCVs in older adults 
may need to be considered. Furthermore, this may strengthen 
the case for vaccinating older age groups with pneumococcal 
conjugate vaccines specifically given their ability to impact 
carriage and interrupt transmission [9,26,113–115].

The devastating morbidity and mortality caused by the 
COVID-19 pandemic has increased public awareness and 
understanding of the importance of adult vaccination more 
broadly, particularly for those that can help protect the elderly 
against important causes of respiratory disease. There is also 
speculation emerging regarding a potential direct benefit of 
pneumococcal vaccines on the prevention of COVID-19. 
Possible SARS-CoV-2-pneumococcus associations with plausi-
ble immunological mechanisms are being hypothesized by 
which pneumococcal vaccines may potentially improve the 
immune response to SARS-CoV-2 [16,116–118]. This will 
require careful research before any firm conclusions can be 
drawn, but some supportive data are available from a study of 
a nine-valent PCV in South African children and a study of 
PCV-13 in US adults aged ≥65-years [17,119]. These data sug-
gest that the pneumococcus may have a role in the develop-
ment of pneumonia associated with COVID-19 and that PCVs 
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may help prevent COVID-19 associated pneumonia in both 
pediatric and older adults, particularly severe COVID-19 out-
comes. However, the importance of vaccination against SARS- 
CoV-2 for all eligible individuals remains paramount to con-
trolling the COVID-19 pandemic. Regardless of any possible 
direct benefit of pneumococcal vaccines for the prevention of 
COVID-19, a higher valency PCV nevertheless has the potential 
to help reduce pressure on the NHS, especially in the context 
of the COVID-19 pandemic and the disease burden this is 
causing, by decreasing the burden of pneumococcal disease 
in older UK adults. Furthermore, data are now emerging from 
the UK showing that co-infection with the pneumococcus and 
SARS-CoV-2 is associated with a very high case fatality rate, 
particularly in older adults [120]. This suggests a possible 
synergistic effect between SARS-CoV-2 and the pneumococ-
cus, with prior pneumococcal infection increasing the risk of 
infection and severe illness associated with SARS-CoV-2 infec-
tion [18]. These data are currently limited to just IPD where 
such co-infections have so far been infrequent, with further 
research also needed to investigate SARS-CoV-2 co-infection 
and mortality in those with noninvasive pneumococcal disease 
to provide full insight into the public health implications of 
this observation. However, to date co-infection with the SARS- 
CoV-2 virus and the pneumococcus has been rarely identified 
[21,22].

How the COVID-19 pandemic evolves in the UK and how 
successfully and rapidly it can be brought under control 
through widespread vaccination, with vaccination of the 
elderly considered critical [121], may have important implica-
tions for adult vaccines in the future and the priority given to 
new higher valent adult PCVs when they become available. 
Various COVID-19 vaccines are in development with three now 
authorized for temporary supply under Regulation 174 in the 
UK [122,123]. Widespread vaccination with COVID-19 vaccines 
in the UK has therefore now begun in earnest with immuniza-
tion of the elderly prioritized [121]. This unprecedented roll 
out of an adult vaccine in the UK may influence thinking about 
the future public health role and need to invest in vaccines 
that protect the health of older adults specifically. However, 
there is evidence emerging that the COVID-19 pandemic and 
subsequent social distancing measures and national lock-
downs imposed in the UK have been associated with 
a reduction in transmission of common respiratory infections, 
including the pneumococcus [23]. A large decline in IPD across 
all age groups has occurred, with the assumption that non-
invasive pneumococcal disease has been similarly impacted 
[120]. Whilst the burden of adult pneumococcal disease has 
declined this may only prove to be temporary once relaxation 
of social distancing measures are permitted, allowing trans-
mission of the pneumococcus to return to pre pandemic 
levels. How common respiratory pathogens may reemerge in 
the post COVID-19 era remains very uncertain with a recent 
modeling study is predicting that large outbreaks of respira-
tory disease could occur in the years following the removal of 
social distancing measures as a result of a buildup of suscep-
tible individuals [124]. Whilst this study primarily focused on 
influenza and RSV, it illustrated the potential for social distan-
cing measures to impact the dynamics and persistence of 
a much wider range of infections, including the 

pneumococcus. Finally, it is also becoming evident that circu-
lation of the SARS-CoV-2 virus may persist in the longer term 
with new strains emerging [19,20]. This suggests co-infections 
of SARS-CoV-2 virus with the pneumococcus could become 
more frequent if normal transmission of common respiratory 
infections resumes once social distancing restrictions are 
eased. Given there is some evidence suggesting co-infection 
with the pneumococcus and SARS-CoV-2 virus is associated 
with more severe illness and outcomes, vaccinating older UK 
adults with higher valent PCVs could potentially become addi-
tionally important in the post COVID era [120].

In conclusion, the global COVID-19 pandemic has added 
a potential new perspective to decision making for adult 
vaccines that target causes of respiratory disease. At the time 
of writing there is much uncertainty about how the epidemiol-
ogy of the pneumococcus may re-emerge in the UK in the 
post COVID era and the extent to which strains of the SARS- 
CoV-2 virus will continue to circulate. Ongoing high-quality 
surveillance and research will be important to answer these 
questions and will help inform the public health need and role 
of higher valency adult PCVs in the UK.
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ABSTRACT
Objectives: Despite the current pneumococcal vaccination program in England for older adults and 
adults with underlying conditions, disease burden remains high. We evaluated cost-effectiveness of 20- 
valent pneumococcal conjugate vaccine (PCV20) compared to current pneumococcal recommendations 
for adults in England.
Methods: Lifetime outcomes/costs of invasive pneumococcal disease (IPD) and community-acquired 
pneumonia (CAP) among adults aged 65–99 years and adults aged 18–64 years with underlying 
conditions in England were projected using a deterministic cohort model. Vaccination with PCV20 
was compared with 23-valent pneumococcal polysaccharide vaccine (PPV23) from the National Health 
Service perspective.
Results: PCV20 was cost saving compared with PPV23 in base case and most sensitivity analyses. In the 
base case, replacing PPV23 with PCV20 prevented 7,789 and 140,046 cases of IPD and hospitalized CAP, 
respectively, and 22,199 associated deaths, resulting in incremental gain of 91,375 quality-adjusted life- 
years (QALYs) and incremental savings of £160M. In probabilistic sensitivity analyses, PCV20 (vs. PPV23) 
was cost saving in 85% of simulations; incremental cost per QALY was below £30,000 in 99% of 
simulations.
Conclusions: PCV20 vaccination in adults aged 65–99 years and those aged 18–64 years with under-
lying comorbidities in England is expected to prevent more hospitalizations, save more lives, and yield 
lower overall costs than current recommendations for PPV23.
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1. Introduction

Streptococcus pneumoniae (pneumococcus) causes signifi-
cant morbidity and mortality in both children and adults 
in the United Kingdom (UK) [1]. Invasive pneumococcal 
disease (IPD) is the most serious manifestation causing 
severe illness with a high risk of mortality [2–4]. 
Community-acquired pneumonia (CAP), however, is far 
more common and associated with significant morbidity 
and mortality [5–8]. Between 2010 and 2017, there were 
more than 4,000 cases of IPD in England and Wales annually 
[3]. Estimates of the burden of hospitalized CAP vary con-
siderably, ranging from 80,000 to half a million cases, and 
a recent study of UK adults found 37% of persons hospita-
lized with CAP between 2013 and 2018 had pneumococcal 
pneumonia [5,6,9].

To reduce the risk of pneumococcal infection in the UK, 
routine vaccination is currently recommended by the Joint 
Committee on Vaccination and Immunisation (JCVI) for infants, 
at-risk children and adults (i.e. aged ≥2 years), and all older 
adults (i.e. aged ≥65 years) [10]. Two vaccines are currently 
available for use in the UK: a 23-valent pneumococcal poly-
saccharide vaccine (PPV23) manufactured by Merck Sharpe & 

Dohme (MSD), for which evidence suggests protection against 
vaccine-type IPD (VT-IPD) only [11–26], and Pfizer’s 13-valent 
pneumococcal conjugate vaccine (PCV13), which has been 
shown to protect against VT-IPD and vaccine-type CAP (VT- 
CAP) [27].

PPV23 has been recommended for all persons aged 
≥2 years with underlying conditions (e.g. chronic comorbid-
ities and immunosuppressive conditions) since 1992 and for all 
older adults since 2003 [28]. Although PPV23 coverage is high 
(65% among adults aged ≥65 years), surveillance data suggest 
that its use has provided only low to moderate short-term 
direct protection against IPD and has not had a population- 
level impact on IPD burden given that serotypes unique to 
PPV23 continue to account for a large proportion of IPD 
among older adults [2,29]. Immunization of children aged 
<2 years with PCVs – including 7-valent PCV (PCV7) from 
2006–2009 and PCV13 from 2010 to present – has prevented 
a significant number of cases of pneumococcal disease and 
associated deaths through the direct protection of young 
children and indirect protection of older children and adults 
[3,30]. Nonetheless, the burden of both IPD and CAP remains 
substantial among adults [6,9,30].
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Two new, higher valent PCVs – PCV15 and PCV20 – have 
recently been approved by the Medicines and Healthcare pro-
ducts Regulatory Agency for use among adults in the UK, how-
ever, at the time of writing JCVI has not published revised 
pneumococcal vaccination guidelines since their approval. PCV15 
(manufactured by MSD) includes the serotypes in PCV13 (1, 3, 4, 5, 
6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F) plus two additional sero-
types (22F, 33F) and PCV20 (manufactured by Pfizer) includes the 
serotypes in PCV15 plus five additional serotypes (8, 10A, 11A, 12F, 
15B). Although PCV13 is only recommended among a very limited 
subgroup of high-risk UK adults, it is anticipated that these new 
PCVs may reduce disease burden in adults versus PPV23 – due to 
their broader serotype coverage than existing conjugate vaccines 
and expected greater, longer-lasting protection compared to 
PPV23 [2,31–36] – and thus may be a cost-effective use of health-
care resources. However, analyses of cost-effectiveness of use of 
higher-valent PCVs among adults in England have not been pre-
viously published. Accordingly, we evaluated the cost- 
effectiveness of PCV20 alone as well as various other strategies 
against a single dose of PPV23 in a population of adults currently 
eligible for pneumococcal vaccination in England.

2. Methods

2.1. Model description

A deterministic model with a Markov-type process was used to 
depict the lifetime risk of clinical outcomes and economic costs of 
pneumococcal disease in a hypothetical closed population com-
prising all adults aged 65–99 years and adults aged 18–64 years 
with underlying conditions in England (i.e. those adults currently 
eligible for vaccination with PPV23) (Figure 1). The model popula-
tion is stratified at model entry by age (i.e. in one-year increments) 
and risk profile (i.e. low, moderate, or high risk). Persons may 

transition to a higher risk group, but not to a lower risk group, 
during the modeling horizon. Persons in the model population 
may be assumed to receive any of the following at model entry or 
subsequently: PCV20, PCV20→PPV23 (i.e. PCV20 at model entry 
[i.e. year 1] followed by PPV23 at start of year 2), PCV15→PPV23 
(i.e. PCV15 at model entry followed by PPV23 in year 2), PPV23, 
PPV23+PPV23 (i.e. PPV23 at model entry and again at start 
of year 6), or no vaccine.

Expected clinical outcomes and economic costs are projected 
annually for the model population, based on age, risk profile, 
disease/fatality rates, vaccination status, and unit costs of vaccina-
tions and medical care. IPD includes bacteremia and meningitis, 
and all-cause CAP is stratified by care setting. Vaccinated persons 
may be at lower risk of future IPD and all-cause CAP; the magnitude 
of vaccine-associated risk reduction depends on clinical presenta-
tion, vaccine type(s), proportion of disease that is vaccine- 
preventable, age, time since vaccination, and risk profile. Risk of 
death from IPD, all-cause CAP, and other causes depends upon age 
and risk profile. Expected medical treatment costs for IPD and all- 
cause CAP are generated based on event rates and unit costs in 
relation to care setting. Vaccination costs are tallied in the year of 
vaccine administration. Clinical outcomes and economic costs 
projected for each vaccination strategy include IPD and all-cause 
CAP cases and attributable deaths, life-years (LYs), quality-adjusted 
LYs (QALYs), and costs of vaccination and medical treatment.

2.2. Model estimation

A summary of methods employed to estimate key model 
parameters is set forth below; corresponding parameter values 
are summarized in Table 1. A detailed description of methods 
employed to estimate all model parameters is provided in 
Supplement A.

Figure 1. Model schematic.
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2.2.1. Population
The model population size (N = 15.6 M) and age distribution were 
based on the estimated population in England in 2022, the year 
when PCV20 became available for adults [37]. Persons in each age 
group were allocated into low-, moderate- (immunocompetent 
with underlying medical conditions), and high-risk (immunocom-
promised) subgroups based on risk factors defined in The Green 
Book of Immunisation against infectious disease, Chapter 25 [28] 
and published risk distributions [38] (see Supplement A for 
a comprehensive description of conditions considered).

2.2.2. Rates of IPD
Annual incidence of IPD was estimated by age (in one-year 
increments) and risk profile using the most recent age-specific 
disease rates available [2,3], age-specific distributions by risk 
profile, and age-specific odds ratios (ORs) for IPD by risk profile 
[38]. IPD rates were apportioned between bacteremia and 
meningitis based on a recent prospective study [4].

2.2.3. Rates of all-cause CAP
Annual incidence of all-cause hospitalized CAP was estimated 
by age and risk profile using age-specific rates of radiologically 
confirmed pneumonia from a recent prospective study con-
ducted in Bristol, UK [5], age-specific distributions by risk 
profile [38], and age-specific fully adjusted ORs for all-cause 
hospitalized CAP by risk profile [39]. All-cause outpatient CAP 
was not considered in base case analyses.

2.2.4. Effectiveness of PCVs
For PCVs, vaccine effectiveness (VE) was based principally on 
randomized control trial data from the Community-Acquired 
Pneumonia Immunization Trial in Adults (CAPiTA) [27], which 
provides efficacy estimates for PCV13 and has been used in 
previous PCV20 cost-effectiveness analyses [40]. Initial effec-
tiveness of PCVs against VT-IPD and VT-CAP for low- and 
moderate-risk persons aged ≥18 years was based on data 
from CAPiTA and post hoc analyses [27,41]. Initial VE against 
VT-IPD and VT-CAP for high-risk persons aged 18–99 years was 
assumed to be equal to 80% of corresponding values for low-/ 
moderate-risk persons [42,43]. Initial VE-PCV was assumed to 
persist for 5 years, consistent with CAPiTA [27,44], and to wane 
thereafter, as follows: 5% annual decline during years 6–10, 
10% annual decline during years 11–15, and no efficacy 
from year 16 through the end of the modeling horizon [41].

2.2.5. Effectiveness of PPV23
For VE-PPV23, we used the most recent real-world effective-
ness studies conducted among UK adults, which are in line 
with assumptions for VE-PPV23 employed in previously pub-
lished cost-effectiveness analyses. Risk-specific VE-PPV23 
against VT-IPD for persons aged ≥18 years was derived from 
the study by Djennad et al. [2]. VE-PPV23 against VT-CAP was 
assumed to be zero based on findings by Lawrence et al. 
which do not provide robust evidence that PPV23 confers 
any meaningful protection against hospitalized CAP to older 
UK adults and is consistent with findings of a recent meta- 
analysis [26,45]. Beyond year 1 of the modeling horizon, VE- 
PPV23 against VT-IPD was assumed to decline [2] linearly, as 

follows: decline to 76.2% of initial VE by year 5, and decline to 
no efficacy by year 10.

2.2.6. Serotype coverage
Age-specific vaccine serotype coverage for IPD was based on pro-
spectively collected surveillance data for 2016/2017 [2,3]. Vaccine 
serotype coverage for all-cause CAP was based on serotype cover-
age for pneumococcal CAP and the proportion of CAP due to 
pneumococcus in 2017/2018 [6]. Serotype coverage for pneumo-
coccal CAP was assumed to be the same irrespective of age.

Herd effects for serotypes unique to PCV15 and PCV20 (vs. 
PCV13) were assumed to begin one year after the correspond-
ing pediatric immunization program is expected to be imple-
mented (i.e. model years 3 and 4, respectively). Serotype 
coverage for PPV23 was also reduced to account for the 
impact of herd effects on serotypes common to PPV23 and 
PCV20. Reductions in serotype coverage due to herd effects 
from childhood vaccination were based on the observed 
impact of PCV13 on the five additional serotypes in PCV13 
not in PCV7 (excluding serotype 3) [3]. Reduction in serotype 
coverage was assumed to peak by year 10 and to be sustained 
at that level thereafter.

2.2.7. Costs
Costs of IPD (bacteremia, £4,542; meningitis, £5,600) and all-cause 
hospitalized CAP (£4,192) were derived based on average costs 
per finished consultant episode (FCE) from the 2019/2020 National 
Health Service (NHS) reference costs [46] and the average number 
of FCEs per admission from the Hospital Episode Statistics for 
England [9]. Prices of PPV23 (£16.80), PCV13 (£49.10), PCV15 
(£50.30), and PCV20 (£56.50) were based on list values [47,48]. 
Vaccine administration cost (£10.06) was based on the General 
Practice Contract (2019) [49].

2.2.8. Utilities
Age- and risk-specific general population health-state utility values 
(HSUVs) were based on a published study of HSUVs for English 
adults [50]. For persons who experienced IPD or all-cause CAP, an 
annual utility decrement (0.13) was applied during the year in which 
the event occurred [51]. Both utilities and disutilities were estimated 
based on data sources which employed the EQ-5D instrument.

2.3. Analyses

2.3.1. Base Case
Clinical outcomes and economic costs were projected for the 
model population under PCV20 alone, PCV20→PPV23, 
PCV15→PPV23, and PPV23+PPV23 (hypothetical recommenda-
tions) and PPV23 (single dose, currently recommended for 
eligible NHS patients). Vaccine coverage for each strategy 
was assumed on par with current PPV23 coverage levels [29]. 
Future costs, LYs, and QALYs were discounted at 3.5% 
annually; analyses were conducted from the NHS (i.e. health-
care system) perspective. Cost-effectiveness was assessed con-
sidering the £20,000–30,000/QALY gained threshold range 
employed by the National Institute for Health and Care 
Excellence (NICE) and JCVI [52].
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2.3.2. Subgroup and Sensitivity
Subgroup analyses were conducted comparing PCV20 versus 
PPV23 among all adults aged 65–99 years and adults aged 18– 
64 years with underlying conditions, respectively. Selected sen-
sitivity analyses comparing PCV20 versus PPV23 were conducted 
in which alternative input values were employed for key model 
parameters. Probabilistic sensitivity analyses (PSA) were con-
ducted (1,000 replications) for all strategies considered to 
account for uncertainty surrounding estimates of key model 
parameters. Inputs employed in sensitivity analyses and corre-
sponding methods of estimation are described in Supplement A.

3. Results

3.1. Base case

Clinical and economic outcomes and full incremental cost- 
effectiveness results for all strategies evaluated are presented in 

Table 2. The cost-efficiency frontier – which comprises the PPV23 
single dose strategy, PCV20 alone strategy, and PCV20→PPV23 
strategy – indicates that the PCV15→PPV23 and PPV23+PPV23 
strategies are dominated by strategies involving PCV20 
(Figure 2). Although PCV20→PPV23 is on the cost-efficiency fron-
tier, it was not cost-effective because its incremental cost- 
effectiveness ratio (ICER) compared with PCV20 alone (£686,948/ 
QALY) was above the upper bound of the cost-effectiveness 
range. PCV20 alone was therefore deemed the most relevant 
hypothetical vaccination strategy.

Compared with PPV23 (single dose), PCV20 alone would 
prevent an additional 7,789 IPD cases, 140,046 hospitalized 
CAP cases, and 22,199 pneumococcal-related deaths and 
save £538.31 million in medical care costs (Table 3). Total 
vaccination costs with PCV20 would increase by 
£378.70 million, and thus use of PCV20 would save the NHS 
£159.61 million. With total net costs lower by £159.61 million 

Table 2. Results of base case analyses of alternative vaccination strategies among moderate- and high-risk adults aged 18–64 years and all adults aged 65–99 years 
in England (N = 15,635,909).

A. Clinical and Economic Outcomes

PPV23 (1 dose) PCV20 PCV20→PPV23 PPV23+PPV23 PCV15→PPV23

Clinical Outcomes
No. of cases

IPD 117,807 110,018 109,709 117,031 113,644
All-cause hospitalized CAP 7,483,128 7,343,082 7,343,116 7,483,223 7,384,442

No. of deaths
IPD 37,612 35,191 35,106 37,377 36,247
All-cause hospitalized CAP 1,122,633 1,102,854 1,102,860 1,122,651 1,108,621

Life-years (discounted) 179,787,906 179,906,103 179,906,580 179,788,893 179,867,258
Quality-adjusted life-years (discounted) 132,546,963 132,638,338 132,638,681 132,547,656 132,608,379

Economic Outcomes (in millions)
Medical care £19,971.1 £19,432.8 £19,431.6 £19,968.7 £19,604.2
Vaccination £256.2 £634.9 £871.4 £424.0 £812.2
Medical + vaccination £20,227.3 £20,067.7 £20,303.0 £20,392.7 £20,416.4

B. Incremental Cost-Effectiveness

Strategy Cost (in millions) QALYs Incremental Cost (in millions) Incremental QALYs ICER

PCV20 £20,067.7 132,638,338 – – –
PPV23 (1 dose) £20,227.3 132,546,963 £159.6 −91,375 Dominated
PCV20→PPV23 £20,303.0 132,638,681 £235.3 343 £686,948
PPV23+PPV23 £20,392.7 132,547,656 £89.7 −91,024 Dominated
PCV15→PPV23 £20,416.4 132,608,379 £113.4 −30,302 Dominated

£20K Cost/QALY Threshold

£30K Cost/QALY Threshold
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Figure 2. Cost-effectiveness plane for alternative vaccination strategies among moderate- and high-risk adults aged 18–64 years and all adults aged 65–99 years in 
England (N = 15,635,909).
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and discounted QALYs higher by 91,375, PCV20 was dominant 
versus PPV23; incremental net monetary benefit was 
£1.99 billion at £20,000/QALY gained and £2.90 billion at 
£30,000/QALY gained.

3.2. Subgroup and Sensitivity

PCV20 was found to be cost-effective – if not cost saving – 
versus PPV23 in all subgroup and sensitivity analyses 
(Table 3). Sensitivity analyses also suggest that PCV20 alone 
would remain cost saving (vs. PPV23) at prices up to 4.4 times 
(£73.23) the PPV23 list price, and would be cost-effective at 
prices up to 15.8 to 21.5 times (£264.82 and £360.61) the 
PPV23 list price at £20,000/QALY and £30,000/QALY, respec-
tively. In PSA, PCV20 alone was cost saving versus PPV23 in 
85% of simulations and cost-effective in 99% of simulations 

(WTP = £30,000/QALY) (Figure 3). The cost-effectiveness 
acceptability frontier indicates that PCV20 is always the opti-
mal strategy (Figure 4).effective

4. Discussion

With recent approval of next generation PCVs with expanded 
serotype coverage, we undertook a new evaluation to exam-
ine the potential cost-effectiveness of pneumococcal vaccina-
tion strategies – including PCV20 alone and others – relative 
to PPV23 alone (single dose). Our findings suggest replacing 
PPV23 with PCV20 alone for vaccination of adults aged 65– 
99 years as well as adults aged 18 to 64 years with underlying 
conditions in England would save lives and reduce health care 
resources and costs to the NHS. Furthermore, PCV20 alone was 
the most efficient vaccination strategy among those explored, 
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Figure 3. Scatterplot for cost-effectiveness of PCV20 alone versus PPV23 (single dose) among moderate- and high-risk adults aged 18–64 years and all adults aged 
65–99 years in England (N = 15,635,909). 
WTP: willingness-to-pay
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adults aged 65–99 years in England (N = 15,635,909). 
CEAF: cost-effectiveness acceptability frontier 
*The CEAF illustrates the probability of greatest net monetary benefit

EXPERT REVIEW OF PHARMACOECONOMICS & OUTCOMES RESEARCH 1291

235 of 261



dominating the strategy involving revaccination with PPV23 (2 
doses total), as well as PCV15 in sequence with PPV23. Our 
finding that PCV20 alone is a cost saving replacement for 
PPV23 reflects the latest pre-COVID serotype coverage for 
pneumococcal disease among adults [2,3,6] and the expected 
greater and longer-lasting protection provided by PCV20 com-
pared to PPV23, which largely offsets the 7% difference in IPD 
serotype coverage between vaccines (PPV23 non-PCV20 sero-
types: 2, 9N, 17F, and 20; PCV20 non-PPV23 serotypes: 6A/6C) 
[2,27,44,53,54].

To the best of our knowledge, this is the first study to 
report on cost-effectiveness of PCV20 use among adults in 
England, however, several analyses have been conducted 
focused on the United States (US). Findings presented by the 
US Advisory Committee on Immunization Practices (ACIP) 
pneumococcal work group suggest that use of PCV20 alone 
among US adults aged ≥65 years as well as those aged 
<65 years with risk factors would be cost saving compared 
to the 2019 US adult pneumococcal vaccines recommendation 
[55–57]. Based on consideration of all domains included in the 
evidence-to-recommendation framework, including cost- 
effectiveness analyses, the ACIP recently recommended the 
use of PCV20 alone among moderate- and high-risk adults 
aged 19–64 years and all adults aged ≥65 years [55].

Base case analyses described herein were conducted taking 
a conservative approach to several aspects of model parame-
terization. Although higher-valent PCVs have been neither 
licensed nor recommended for infants and children in 
England, herd effects from future pediatric use of PCV20 and 
PCV15 were considered. In addition, base case analyses did 
not account for the considerable burden of outpatient CAP 
[58]. Long-term clinical consequences and costs of pneumo-
coccal disease also were not included though common follow-
ing acute illness [7,59,60]. Finally, despite evidence suggesting 
that risk of death may remain elevated for several years fol-
lowing an acute hospitalization for IPD or CAP [7,8,60] – espe-
cially among the elderly and those with comorbidities (i.e. 65% 
of the English population) [8,37–39] – we considered only in- 
hospital pneumonia deaths.

Robust estimates of the incidence of hospitalized CAP in 
the UK are limited. In base case analyses, we employed 
recently published estimates from the first prospective study 
of CAP in the UK by Hyams et al. [5] which suggest that CAP 
incidence is three to five times higher than previous estimates 
based on data from Nottingham, which were employed in the 
2016 JCVI analyses [5,6,61,62]. To evaluate the impact of CAP 
incidence rates on model outcomes, we conducted sensitivity 
analyses in which we conservatively assumed CAP incidence 
rates based on Pick et al. (Nottingham data) and twice the 
rates from Pick et al., respectively. The latter analysis was 
similar to one conducted by JCVI in 2016 to address concerns 
of likely substantial CAP under ascertainment [6]. Despite the 
low incidence rates, PCV20 was found to be cost-effective 
versus PPV23, with ICERs of approximately £6,500/QALY and 
£1,100/QALY, respectively. The difference in rates reported by 
Pick et al. and Hyams et al. is believed to be largely attribu-
table to differences in study design. The Nottingham study 
was designed primarily to measure serotype distribution and 
trends for CAP [1,6,61]. The study by Hyams et al., however, 

was designed to estimate CAP incidence and also employed 
a novel, potentially more robust approach to estimate the 
population denominator used to calculate incidence rates [5]. 
Estimates by Hyams et al. are comparable to rates reported in 
other industrialized countries and are better aligned with the 
number of hospital admissions for pneumonia in the UK 
(based on ICD-10 code J18) [9,63].

Because the observed decline in serotype 3 disease among 
UK adults after the introduction of PCV13 among infants was 
lower than the decline in disease due to the other five sero-
types that are in PCV13 but not in PCV7, and because inci-
dence of IPD due to serotype 3 began increasing again in 
2013/2014, there is some concern that PCV13 – and therefore 
also PCV20 – may be less effective in preventing serotype 3 
disease [3]. However, as summarized in a recently published 
review article, evidence suggests that PCV13 is indeed effec-
tive against IPD and CAP due to serotype 3 [64–67]. We there-
fore conducted a scenario analysis using estimates of VE- 
PCV20 against serotype 3 CAP based on the study by 
Gessner et al. and found PCV20 alone to be dominant versus 
PPV23 [67].

Assumed effectiveness of PPV23 against CAP is an area of 
parameter uncertainty. Consistent with findings of multiple 
meta-analyses, assumptions employed in recently published 
economic evaluations, and the 2015 JCVI position, we 
assumed that PPV23 conferred no benefit against CAP in the 
base case [11–25,54,68,69]. However, given recent literature 
suggesting some limited effectiveness of PPV23 against VT- 
CAP, we conducted a scenario analysis based on estimates 
from the study by Lawrence et al. which employed real- 
world data from the UK [45,70]. Although the differences in 
cases and deaths due to hospitalized CAP and medical care 
costs were reduced, PCV20 remained dominant (vs. PPV23). 
Due to the high degree of uncertainty surrounding recent 
literature – both within and across studies – findings from 
analyses in which PPV23 is assumed to provide some protec-
tion against CAP should be considered with caution until 
higher-quality data in support of this assumption become 
available. We also note that in line with NICE and JCVI meth-
odological guidance [52,71], analyses considering no vaccine 
(i.e. as a standalone strategy) vs. PPV23 were not conducted 
because PPV23 is the current standard of care in the UK.

To account for uncertainty in the future price of PCV20, we 
considered alternative prices and found that PCV20 alone 
remained cost saving (vs. PPV23) at prices up to 4.4 times 
the PPV23 list price and was cost-effective at prices up to 
21.5 times the PPV23 list price (assuming WTP = £30,000/ 
QALY). As PPV23 recently changed to being centrally procured 
[72], it may now be procured at a discounted price, in which 
case the price of PPV23 employed in our analyses may some-
what overestimate the current cost of adult pneumococcal 
vaccination to the NHS.

The true reduction in hospitalization costs with PCV20 (vs. 
PPV23) is underestimated in our base case analysis as the cost 
of IPD and CAP cases treated in intensive care – estimated at 
5.2% of all hospitalized CAP cases in 2018/19 [73] – was not 
accounted for. Published literature suggests intensive care 
hospitalizations for pneumonia span 11 days on average at 
a cost of £1,500 per bed-day [74,75]. Given that patients with 
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IPD generally experience more severe symptoms, it is likely 
that the proportion of patients admitted to intensive care for 
IPD is even greater, however, we have not found published 
estimates on IPD intensive care admissions. In addition, new 
research suggests NHS reference costs fail to account for the 
opportunity cost of hospitalization [76,77]. This may be espe-
cially relevant in the context of pneumonia, which tends to 
peak during winter when many hospitals are at capacity. 
Further research is also needed to estimate the impact of 
pneumonia on social care.

Societal costs of pneumococcal disease were also omitted 
from these analyses in line with JCVI guidance [52], thus 
excluding the benefits of vaccination in avoiding productivity 
loss to patient and carers. The adoption of a societal perspec-
tive in health technology assessments of vaccines has been 
discussed in the literature [78,79]. A recent cost-effectiveness 
analysis of COVID-19 vaccination by Public Health England and 
London School of Hygiene & Tropical Medicine researchers 
demonstrates the relevance of the broader impact of vaccina-
tions [75].

The burden of pneumococcal disease in England has been 
greatly reduced in the past two years due to measures imple-
mented to reduce transmission of COVID-19 (i.e. lockdowns, 
social distancing measures, mask-wearing) [80]. However, in 
light of recent reports of out-of-season respiratory syncytial 
virus outbreaks across the globe [81–85] as well as data showing 
PCV13-type IPD cases increased in 2021 (vs. prior years) in 
England and elsewhere [86–88], there is concern that major 
outbreaks of common respiratory disease may occur in England 
as pandemic restrictions are further relaxed [89]. It is therefore 
critical that delivery of adult vaccinations be prioritized, espe-
cially for older adults and others at elevated risk [90].

5. Conclusions

Results of our analyses suggest that the use of PCV20 in lieu of 
a single dose of PPV23 among all adults aged 65–99 years and 
adults aged 18–64 years with underlying conditions in 
England would be cost saving (i.e. more effective and less 
costly than the current program). Other strategies considered 
were either too costly or less efficient than PCV20. The pro-
longed duration of protection and greater effectiveness 
against vaccine-type IPD and CAP with use of PCV20 results 
in greater protection of vulnerable adults, and therefore has 
the potential to substantially reduce the clinical, resource, and 
financial burden of pneumococcal disease on the NHS.
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ABSTRACT
Background: Despite use of 23-valent pneumococcal polysaccharide vaccine (PPV23) in England, 
disease burden among at-risk adults remains high. We evaluated the public health and budgetary 
impact of 20-valent pneumococcal conjugate vaccine (PCV20) compared to the current adult pneumo-
coccal vaccination program.
Methods: Five-year outcomes and costs of invasive pneumococcal disease (IPD) and community- 
acquired pneumonia (CAP) among adults aged 65–99 years and adults aged 18–64 years with under-
lying conditions in England were projected using a deterministic cohort model. Hypothetical vaccina-
tion with PCV20 versus PPV23 was compared from the National Health Service (NHS) perspective.
Results: Replacing PPV23 with PCV20 would prevent 785 IPD hospitalizations, 11,751 CAP hospitaliza-
tions, and 1,414 deaths over 5 years, and would reduce medical care costs by £48.5 M. With vaccination 
costs higher by £107.2 M, projected net budgetary impact is £58.7 M. The budgetary impact would be 
greatest in year 1 (£26.3 M), and would decrease over time (to £1.6 M by year 5). The average budget 
increase (£11.7 M/year) represents <0.01% of the Department of Health and Social Care total budget 
and <3% of the vaccine budget.
Conclusions: Use of PCV20 among adults currently eligible for PPV23 in England would substantially 
reduce the burden of pneumococcal disease, with modest budgetary impact.

ARTICLE HISTORY
Received 25 May 2022  
Accepted 18 July 2022  

KEYWORDS
Streptococcus pneumoniae; 
vaccination; immunization; 
budgetary impact; public 
health

1. Introduction

Pneumococcal disease causes significant morbidity and is 
a leading cause of mortality among children and adults in 
the United Kingdom (UK) [1]. Surveillance data show that the 
incidence of invasive pneumococcal disease (IPD) – the most 
severe manifestation of pneumococcal disease – increased 
among persons of all ages in England and Wales in the pre- 
COVID-19 era (from 7.12 per 100,000 in 2013/14 to 9.87 per 
100,000 in 2016/17) [2]. Rates of community-acquired pneu-
monia (CAP) – the less severe but far more common manifes-
tation of pneumococcal disease – are also high, with annual 
rates ranging from 158 to >1,300 hospitalizations per 
100,000 persons and 222 to 1,820 outpatient cases per 
100,000 persons [3–5]. With each CAP-related hospitalization 
requiring an average of 10 hospital bed-days, 18% of patients 
requiring mechanical ventilation, and 5% of patients requiring 
critical care, the public health and economic burden of pneu-
mococcal disease to the National Health Service (NHS) is sub-
stantial [6,7].

The pneumococcal disease burden in England is espe-
cially important given the longstanding human resource 
and budgetary constraints on the NHS, which tend to be 
highest during winter months and have been heightened as 

a result of the ongoing COVID-19 pandemic [8–11]. While 
IPD rates declined during the early period of the pandemic 
(i.e. March 2020-July 2021), data from the UK Health 
Security Agency suggest cases of IPD have been gradually 
returning to pre-pandemic levels since the summer of 2021 
when strict COVID-19 prevention protocols were eased [12– 
14]. The rise in IPD cases – and presumably other manifes-
tations of pneumococcal disease, including CAP – is con-
cerning, because even as less severe strains of COVID-19 
have become predominant, patients who develop IPD/ 
COVID-19 co-infection may suffer worse outcomes, includ-
ing higher risk of death [15,16]. Therefore, efforts to reduce 
the burden of pneumococcal disease among vulnerable 
populations that may, in turn, improve public health, free 
up hospital beds, and reduce costs to the NHS are increas-
ingly important.

Data clearly show that currently recommended 23-valent 
pneumococcal polysaccharide vaccine (PPV23) provides older 
UK adults with only limited short-term protection against IPD 
[17]. Moreover, the proportion of IPD attributable to PPV23 
serotypes has been increasing among this population despite 
widespread use of PPV23 among adults for whom vaccination 
is recommended [2,18,19]. Local UK data also do not provide 
any compelling evidence that PPV23 provides older UK adults 
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with meaningful protection against pneumococcal CAP [17]. 
An alternative vaccine to PPV23 is therefore needed to better 
protect vulnerable adults against pneumococcal disease.

Although the addition of 13-valent pneumococcal conju-
gate vaccine (PCV13) to the UK adult pneumococcal program 
(i.e. for sequential use with PPV23) was not recommended in 
2015 due to predicted reductions in vaccine-preventable dis-
ease from pediatric herd effects [20], the increasing burden of 
adult IPD and the availability of higher-valent pneumococcal 
conjugate vaccines (PCVs) has prompted a review of the adult 
vaccination program. New PCVs – including 20-valent PCV 
(PCV20) – recently received regulatory approval for use 
among UK adults based on immune-bridging to PCV13, 
which demonstrated efficacy against vaccine-type pneumo-
coccal disease in adults ≥65 years in the Community- 
Acquired Pneumonia Immunization Trial in Adults (CAPiTA) 
[21,22]. PCV20 has the potential to substantially reduce the 
burden of pneumococcal disease in England because its ser-
otype coverage approaches that of PPV23 and PCVs protect 
adults against both IPD and pneumococcal CAP [21,23,24]. We 
therefore conducted a budgetary impact analysis (BIA) to 
project the costs of routine immunization of all adults aged 
65-99 years and at-risk adults aged 18–64 years in England, as 
well as potential cost offsets that may be realized via reduc-
tions in disease burden, to assess whether routine immuniza-
tion of adults with PCV20 is viable within the NHS budget.

2. Methods

2.1. Model description

A deterministic model with a Markov-type process was 
used to depict the 5-year risk of clinical outcomes and 

economic costs associated with various strategies for 
adult pneumococcal vaccination in a hypothetical popu-
lation comprising all adults aged 65–99 years and adults 
aged 18–64 years with underlying conditions in England 
(Figure 1). The model population is stratified at model 
entry by age (i.e. in one-year increments) and risk profile 
(i.e. low, moderate [immunocompetent with underlying 
medical conditions], or high risk [immunocompromised]). 
Persons may transition to a higher risk group, but not to 
a lower risk group, during the modeling horizon. Persons 
in the model population may be assumed to receive 
either PCV20, PPV23, or no vaccine during the modeling 
horizon.

Expected clinical outcomes and economic costs are pro-
jected annually for the model population, based on age, 
risk profile, disease/fatality rates, vaccination status, and 
unit costs of vaccination and medical care. IPD includes 
bacteremia and meningitis, and all-cause CAP is stratified 
by care setting. Vaccinated persons may be at lower risk of 
future IPD and all-cause CAP; the magnitude of vaccine- 
associated risk reduction depends on clinical presentation, 
vaccine type(s), age, time since vaccination, and risk pro-
file. Risk of death from IPD, all-cause CAP, and other causes 
depends upon age and risk profile. Expected medical treat-
ment costs for IPD and all-cause CAP are generated based 
on event rates and unit costs in relation to care setting. 
Vaccination costs are tallied in the year of vaccine admin-
istration. Clinical outcomes and economic costs projected 
for each vaccination strategy include IPD and all-cause CAP 
cases and attributable deaths, and costs of vaccination and 
medical treatment.

Figure 1. Model schematic.
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2.2. Model parameter estimation

A summary of methods employed to estimate key model 
parameters is set forth below. A detailed description of meth-
ods employed to estimate all model parameters – including 
those employed in base case and scenario analyses – is pro-
vided in Supplementary Material, and corresponding para-
meter values are summarized in Table 1.

2.2.1. Population
The model population size (N = 15.6 M) and age distribution 
were based on the estimated English population in 2022, 
the year when PCV20 was approved for use among adults in 
the UK [25]. Persons in each age group were allocated into 
low-, moderate-, and high-risk subgroups based on published 
risk distributions [26].

2.2.2. Rates of IPD
Annual incidence of IPD was estimated by age (in one-year 
increments) and risk profile using recent age-specific disease 
rates [2,19], age-specific distributions by risk profile, and age- 
specific odds ratios (ORs) for IPD by risk profile [26]. IPD rates 
were apportioned between bacteremia and meningitis based 
on a recent prospective study [27].

2.2.3. Rates of all-cause CAP
Annual incidence of all-cause hospitalized CAP was estimated 
by age and risk profile using age-specific rates of radiologically 
confirmed pneumonia from a recent prospective study con-
ducted in Bristol, UK [4], age-specific distributions by risk 
profile [26], and age-specific fully adjusted ORs for all-cause 
hospitalized CAP by risk profile [28]. All-cause outpatient CAP 
was not considered in base case analyses.

2.2.4. Vaccine uptake
Vaccine uptake was derived from the PPV23 Coverage Report 
for April 2019 to March 2020 [29]. Uptake was assumed to be 
the same in each year of the modeling horizon and for all 
vaccination strategies. Vaccine-eligible persons not vaccinated 
in year 1 of the modeling horizon were assumed to remain 
eligible for vaccination in subsequent years until vaccinated or 
the end of the modeling horizon.

2.2.5. Effectiveness of PCV20
Initial effectiveness of PCV20 against vaccine-type IPD (VT-IPD) 
and VT-CAP for low- and moderate-risk persons aged 18– 
99 years was based on data from CAPiTA [21,30]. Initial vaccine 
effectiveness (VE) against VT-IPD and VT-CAP for high-risk 
persons aged 18–99 years was assumed to be equal to 80% 
of corresponding values for low-/moderate-risk persons 
[31,32]. Initial VE-PCV20 was assumed to persist for 5 years, 
consistent with CAPiTA [21,33]. It was assumed that PCV20 
effectiveness would be the same for serotypes covered by 
PCV13 and for the seven additional serotypes covered by 
PCV20 based on evidence of immune-bridging [22].

2.2.6. Effectiveness of PPV23
VE-PPV23 against VT-IPD for persons aged 18–99 years (by risk 
profile) was derived from a recent real-world effectiveness 

study conducted among UK adults [19]. VE-PPV23 against VT- 
CAP was assumed to be zero in base case analyses based on 
published sources, and consistent with base case assumptions 
employed in a number of economic studies and previous Joint 
Committee on Vaccination and Immunisation statements [34– 
50]. VE-PPV23 against VT-IPD was assumed to decline (linearly) 
to 76.2% of initial VE by year 5 [19].

2.2.7. Serotype coverage
Age-specific vaccine serotype coverage for PCV20 and PPV23 
for IPD was based on prospectively collected surveillance data 
for 2016/2017 [2,19]. Vaccine serotype coverage for all-cause 
CAP was based on serotype coverage for pneumococcal CAP 
and the proportion of CAP due to pneumococcus in 2017/ 
2018 [5]. Serotype coverage for pneumococcal CAP was 
assumed to be the same irrespective of age.

Herd effects for serotypes unique to 15-valent PCV (PCV15) 
and PCV20 (vs. PCV13) were assumed to begin 1 year after the 
corresponding pediatric immunization program is expected to 
be implemented (i.e. model years 3 and 4, respectively). 
Serotype coverage for PPV23 was also reduced to account 
for the impact of herd effects on serotypes common to 
PPV23 and PCV20. Reductions in serotype coverage due to 
herd effects from childhood vaccination were based on the 
observed impact of PCV13 on the five additional serotypes in 
PCV13 not in PCV7 (excluding serotype 3) [2]. Serotype repla-
cement was assumed not to occur.

2.2.8. Costs
Costs of IPD (bacteremia, £4,542; meningitis, £5,600) and all- 
cause hospitalized CAP (£4,192) were derived based on average 
costs per finished consultant episode (FCE) from the 2019/2020 
NHS reference costs [51] and the average number of FCEs per 
admission from the Hospital Episode Statistics for England [3]. 
Prices of PCV20 (£56.50) and PPV23 (£16.80) were based on the 
list value from the British National Formulary (2022) [52]. Vaccine 
administration cost (£10.06) was based on the General Practice 
Contract (2019) [53].

2.3. Analyses

2.3.1. Base case analyses
Clinical outcomes and economic costs were projected for the 
model population under PCV20 alone (hypothetical recom-
mendation) and PPV23 (single dose, current recommenda-
tion). Analyses were conducted from the NHS perspective. 
Annual economic costs were considered in the context of 
the Department of Health and Social Care (DHSC) total budget 
of £129 billion in 2018 [54], of which approximately 
£6.45 billion (5%) and £397 million (0.3%) were spent on 
prevention and vaccines procurement, respectively [55,56].

2.3.2. Scenario analyses
Scenario analyses were conducted in which alternative input 
values were employed for key model parameters, including: 
rates of hospitalized CAP, costs of hospitalized CAP, rates of 
outpatient CAP, vaccine uptake, vaccine price, and VE-PPV23 
vs. VT-CAP. Inputs employed in scenario/sensitivity analyses 
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and corresponding methods of estimation are described in 
Supplementary Material.

3. Results

3.1. Base case analyses

During the five-year modeling horizon, use of PCV20 alone (in 
lieu of PPV23) would prevent 785 cases of IPD, 11,751 cases of 
hospitalized CAP, and 1,414 pneumococcal-related deaths, 
and would reduce medical care costs by £48.5 million 
(Table 2). Assuming current uptake levels, approximately 20% 
of the population would be vaccinated by year five, and total 
vaccination costs with PCV20 would increase by 
£107.2 million. The net budgetary impact to the NHS of repla-
cing PPV23 with PCV20 would therefore be £58.7 million over-
all over the first 5 years of program implementation. Use of 
PCV20 in lieu of PPV23 would have the greatest budgetary 
impact in year 1, increasing the budget by £26.3 million, 
however, by year 5, budgetary impact of PCV20 use would 
decrease to £1.6 million (average annual budgetary impact, 
£11.7 million) (Figure 2).

Considering the average annual difference in costs of vac-
cine procurement, replacing PPV23 with PCV20 would cost an 
additional £21.4 million annually, representing a 0.02% 
increase in the DHSC total budget, a 0.33% increase in the 
budget allocated to prevention, and a 5.40% increase in that 
for vaccine procurement (Table 3). Considering total costs (i.e. 
medical care offsets, vaccine, and vaccine administration), the 
use of PCV20 instead of PPV23 would increase the annual total 
healthcare, prevention, and vaccines budgets by <0.01%, 
0.18%, and 2.96%, respectively.

3.2. Scenario analyses

In scenario analyses, the five-year net budgetary impact of 
replacing PPV23 with PCV20 alone ranged from £45.7 to 
£159.6 million (Table 4; Supplement – Table S1). The budget-
ary impact was lowest in the scenario assuming annual uptake 
was 75% of base case values and was highest when assuming 
annual uptake of 75%. In analyses considering the burden of 
CAP treated in the outpatient setting, use of PCV20 prevented 
5,232 general practitioner (GP) visits and is estimated to save 
£0.2 million in primary care costs. When CAP hospitalization 
costs were adjusted to include critical care admissions, PCV20 
saved an additional £8.4 million (vs. base case), attributable to 
the prevention of approximately 611 intensive care admissions 
accounting for 6,722 critical care bed days.

4. Discussion

Findings from our analysis suggest replacing PPV23 with 
PCV20 alone for vaccination of all adults aged 65-99 years as 
well as adults aged 18–64 years with underlying conditions in 
England would considerably reduce the public health burden 
of pneumococcal disease at a modest additional cost to the 
NHS. Assuming future uptake of PCV20 would be consistent 
with current uptake of PPV23, use of PCV20 would prevent 
more than 12,500 hospitalizations and 1,400 pneumococcal- 

related deaths and would increase total costs (i.e. medical care 
and vaccination costs) by £58.7 million overall or £11.7 million 
annually (average) among vaccine-eligible adults in the first 5 
years of program implementation. Procurement of PCV20 to 
replace PPV23 would therefore increase the annual pre-COVID 
-19 DHSC vaccines budget by 5.4% which corresponds to 
0.02% of the annual total healthcare budget. However, taking 
into consideration cost offsets due to savings in medical care 
expenditures, the net annual increase to the DHSC vaccines 
budget would be 2.96% and the net annual increase to the 
healthcare budget would be <0.01%.

Findings from scenario analysis considering CAP treated by 
GPs show that use of PCV20 would prevent over 5,000 addi-
tional cases of clinically diagnosed CAP treated in the primary 
care setting. Although the associated cost savings are rela-
tively low, the reduction in cases would free up GP resources – 
which are known to be in increasingly short supply in the 
NHS – to treat other patients [57]. The scenario analysis con-
sidering critical care costs also suggests use of PCV20 would 
reduce costs of pneumonia-related care by an additional 
£8.4 million by preventing approximately 6,700 CAP-related 
critical care bed-days in the first 5 years of program imple-
mentation, further alleviating pressure on the NHS.

While we believe that the scenario analysis including both 
outpatient CAP and costs of critical care for CAP may be the 
most accurate estimate of potential savings in medical care 
costs with use of PCV20 presented herein, real total savings to 
the NHS may still be underestimated in this scenario because 
clinical outcomes and costs associated with clinically sus-
pected pneumonia treated in primary care and IPD requiring 
critical care and ventilation have not been included. Recent 
estimates suggest that rates of clinically suspected pneumonia 
are approximately nine times higher than rates of clinically 
diagnosed pneumonia employed in scenario analyses consid-
ering outpatient CAP [58]. Therefore, assuming that some 
cases of clinically suspected pneumonia are indeed vaccine- 
preventable, the impact of PCV20 use may be even greater 
than in analyses presented herein. Moreover, given that IPD is 
a more severe manifestation of pneumococcal disease than 
CAP and that the 2018/19 British Thoracic Society pneumonia 
national audit reported that 5% of hospitalized CAP patients 
required intensive or critical care, it is likely that a greater 
proportion of IPD patients require intensive care, which 
would further increase the potential cost savings with use of 
PCV20 [6]. Additional research is needed on clinical outcomes 
and costs associated with clinically suspected pneumonia trea-
ted in primary care and IPD requiring critical care and ventila-
tion so that these outcomes may be included in future budget 
impact analyses.

Our base case analysis employed PCV20 uptake rates con-
sistent with current PPV23 uptake (approximately 4.9% 
annually), however, uptake may be higher in the years imme-
diately after program implementation, especially if program 
launch is accompanied by strong public health messaging. We 
therefore conducted a sensitivity analysis in which we 
assumed vaccine uptake was 25% higher than in the base 
case values (i.e. 6.1% annual uptake resulting in >500,000 
additional persons vaccinated). Although cumulative overall 
costs (£70.6 million) increased for PCV20 (vs. PPV23), the 
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higher uptake resulted in 15,388 fewer hospitalizations, 1,740 
fewer deaths, and lower medical care costs (by £59.5 M) com-
pared with use of PPV23. In an alternative scenario, we 
assumed annual pneumococcal vaccine uptake was 75% 
(both vaccines), consistent with the WHO coverage target for 
seasonal influenza vaccines [59] and UK targets for seasonal 
influenza/pneumococcal co-vaccination [60]. In this scenario, 
use of PCV20 (vs. PPV23) would reduce nine times more cases 
and save 11 times more lives than the base case analysis.

This analysis conservatively estimates the public health and 
budget impact of adult vaccination with PCV20, as the antici-
pated herd effects from a future childhood PCV15 and/or 
PCV20 program were considered. A proportion of the reduc-
tion in the burden of pneumococcal disease among adults is 

therefore assumed to be indirectly addressed by infant vacci-
nation; however, higher-valent PCVs have not yet received 
regulatory approval for use among children and there is no 
guarantee that infant programs will be implemented. 
Moreover, while reductions in IPD attributable to vaccine ser-
otypes following the introduction of PCV13 in children are the 
best available approximation of future reductions in disease 
attributable to PCV20 serotypes, the true herd effects from 
future pediatric use of higher valent PCVs are unknown in 
terms of their magnitude, timing, and impact on individual 
serotypes. The impact of herd effects on model outcomes is 
heavily dependent on the accuracy of starting serotype cover-
age data employed in the model. In light of recent studies 
showing that IPD serotype distributions have changed little 
since the 2016/17 season [15,61], we employed IPD data col-
lected during 2016/17 and CAP data collected during 2017/18 
because it is the most recent local data available with suffi-
cient granularity (i.e. reported at the level of individual sero-
types). The extent to which CAP serotype coverage may have 
changed since 2017/18 is uncertain but is unlikely to differ 
substantially from IPD.

Serotype replacement may also occur following widespread 
use of higher valent PCVs in England, however, given the 
complexity of serotype replacement among pneumococci 
and the challenges in predicting serotype replacement based 
on historic data, it has not been included in these analyses, 
thus its potential impact on model results is unknown. In 
addition, prices for vaccines provided by the NHS are subject 

a. Change in budget over modelling horizon

b. Change in budget as a percentage of total Vaccines budget
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Figure 2. Impact on budget over first 5 years of PCV20 (vs. PPV23).

Table 3. Impact of adult vaccination programs on DHSC annual budgets for 
Vaccines, Prevention, and Healthcare*.

Average Annual** Budget 
Impact, in millions

Percentage of Budget

Vaccines Prevention Healthcare
Vaccination costs only

PPV23 £9.1 2.28% 0.14% 0.01%
PCV20 £30.5 7.68% 0.47% 0.02%
Difference £21.4 5.40% 0.33% 0.02%

Total costs
PPV23 £14.2 3.57% 0.22% 0.01%
PCV20 £25.9 6.52% 0.40% 0.02%
Difference £11.7 2.96% 0.18% 0.01%

*Based on 2018 budgets for vaccination (£397 million), prevention (£6.45 billion), and 
healthcare (£129 billion) 

**Annual 5-year average 
DHSC: Department of Health and Social Care 
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to tender and net prices are confidential, thus prices of PCV20 
and PPV23 may be overestimated in the analyses described 
herein.

Because the most recent data on incidence of pneumonia 
in the UK is reported for all-cause CAP, there may be some 
cases of bacteremic CAP which have been double counted in 
our model (i.e. because they are also accounted in IPD inci-
dence rates). While the extent of double-counting is unknown, 
the impact on model results is believed to be minimal. The 
results from our scenario analysis employing incidence of all- 
cause CAP requiring hospitalization from Pick et al. suggest 
that even if CAP incidence rates were 70–80% lower (vs. base 
case) [5], total budget impact would be 1.6 times higher than 
in the base case. We also conducted a scenario analysis in 
which PPV23 was assumed to provide some protection against 
VT-CAP based on point estimates from the recent study by 
Lawrence et al. [17]. Although disease reduction with PCV20 
(vs. PPV23) was smaller in this analysis than in the base case, 
the budget impact remained relatively modest (1.2x base 
case).

Budgetary impact analyses are a useful tool for estimating 
the short-term costs of implementing novel interventions. 
However, limiting outcomes to a 5-year modeling horizon 
obscures the full benefit and value for money of a future 
PCV20 program for adults given that PCV20 is expected to 
provide protection for a minimum of 5 years based on the 
durability of protection observed in CAPiTA with PCV13 
[21,33]. The short-term nature of BIA also precludes the inclu-
sion of long-term consequences of pneumococcal disease 
such as exacerbations of underlying comorbidities, elevated 
risks of mortality, and development of antimicrobial resistance, 
all of which may be costly [62–64].

5. Conclusions

Our findings suggest that replacing PPV23 with PCV20 in the 
adult pneumococcal vaccination program in England would 
considerably reduce the public health burden of pneumococ-
cal disease among all adults aged 65-99 years and adults aged 
18–64 years with underlying conditions and would have mini-
mal budgetary impact. Compared with current recommenda-
tions for adult pneumococcal disease prevention, 
implementation of a PCV20 program for adults would poten-
tially reduce strain on the healthcare system by avoiding 
hospitalizations and freeing up critical care beds and GP 
resources, which is particularly important in the era of 
COVID-19.
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Background

• Consideration of immunisation programmes relies on accurate incidence data of the
diseases of interest

• Public Health England (PHE) and the Joint Committee on Vaccination and Immunisation
(JCVI) use these data to make decisions on vaccination policy

• In November 2015, the JCVI made the following recommendation:

“PCV13* should continue to be offered to those risk groups previously identified as being at 
particularly high risk of, and high mortality from, IPD, but should not be offered more widely 

to other risk-groups or older adults”1

• A key driver for this decision was the presumed low incidence of vaccine preventable
disease2

*PCV13: Pneumococcal polysaccharide conjugate vaccine (13-valent adsorbed)  1. Joint Committee on Vaccination and Immunisation. Interim JCVI statement on adult pneumococcal 
vaccination in the UK. Available from https://www.gov.uk/government/publications/jcvi-interim-statement-on-adult-pneumococcal-vaccination. Accessed November 2017. 2. van Hoek AJ, 
Miller E Plos One 2016 11(2) e0149540.doi:10.1371/journal.pone.0149540

*Prof. Wei Shen Lim, Dr. Priya Daniel, Dr. Cham Rodrigo, Dr. Tom Bewick, Dr. Norman Fry, Dr. Carmen Sheppard, Prof. Mary Slack. †Average for date range. ‡Based on population average across data range. 
§Based on THIN data, which are generated from a 5% representation of the UK population. **Based on percentages of ONS estimate of UK population in 2015 (65.1 million). 
BLF, British Lung Foundation; CAP, community acquired pneumonia; HCAP, hospital community acquired pneumonia; HES, Hospital Episode Statistics; IC, in children; IPD, invasive pneumococcal disease; NHS, 
National Health Service; NICE, National Institute for Health and Care Excellence; ONS, Office for National Statistics; PHE, Public Health England; THIN, The Health Improvement Network. 
1. Public Health England. Pneumococcal disease: guidance, data and analysis. Available from: https://www.gov.uk/government/collections/pneumococcaldisease-guidance-data-and-analysis [Accessed November 
2017]. 2. Rodrigo C et al. ERJ 2015; 45(6):1632-41 3. Said MA et al. PLoS One. 2013;8:e60273. 4. Hospital Episode Statistics (HES) data. 2016. Reused with the permission of NHS digital. All rights reserved. 5. 
British Lung Foundation. Pneumonia statistics. Available from: https://statistics.blf.org.uk/pneumonia [Accessed July 2017]. 6. NICE. Pneumonia in adults: diagnosis and management. CG1919. Available from:
https://www.nice.org.uk/guidance/cg191 [Accessed July 2017]. 7. NHS Choices. Pneumonia. Available from: http://www.nhs.uk/conditions/Pneumonia/Pages/Introduction.aspx [Accessed July 2017]. 8. NHS Digital. 
Available from: http://content.digital.nhs.uk/hesdata. [Accessed November 2017].

• PHE’s national pneumococcal surveillance programme captures the majority of cases of IPD in England1

• However, the incidence of CAP treated in the community (rarely radiologically confirmed) and the incidence of hospitalised CAP is 
poorly understood because:

• Lack of a diagnostic test to differentiate CAP from other lower respiratory tract infections

• Lack of a surveillance programme
• No prospective study designed with this specific end point in mind2

• A single-centre study conducted in Nottingham* was set up to evaluate trends in pneumococcal serotypes causing hospitalised 
CAP. This study was not designed to determine incidence2

• Comparative data from across the developed world suggests the incidence of hospitalised CAP is underestimated in the UK2–7

• The HES database8 is a comprehensive database detailing all admissions, outpatient appointments and A&E attendances at NHS 
hospitals in England

• It is routinely used for healthcare analyses by researchers, national bodies and regulators (e.g. NICE)

Introduction
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*Prof. Wei Shen Lim, Dr. Priya Daniel, Dr. Cham Rodrigo, Dr. Tom Bewick, Dr. Norman Fry, Dr. Carmen Sheppard, Prof. Mary Slack. †Average for date range. ‡Based on population average across data range. 
§Based on THIN data, which are generated from a 5% representation of the UK population. **Based on percentages of ONS estimate of UK population in 2015 (65.1 million). 
BLF, British Lung Foundation; CAP, community acquired pneumonia; HCAP, hospital community acquired pneumonia; HES, Hospital Episode Statistics; IC, in children; IPD, invasive pneumococcal disease; NHS, 
National Health Service; NICE, National Institute for Health and Care Excellence; ONS, Office for National Statistics; PHE, Public Health England; THIN, The Health Improvement Network. 
1. Public Health England. Pneumococcal disease: guidance, data and analysis. Available from: https://www.gov.uk/government/collections/pneumococcaldisease-guidance-data-and-analysis [Accessed November 
2017]. 2. Rodrigo C et al. ERJ 2015; 45(6):1632-41 3. Said MA et al. PLoS One. 2013;8:e60273. 4. Hospital Episode Statistics (HES) data. 2016. Reused with the permission of NHS digital. All rights reserved. 5. 
British Lung Foundation. Pneumonia statistics. Available from: https://statistics.blf.org.uk/pneumonia [Accessed July 2017]. 6. NICE. Pneumonia in adults: diagnosis and management. CG1919. Available from:
https://www.nice.org.uk/guidance/cg191 [Accessed July 2017]. 7. NHS Choices. Pneumonia. Available from: http://www.nhs.uk/conditions/Pneumonia/Pages/Introduction.aspx [Accessed July 2017]. 8. NHS Digital. 
Available from: http://content.digital.nhs.uk/hesdata. [Accessed November 2017].
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Reference CAP incidence rate per 100,000 Date range

Rodrigo et al. (2015) Hospitalised all-cause CAP: 79.9
Hospitalised pneumococcal CAP: 23.4 2008–2013 (Nottingham, UK)

HES 2016 Hospitalised all-cause CAP: 232†,‡ 2008–2012 (UK)

British Lung Foundation Hospitalised all-cause CAP: 336.3‡,§ 2004–2012

NICE All-cause CAP: 326–650** Annually (UK)

NHS Choices All-cause CAP: 800 2016 (UK)

≥65s
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*** 65 – 74yrs

Varying incidence rates of all-cause and hospitalised all-cause CAP reported in the UK

*Prof. Wei Shen Lim, Dr. Priya Daniel, Dr. Cham Rodrigo, Dr. Tom Bewick, Dr. Norman Fry, Dr. Carmen Sheppard, Prof. Mary Slack. †Average for date range. ‡Based on population average across data range. 
§Based on THIN data, which are generated from a 5% representation of the UK population. **Based on percentages of ONS estimate of UK population in 2015 (65.1 million). 
BLF, British Lung Foundation; CAP, community acquired pneumonia; HCAP, hospital community acquired pneumonia; HES, Hospital Episode Statistics; IC, in children; IPD, invasive pneumococcal disease; NHS, 
National Health Service; NICE, National Institute for Health and Care Excellence; ONS, Office for National Statistics; PHE, Public Health England; THIN, The Health Improvement Network. 
1. Public Health England. Pneumococcal disease: guidance, data and analysis. Available from: https://www.gov.uk/government/collections/pneumococcaldisease-guidance-data-and-analysis [Accessed November 
2017]. 2. Rodrigo C et al. ERJ 2015; 45(6):1632-41 3. Said MA et al. PLoS One. 2013;8:e60273. 4. Hospital Episode Statistics (HES) data. 2016. Reused with the permission of NHS digital. All rights reserved. 5. 
British Lung Foundation. Pneumonia statistics. Available from: https://statistics.blf.org.uk/pneumonia [Accessed July 2017]. 6. NICE. Pneumonia in adults: diagnosis and management. CG1919. Available from:
https://www.nice.org.uk/guidance/cg191 [Accessed July 2017]. 7. NHS Choices. Pneumonia. Available from: http://www.nhs.uk/conditions/Pneumonia/Pages/Introduction.aspx [Accessed July 2017]. 8. NHS Digital. 
Available from: http://content.digital.nhs.uk/hesdata. [Accessed November 2017].
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Methodology

• We compared the actual number of hospitalised CAP admissions reported to the HES
database in Nottingham with published data by Rodrigo et. al over a 5 year period

• Comparison of datasets:

*HES data: refers to patients with more than 1 diagnosis. †J12 = viral pneumonia; J13 = pneumococcal pneumonia; J14 = Haemophilus influenzae pneumonia; J15 =
due to other bacteria; J17 = elsewhere classified; J18 = unspecified. J12-J18 coded in any diagnostic field. 
CAP, community acquired pneumonia; HAP, hospital acquired pneumonia, VAP, ventilator acquired pneumonia.
1. NHS Digital. Available from: http://content.digital.nhs.uk/hesdata. Accessed November 2017. 2. Rodrigo et al. Eur Respir J 2015;45(6):1632–41.

HES data1* Nottingham Study2

Age ≥ 18 years Age ≥ 16 years

April 2008 – March 2013 September 2008 – August 2013

All cause pneumonia (J12–J18†) including CAP, 
HAP & VAP including codes in both the primary 
and secondary position

All cause community acquired pneumonia (CAP) – 
as per study protocol

8

Nottingham Study Methodology

CAP, community acquired pneumonia; CXR, chest x-ray; TB, tuberculosis.
Rodrigo C et al. ERJ 2015;45(6):1632–41.

Study Population Consecutive adults admitted to Nottingham University Hospitals 
NHS Trust with CAP.

Inclusion Criteria 
Adults (patients aged ≥ 16 years) with symptoms suggestive of 
lower respiratory tract infection with new infiltrates on CXR 
consistent with pneumonia, and treated for CAP.

Exclusion criteria 
Post-obstruction pneumonia due to lung cancer, active TB, 
discharged from hospital within 10 days and adults with aspiration 
pneumonia.

Enrolment All eligible patients seen by a research investigator within 36 hours 
of admission to confirm study eligibility and obtain informed consent. 
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Nottingham Study – patient journey

Data from Rodrigo et al ERJ, 2015; 45: 1524
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Nottingham Study Enrolment Pathway
Patients ≥ 16y 

admitted on NUH 
medical 

admission, 
critical care or 

respiratory ward 
(~50,000 patients 
screened / year) 

CXR performed? 

Changes on CXR 
suggesting pneumonia

In-patient in previous 10 
days

Signs & symptoms of 
LRTI

Ward screen & request 
consent

Review patient notes & 
able to provide urine

No Exclude
~30,000

No

Yes

No

Discharged / Died

Post-obstructive 
pneumonia due to 

lung cancer, 
aspiration 

pneumonia, active 
TB

Exclude

Exclude

Exclude

Exclude

Exclude

~20,000

Mean ~ 
450 / yearPatients eligible

Data from Prof. Lim
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HES Considerations & Comparison with BTS Audit

Considerations when analysing HES
• Coding errors caused by coder-related or physician-related misdiagnosis1

• HES is used to reimburse hospitals2

*115 institutions in England, Wales & Northern Ireland
1. Daniel P. et. al , 2017. 2. NHS Digital. Available from: http://content.digital.nhs.uk/hesdata. Accessed November 2017. 3. British Thoracic Society. 
Adult Community Acquired Pneumonia (CAP) Audit Report National Audit Period: 1 December 2014 – 31 January 2015. Available from: 
https://www.brit-thoracic.org.uk/document-library/audit-and-quality-improvement/audit-reports/bts-adult-community-acquired-pneumonia-audit-report-
2014-15/. Accessed November 2017. 

Comparison with BTS Audit
• The recent BTS audit* indicated ~64% of HES coding for all cause hospitalised CAP was accurate3

• Personal communication from Prof. W. S. Lim advised that approximately 30% of pneumonia cases in
Nottingham are hospital acquired

• Taking this into account reduces the total number of pneumonia cases identified in our analysis of HES
from 11,059 to 7,741
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Conclusion

• Better diagnostic tools are required

• New data accurately showing the true incidence of CAP are needed

• HES is a powerful tool to interrogate Big Data

• The discrepancy between results from the Nottingham study and this analysis of HES
data needs to be investigated further

• This analysis of HES data indicates that the number of hospitalised CAP cases identified
in the Nottingham study was substantially lower than reported in HES which is also in
agreement with the BTS audit

• More accurate data on the incidence of CAP would assist the policy makers in reaching
recommendations on adult immunisation

16
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