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“Any fool can know. The point is to understand”  

Albert Einstein 

 

Coronavirus disease (COVID-19) has sneakily entered our lives early on in 2020 and the 

adverse health effects associated with it continue. We now understand more about the virus 

and about how to manage patients. Large-scale studies have been initiated across the globe 

and one provided an ally in our fight against COVID-19 in an old fashioned drug, 

dexamethasone reducing mortality 1. Others showed reduction in hospital stay 2 or simply 

reinforced the safety of continuing medications during COVID-19 3. We have also realised 

how catastrophic the virus can be. We learned that severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), which causes COVID-19, enters the cells using Angiotensin-

converting enzyme 2 (ACE2) receptors. These receptors are found abundantly not only in 

the pulmonary but also other organ systems such as the cardiovascular and gastrointestinal 

systems. Consequently, extra-pulmonary effects of COVID-19 are not at all surprising. With 

an increasing number of cases and a forthcoming second wave infection, clinicians must be 

aware of these multisystem manifestations. In this article, we aim to discuss the short and 

long-term impact of COVID-19 on the respiratory and some of the other major organ 

systems in the human body.  

 

Respiratory system 

 

The principal manifestation of COVID-19 is in the lungs, where respiratory failure is a leading 

cause of death. SARS-CoV-2 enters human cells by binding to the angiotensin-converting 

enzyme 2 (ACE2) receptors, that are highly expressed in the alveolar type 2 cells (AT2), 

explaining the vulnerability of the respiratory system 4. 

 

Post-mortem studies elucidate the observed pathology upon macroscopic and microscopic 

examinations 5. Gross lung findings include patchy to diffuse consolidation, severe interstitial 

congestion, and thromboembolism while histology demonstrates hyaline membranes, 

extensive capillary congestion, and microthrombi in alveolar capillaries, consistent with 

exudative diffuse alveolar damage (DAD) (Figure 1). Whilst aforementioned findings resemble 

those found in acute respiratory distress syndrome (ARDS), COVID-19-associated ARDS 

displays a peculiar phenotype owing to dissociation between severity of hypoxaemia and 

relative maintenance of lung mechanics 6.                   

 



Despite COVID-19-associated ARDS meeting the criteria, it has been proposed that patients 

developing it could be categorised into type 1 ‘non-ARDS’ and type 2 ‘ARDS’ depending on 

lung compliance 6. Distinction between them can be made based on CT scans (Figure 2) or, 

albeit substandard, response to positive end-expiratory pressure (PEEP). Type 1 patients 

exhibit severe hypoxaemia with reasonable lung compliance while type 2 patients exhibit 

severe hypoxaemia with poor lung compliance. This has important clinical implications when 

deciding management in the intensive care unit (ICU).    

 

 

Cardiovascular system 

 

Systemic inflammation in response to the SARS-CoV2 infection, in addition to ongoing 

hypoxia secondary to severe pneumonia or ARDS, causes increased cardiometabolic 

demand and myocardial oxygen supply/demand mismatch 7 leading to myocardial damage 8. 

Myocardial injury, in turn, has been shown to be independently associated with high 

mortality and various complications such as ARDS and electrolyte disturbances 9, increasing 

the risk of arrhythmias. There is also rising awareness of acute plaque rupture and 

consequently, acute coronary events in patients with underlying coronary artery disease 7.  

 

Additionally, the surge in pro-inflammatory cytokines as part of the systemic inflammatory 

response to COVID-19, can result in myocarditis and other changes including myocardial 

fibrosis (Figure 3), oedema and pericarditis 8,10. Interestingly, all these changes were seen in 

much younger non-hospitalised patients and were associated with adverse events and poor 

prognosis 8.  

 

Moreover, new evidence demonstrates COVID-19 induced cardiac changes might not be 

limited to the short term (Figure 4) 8. A study by Puntmann et al. 10 involving 100 COVID-19 

recovered patients showed lower left ventricular ejection fraction compared to healthy and 

risk factor-matched controls and significantly raised troponin T levels. After a follow up of 71 

days, 78% of patients had abnormal CMR findings. This patients might be in the very early 

stage of cardiac involvement and perhaps need longer follow-up 8 to identify any potential 

long-term complications, especially in those patients with persistent symptoms attributed to 

COVID-19.  

 

Gastrointestinal including hepatic system 

 



Gastrointestinal (GI) manifestations of COVID-19, have been well-documented 11,12 but the 

underlying mechanisms remain to be further elucidated. ACE2 receptors, found in 

enterocytes and oesophageal epithelial cells, play an important role in regulating intestinal 

inflammation 12 which may, at least in part, explain typical GI symptoms such as diarrhoea, 

nausea and vomiting, which can occur with or without respiratory symptoms 12. 

Unsurprisingly, there has been evidence of the virus in faecal samples even after clearance 

of the virus in the respiratory tract 12, posing questions and challenges for the future. 

 

In addition, a radiology study 13 of 412 patients found bowel wall abnormalities in 31% of CT 

scans and pneumatosis (Figure 5) or portal venous gas in 20% of CT scans in ICU patients. 

Furthermore, 54% of abdominal ultrasounds, performed mainly for abnormal LFTs, were 

suggestive of cholestasis 13, a precursor to liver injury. SARS-CoV2-mediated liver injury can 

be direct through binding of the virus to ACE2 receptors found in cholangiocytes and 

hepatocytes, or indirect through release of cytokines as a part of the immune response 11. 

This aggravates liver cell damage and bile duct cell dysfunction 11. In addition, the liver as 

the principal site of drug metabolism of antiviral drugs such as lopinavir/ritonavir that are 

widely used for COVID-19 may endure further iatrogenic damage during treatment 11.  

 

Dermatological  

 

Skin manifestations were first reported in an Italian cohort where approximately 20% of 

hospitalised patients with COVID-19 and no exposure to new medications showed signs of 

cutaneous involvement 14 . Rashes appeared either before (9%) or after (11%) 

hospitalisation and were described as erythematous, widespread urticarial, or resembling 

chickenpox. Since then skin manifestations have been classified, most comprehensively, in 

a cross-sectional study of 375 patients with COVID-19 and cutaneous lesions 15. The five 

groups identified were: 1) pseudo-chilblain lesions, i.e. acral areas of erythema–oedema 

with some vesicles or pustules (19%, Figure 6a,b), 2) other vesicular eruptions (9%, Figure 

6c), 3) urticarial lesions (19%, Figure 6d), 4) other maculopapules (47%, Figure 7a,b,c), and 

5) livedo or necrosis (6%, Figure 7d) 15. Eruptions occurred before (6%), at the same time 

(57%), or after (37%) the onset of other symptoms and the type of lesion was associated 

with age and disease severity, both increasing from group 1 to group 5. In this study, 

patients received a variety of drug treatments and not all skin manifestations may therefore 

be directly caused by SARS-CoV-2. For example, hydroxychloroquine, may cause skin 

reactions including the rare Stevens-Johnson Syndrome presenting with a pruritic 

erythematous maculopapular eruption that rapidly spreads from distal extremities (Figure 8) 

to the whole body with orolabial and genital mucosal involvement 16. An awareness of 



clinicians to possible skin involvement may help in the diagnosis and management of 

patients with COVID-19. 

 

Neurological 

 

Neurological manifestations of COVID-19 include anosmia and ageusia, which are extremely 

common and are now recognised as key symptoms. A systematic review 17 of 41 studies 

found the neurological manifestations of COVID-19 could be divided into three main 

categories: 1) neurological diseases comorbid with COVID-19, i.e symptoms prior to the 

infection and neurological diseases that also act as a risk factor for developing the virus, 2) 

non-specific neurological manifestations caused by systemic responses and partly the 

neuro-invasive behaviour of the virus, 3) specific neurological symptoms and diseases 

including encephalitis, myelitis and seizures.  

 

One national registry of 125 COVID-19 patients investigating neurological or psychiatric 

disease over a three-week period found 31% to have altered mental status including 16 

(13%) with encephalopathy (Figure 9A-D) 18 and 23 (18%) with a neuropsychiatric diagnosis. 

Of the 23 patients, ten had psychosis; six neuro-cognitive dementia-like syndrome and four 

demonstrated an affective disorder 18. Cerebrovascular events were prevalent at 62% 

(77/125); 46% with ischaemic strokes (Figure 9 E,F) and 7% with intracerebral 

haemorrhages 18. Many patients had known risk factors and were over 60 years old. 

Predominately we are seeing large vessel disease and markers of a prothrombotic state 

suggesting a causal relationship18. However, the extremely high number of cases of SARS-

CoV-2 and the large percentage of those with stroke having other risk factors makes proving 

causality a challenge. Small asymptomatic infarcts have been identified on MRIs and blood 

D-dimer concentrations were raised in many COVID-19 patients 18. The best current 

explanation for the cerebrovascular events is the hyper-coagulable state SARS-CoV-2 

triggers owing to the activation of inflammatory and thrombotic pathways and consequently 

destabilisation of carotid plaque. 

 

Conclusion 

 

This article provides a succinct description of how COVID-19 affects a wide range of organs. 

SARS-CoV2 exerts direct damage of target tissues through binding at the ACE2 receptor 

and indirect effects mediated by systemic inflammation and a prothrombotic state. Although 

the short-term consequences of COVID-19 are becoming clearer over time, the long-term 



effects of this novel virus are not transparent, yet. Highlighting the pulmonary and extra-

pulmonary manifestations of COVID-19 in an open access platform like the one provided by 

Oxford Medical Case Reports will help clinicians to better understand and manage the multi-

organ manifestations of this disease during an imminent second wave of infection.  
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Figures 

 

 

 

 

Figure 1: Postmortem examination of COVID‐19 patients reveals diffuse alveolar damage 

with severe capillary congestion and variegated findings in lungs and other organs 

suggesting vascular dysfunction. Microscopic lung findings. A, Exudative diffuse alveolar 

damage (DAD) showing discrete hyaline membranes and prominent capillary congestion. B, 

Syncytial cells of pneumocyte II origin. C, Extensive capillary congestion without DAD. D, 

Microthrombi in alveolar capillaries. Image reproduced from Menter et al 5 under the terms of the creative 

commons attribution license. 

 

 

 



 

Figure 2: In these 2 patients were recorded the following variables: type 1 lung weight 

(1192 g), gas volume (2774 ml), percentage of non-aerated tissue (8.4%), venous admixture 

(56%), P/F (68), and respiratory system compliance (80 ml/cmH2O); type 2 lung weight 

(1441 g), gas volume (1640 ml), percentage of non-aerated tissue (39%), venous admixture 

(49%), P/F (61), and respiratory system compliance (43 ml/cmH2O). Image reproduced from Gattinoni 

et al 6 under the terms of the creative commons attribution 4.0 international license.                 

 

 

 

 



 

 

Figure 3: Focal Myocardial Fibrosis in Patients Recovered From COVID-19: A 29-year-old 

male patient (first row) underwent cardiac CMR 1 month after the onset of palpitations. A 60-

year-old male patient (second row) underwent cardiac CMR 2 months after the onset of 

palpitations. PSIR sequences in short-axis view (A, C) showed focal LGE (black arrows) in 

inferior and septal segments of left ventricle, respectively. Results were confirmed on the 

PSIR sequences in 2-chamber view (C) and 4-chamber view (D). Images A and 

D demonstrated a small pericardial effusion (white arrow) in both patients. COVID-

19 = Coronavirus Disease 2019; LGE = late gadolinium enhancement; CMR = cardiac 



magnetic resonance; PSIR = phase-sensitive inversion recovery. Image reproduced from Huang et al 8 

under the terms of the creative commons attribution 4.0 international license.           

 

 



 

Figure 4: A and B, Histologic findings in an adult man with severe cardiac magnetic 

resonance (CMR) imaging abnormalities 67 days after COVID-19 diagnosis. High-sensitivity 

troponin T level on the day of cardiac magnetic resonance imaging was 16.7 pg/mL. The 

patient recovered at home from COVID-19 illness with minimal symptoms, which included 

loss of smell and taste and only mildly increased temperature lasting 2 days. There were no 

known previous conditions or regular medication use. Histology revealed intracellular 

oedema as enlarged cardiomyocytes with no evidence of interstitial or replacement fibrosis. 

Panels A and B show immunohistochemical staining, which revealed acute lymphocytic 

infiltration (lymphocyte function–associated antigen 1 and activated lymphocyte T antigen 

CD45R0) as well as activated intercellular adhesion molecule 1. C to F, Representative 

cardiac magnetic resonance images of an adult woman with COVID-19–related 

perimyocarditis. Panels C and D show significantly raised native T1 and native T2 in 

myocardial mapping acquisitions. Panels E and F show pericardial effusion and 

enhancement (yellow arrowheads) and epicardial and intramyocardial enhancement (white 

arrowheads) in late gadolinium enhancement (LGE) acquisition. Image reproduced from Puntmann et 

al 10 under the terms of the CC-BY License. 

 

 



 
 

Figure 5: Coronal CT of the abdomen and pelvis with IV contrast in a 47-year-old man with 

abdominal tenderness demonstrates typical findings of mesenteric ischemia and infarction, 

including pneumatosis intestinalis (arrow) and non-enhancing bowel (*). Frank discontinuity 

of a thickened loop of small bowel in the pelvis (thin arrow) is in keeping with perforation. 

Permissions granted to reproduce image from Bhayana et al 13. 

 



 

Figure 6:  All of the patients shown had confirmed COVID-19. (a, b) Acral areas of 

erythema–oedema with vesicles or pustules (pseudo-chilblain). (c) Monomorphic (i.e. at 

same stages) disseminated vesicles. (d) Urticarial lesions. Permissions granted to reproduce image from 

Casas 15. 

 



 

Figure 7: All of the patients shown had confirmed COVID-19. (a) Maculopapular eruption. 

Some of the lesions are perifollicular. (b) Acral infiltrated papules (pseudovesicular). (c) 

Acral papules (erythema multiforme like). (d) Livedoid areas. Permissions granted to reproduce image 

from Casas 15. 

 



 

Figure 8: Pruritic erythematous maculopapular rash on the distal extremities due to HCQ 

consumption. Image reproduced from Davoodi et al 16 under the terms of the creative commons CC-BY-NC license. 

 

 

 

 

 

 

 



Figure 9: Brain imaging in patients with neurological disease associated with COVID-19 

(A) Hyperintensity along the wall of inferior horn of right lateral ventricle on diffusion-

weighted imaging, indicating ventriculitis. (B) hyperintense signal changes in the right mesial 

temporal lobe and hippocampus with slight hippocampal atrophy, consistent with 

encephalitis (C) Hyperintensity within the bilateral medial temporal lobes and thalami. (D) 

Evidence of haemorrhage, indicated by hypointense signal on susceptibility-weighted 

images, consistent with acute necrotising encephalopathy (E) CT showing ischaemic lesions 

involving the left occipital lobe. (F) Right frontal precentral gyrus of the brain in a man aged 

64 years who deteriorated neurologically after admission to hospital with COVID-19 and was 

diagnosed with acute stroke. Permissions granted to reproduce image from Ellul et al 18. 

 

 


