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Abstract:
Objectives:
To assess the adherence of Ghanaian healthcare laboratories to AST standards and to assess discrepancies between breakpoint-defining dosages and recommended doses in Ghanaian National Standard Treatment Guidelines (NSTGs). 
Methods:
Nineteen laboratories were issued electronic questionnaires regarding AST methods and guidance. NSTG doses and breakpoint-defining dosages were compared to determine the applicability of AST standards. 
Results: 
Eleven of the 19 laboratories responded.  Traditional biochemical species identification was the most common method among surveyed laboratories, with disc diffusion being the main AST method. All laboratories reported using CLSI standards. Major quality assurance issues identified regarding AST testing included the use of outdated standards, failure to consistently determine inoculum density, irregular use of quality control strains, and agent limitations on antibiotic disc panels. Discrepancies in definitions for multidrug resistance and the testing of such isolates were also identified. 
 	When comparing recommended NSTG doses to breakpoint-defining dosages, the EUCAST standard had a higher number of doses available for review (30/30, 100% versus 14/30, 47%) and a higher percentage of full agreement (19/30, 63% versus 6/30, 20%) compared with CLSI.  Discrepancies between breakpoint-defining and recommended dosages were found for meropenem, ceftriaxone, and amoxicillin-clavulanic acid oral/iv, leading to potential underdosing.  
Conclusions:
This study highlights the need for rigorous adherence to AST standards and outlines considerations for the adoption of AST standards in a low-middle-income country.





Introduction
Inadequate data and metadata, coupled with relatively high uncertainty regarding the accuracy and reliability of these estimates, bedevil estimates of antimicrobial resistance (AMR) across Sub-Saharan Africa,1 These limitations necessitate initiatives to improve microbiology testing capacity to inform mitigatory interventions.2,3 Antimicrobial susceptibility testing (AST),  with its dual roles in direct patient care and in the monitoring of AMR trends through passive surveillance, requires prioritisation, aiming both to improve access to testing and to ensure its quality.4 However, data from 2019 to 2021 revealed that, across 14 sub-Saharan countries, including Ghana, only 675 laboratories out of 53,770 performed AST.  And, among these 675, just 90 had attained International Organisation for Standardisation (ISO) accreditation, meeting the quality standard for medical laboratories.5
It is important that laboratories use standards for determining resistance rates from AST data, so as to ensure homogeneity, reliability, and comparability for national surveillance programmes,6 and to best support patient care by influencing prescribing.7 The categorisation of organisms as susceptible at standard dosing (S), resistant (R), or susceptible at higher drug exposures (I or SDD for EUCAST and CLSI guidelines, respectively),8,9 to tested antibiotics depends on the guidelines used. This may lead to difficulty in generating AMR estimates or comparisons in the absence of quantitative data, such as disc diffusion zone diameters or MIC dilutions. 
This study aimed to generate baseline data on AST practice, and the definitions used in reporting MDR isolates in Ghana. It also sought to assess the application of important concepts in reporting AST results for routine clinical care, such as the pharmacodynamic/pharmacokinetic (PK/PD) implications of differences between recommended treatment doses and ‘breakpoint-defining dosages’, upon which AST committees’ SIR breakpoints are predicated. Finally, it sought to elucidate barriers and discuss potential avenues to improve the quality of AST in Ghana.
Methods
A descriptive, prospective, cross-sectional design was utilised, targeting healthcare laboratories identified from previous studies and databases as providing bacteriological diagnostic services in Ghana. 5,10,11 A modified version of the Public Health Wales Survey (Supplementary file S1) was created using Google Forms and sent to 19 laboratories, varying in the level of healthcare services provided, ownership type, and locality. Phone calls to laboratory heads were employed to obtain verbal permission, with a favourable ethics opinion letter sent electronically. The questionnaire sought demographic information as well as technical data on AST practice. As this was a pilot, laboratories were not contacted for further clarification after their responses were received. 
For PK/PD analysis of recommended doses in the Ghanaian National Standard Treatment Guidelines (NSTGs) and comparison of these with the breakpoint-defining doses of CLSI and EUCAST,12 only adult doses were considered. Comparisons were assessed using a four-point scale, namely, Fully Agree, Partially Agree, Disagree, or Not Applicable. 

Sampling 
Purposive sampling was used for this pilot study, and laboratories were identified first through published literature and recommendations of the National AMR Platform under the Ghanaian Ministry of Health.

Ethics
 A favourable ethical opinion was obtained from the Cape Coast Teaching Hospital’s Ethical Review Committee (CCTHERC/EC/2024/066) before commencing the study. Due to the low risks to study respondents, written informed consent was not deemed necessary.
Results and Discussion
The survey was open for six months from 13th June to 11th December 2024. Eleven out of 19 facilities completed the questionnaire. These spanned different laboratory types situated in six out of 16 administrative Ghanaian regions. Private and government-owned laboratories were included, encompassing those serving primary, secondary and tertiary care, as well as research. Respondents were mainly laboratory scientists with more than three years of experience (Table 1). The estimated mean number of samples processed in a month across all facilities was 175 (ranging from 5 to 500), which appears to be consistent with findings from another study.5 The populations served by the laboratories were difficult to estimate due to potential coverage overlaps. 

Bacterial identification and AST methods
All laboratories reported using traditional biochemical methods for bacterial identification (indole, citrate, etc.).  The only research laboratory included (GH001) also reported using matrix-assisted laser desorption ionisation time of flight (MALDI-ToF) alongside polymerase chain reaction and Analytical Profile Index (API) kits for the definitive identification of isolates. These findings are consistent with another study, where only five out of 64 surveyed Ghanaian laboratories reported using non-traditional pathogen identification.5 Manual biochemical bacterial identification can be time-consuming and resource-intensive, with the accuracy of results relying on the nature of tests or reagents utilised, especially for Gram-negatives.13 This should be considered a high-priority area for standardisation, since the interpretation of AST results depends upon knowing the bacterial species.
Disc diffusion was the most common AST method employed by laboratories (n=10/11) with one of these sites utilising this method alongside gradient tests and broth microdilution. The remaining laboratory reported utilising broth microdilution as its main method. No lab reported using automated AST methods. Two laboratories reported using rapid AST on blood cultures, with another indicating that they planned on implementing this in the future. Finally, only one laboratory reported having access to Whole Genome Sequencing services either internally or externally.

AST guideline documents
All laboratories reported using CLSI guidance for their AST; however, most editions were from 2019 to 2022 (n=7/11), with one lab uncertain. Three laboratories reporting use of the 2024 CLSI guidance, but two indicated version details inconsistent with the CLSI M100 Edition 34, 2024 guideline;9 one quoted the document prefix as M34, while the other quoted “version 4” as the edition in use.  With yearly updates in guidance documents, including revisions and updates of breakpoints for certain antibiotic-species combinations, compliance will be heavily influenced by the recency of guidance used. While 75% (n=48/64) of Ghanaian laboratories reported compliance to a standard (CLSI or EUCAST) in the survey by Ondoa et al.,5 our findings indicate the need for deeper investigation. Notably, one laboratory indicated difficulty in compliance without further elaboration, while another mentioned the cost of AST guidance documents as a major problem encountered during AST. This was surprising as, aside from the Low-Middle Income 80% discount offers for M100, there is a free online version.14 Additionally, update webinar registration is costly, raising another hurdle for resource-limited settings. With EUCAST AST resources being free, a change from CLSI methodology should be considered.

Major problems faced when performing AST
Eight of the eleven laboratories reported facing problems, mainly due to a lack of adequate resources to perform AST to the prescribed standard.

Disc diffusion methodology
For the nine laboratories relying solely on disc diffusion as their AST method, further responses were elicited as part of the questionnaire concerning their methodology. Five laboratories utilised ring disks with a fixed antibiotic panel, with Axiom® and Biomark® stated as the disc manufacturers.15,16 For the four laboratories that utilised single antibiotic disks, where agents to test could be tested independently, the manufacturers were either Oxoid® or BD®, with one laboratory not reporting the supplier.17,18 The choice and quality of antibiotic discs cannot be overlooked in achieving reliable results.19 Fixed panels that limit agent selection for species  should be discouraged, as well as inadequate spacing of discs, which leads to overlapping zones.  The latter point is especially important, given that 90-mm Petri dishes were most commonly used (n=7/9), with one laboratory utilising 100-mm dishes, and another utilising both. 

Quality assurance in AST
The pH of the media used for disc diffusion was reported to be checked before AST by six laboratories, with the remainder saying that it was checked occasionally but not regularly. However, our questionnaire did not probe further as to how this was performed, or if plates were pre-poured or prepared in-house.
The density of the bacterial inoculum was assessed visually at five labs; four reported using a densitometer; one laboratory was unsure of its method (GH0004), and the final laboratory did not check the density. Variations in inoculum density affect the accuracy and reproducibility of AST results. It is therefore concerning that some laboratories do not check the density of the inoculum prior to testing.20 Even in the absence of spectrophotometric methods, a manual McFarland standard (barium chloride concentrated in sulphuric acid), used alongside a Wickerham card, is easily adopted for visual comparison. 
Rigorous internal quality control (QC) with control strains to validate performance is essential. QC strains were reported to be routinely used when performing AST at five laboratories, while the remainder (6/11) reported using these strains occasionally but not regularly, with the questionnaire not probing further to identify which QC strains were used and which antibiotic panels they were tested against.
Internal proficiency testing schemes were reported to be undertaken by 55% (n=6/11) of responding laboratories, with three not involved in any type of proficiency testing.  Two sites participated in external proficiency testing programmes (scheme name not requested). To mitigate such issues, the WHONET software comes with integrated quality alerts that prompt users when anomalies are recorded, including unexpected resistant phenotypes and discordant AST results.21 Adoption of this could assist laboratories in identifying common AST errors, supporting treatment guidance.

AST reporting
Only two laboratories provided templates of their AST reports issued to clinicians. Four labs indicated reporting on MDR Gram-positives, while five reported on MDR Gram-negatives. However, the definitions for MDR for both organism groups varied, with these either failing to highlight resistance to different classes or the number of antibiotics to which organisms were inherently resistant.22 This is important as it accounts for expected resistant phenotypes (otherwise known as intrinsic resistance).23 This is summarised in Tables 2 and 3.  Laboratories GH007 and GH010 reported on the specific phenotypes they sought, with both using cefoxitin to identify methicillin resistance in S. aureus. One of these two laboratories further indicated testing for vancomycin-resistant S. aureus and vancomycin-resistant enterococci, but it is unclear if, for S. aureus, these used a screening agar containing 6 mg/L vancomycin, as advocated by both CLSI and EUCAST. It is noteworthy that vancomycin-resistant S. aureus isolates are very rare and would, according to AST guidelines, require confirmation at a reference laboratory if detected.9
One laboratory (GH007) reported using cefoxitin resistance as a screen for extended-spectrum b-lactamases (ESBLs).  However, cefoxitin resistance in E. coli is associated with up-regulated AmpC b-lactamase production or porin loss,24 not with ESBLs, making the test inappropriate for its intended goal. For laboratory GH010, ESBL production was tested by comparing susceptibility to ceftazidime versus ceftazidime-clavulanate and to cefotaxime, versus cefotaxime-clavulanate, predicated upon the fact that clavulanate inhibits ESBLs. Carbapenem resistance was also reported to be tested for ‘Enterobacteriaceae’ using meropenem and ertapenem discs; it is unclear if other families within the order Enterobacterales were also included for testing, or if ‘Enterobacteriaceae’ was used synonymously for Enterobacterales.

Analysis of recommended antibiotic dosing regimen in Ghanaian NSTG versus breakpoint-defining dosages 
[bookmark: _Hlk215726064]All 30 antibiotics present in the Ghanaian NSTGs, had breakpoint-defining dosages stated in EUCAST breakpoint tables (100%) (9) compared with only 47% (14/30) in the CLSI dosages table.14 Comparisons of higher doses (i.e. as defining ‘susceptible with increased exposure’) were not applicable for 60% (18/30) of antibiotics based on EUCAST and 83% (25/30) using CLSI. Insofar as breakpoints are predicated upon breakpoint-defining dosages, any significant deviation may invalidate the susceptibility categorisation.  
EUCAST had a higher percentage of breakpoint-defining dosages coinciding with those advocated by NSTGs in Ghana, either fully (63.3%, 19/30) or partially (20%, 6/30) when compared with CLSI, at 26.7% (8/30) and 6.7% (2/30), respectively. Findings are summarised in Table 4, with fuller analysis available in Supplementary File S2.
[bookmark: _Hlk215726246] 	In some cases, discrepancies between NSTG and breakpoint-defining dosages raise issues of stewardship concern, such as the NSTGs recommending 0.5 g of meropenem q8h, whereas both CLSI and EUCAST breakpoints are predicated upon higher dosages. Though only indicated for severe burns in the NSTG, meropenem is, in practice, used as a last-line agent for difficult-to-treat infections, especially those caused by MDR Enterobacterales. In Monte-Carlo simulations a 1g dose is predicated to give, with 95% confidence (95% PTA),25 a free/unbound drug level above the 2 mg/L breakpoint (fT>MIC) for 25-40% of the dosage interval, with >1-log10 kill.   A 0.5 g q8h regimen evidently leads to reduced exposure, assuming a constant half-life.  Using either the 1 g q8h regimen, or 0.5 g at a shorter dosing interval of q6h, should give higher chances of clinical success.  Even though the doses stated in CLSI and EUCAST are not treatment guidelines, they reflect the common doses stated in international guidelines and are the basis of defining susceptibility.
The ‘1 g to 2 g’ q24h dose of intravenous ceftriaxone recommendation in the NSTG is fully consistent with the 1g CLSI breakpoint dosage but has the potential to differ from the EUCAST 2 g dose. From the Monte-Carlo simulations presented in the EUCAST rationale document,26 0.25 mg/L is the highest MIC for which both the 1g and 2 g doses could achieve a PTA of at least 95% when using the PK/PD index of 40% fT>MIC for Enterobacterales. However, only the 2g dose achieves a PTA above 90% at the clinical breakpoint of 1 mg/L whereas the 1 g dose has an 86% PTA. The 1 g dose may be sufficient to cover wild-type E. coli (Epidemiological Cut-off ≤0.125 mg/L) and uncomplicated gonorrhoea.27 However, for the two indications listed for this dose in the NSTG;  bacterial prostatitis (third-line agent reserved for severe infections) and acute abdomen (infectious constitutions, perforations, and intestinal obstructions), a 2 g q24h or q12h dose would be expected to achieve more favourable exposures clinically at the clinical breakpoint of  ≤1 mg/L, with PTAs of 92% and 96% respectively.
 	In the case of oral amoxicillin-clavulanic acid the NSTGs recommend 625 mg q12h for outpatient cellulitis, post-chickenpox bacterial infections, and as oral step-down for moderate to severe cases of impetigo and endo-myometritis/perineal infections. This dosage is inconsistent with breakpoint-defining dosages in both guidelines. PK/PD simulations showed that only shorter dosing intervals of q8h and q6h achieved PTAs over 95% for MICs of 0.5 mg/L, coinciding with the ECOFF for MSSA, based upon a 40% fT>MIC target.28 At the very least, a 625 mg q8h dose should be considered to avoid failure to cover wild-type S. aureus. Similar concerns apply to the NSTG intravenous 1.2 g amoxicillin-clavulanic acid q12h compared with EUCAST’s 1.2 g q6-8h breakpoint-defining dosage, and the q6h dosing interval for CLSI.

Conclusions
This pilot, for a Sub-Saharan African country, considered (i) AST methodology and (ii) the agreement of nationally advocated dosage regimens with those upon which breakpoints are based. Both aspects have direct implications for patient care. This has been overlooked in the Ghana National Action Plan for Antimicrobial Use and Resistance, which lapsed in 2021 - its focus was mainly on laboratory surveillance capacity-building initiatives.29Although these are important, there also is a need to incorporate patient-centred initiatives to ensure reliable AST reporting to clinicians to guide treatment. Discrepancies between NSTG and breakpoint-defining doses must be addressed by a formally established national AST committee, which will provide guidance to laboratories, especially concerning future iterations of the NSTG. At a national level, the establishment of a quality standards consortium similar to the U.K. National External Quality Assessment Service (NEQAS) should be a priority for consistent monitoring of adherence to best practices nationally and to achieve local optimisation with available resources at any given facility. Use of the EUCAST standards among laboratories facing constraints in accessing CLSI standards should be considered; more generally, in finding ways forwards, laboratories should consider cost, sustainability and the availability of AST consumables and antibiotics.
Some limitations of this study were the inability to probe further regarding quality control, AST methods, and proficiency testing. Self-reporting may have introduced bias, as the likelihood of reporting desirable results cannot be excluded. The laboratories may not be representative of practices across the country; in all such surveys the most enthusiastic are the most likely to respond. However, this pilot’s aim was not to determine the prevalence of AST adherence but to identify shortcomings and potential remedies. The wider rollout will seek to employ in-person site visits for a representative number of sampled laboratories with additional questionnaire items to reflect representative AST practices and gaps nationally. 
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Table 1. Demographics of respondent laboratories 
	Facility ID
	Respondents Cadre
	Years of Experience in role at the facility
	Estimated number of samples processed for AST each month

	GH001
	Laboratory technician 
	3-5 years
	130

	GH002
	Medical Laboratory Scientist 
	6-10 years
	200

	GH003
	Medical Laboratory Scientist 
	Over 10 years
	400

	GH004
	Medical Laboratory Scientist
	3-5 years
	150

	GH005
	Medical Laboratory Scientist
	6-10 years
	100

	GH006
	Biomedical Scientist 
	3-5 years
	5

	GH007
	Medical Laboratory Scientist
	Over 10 years
	120

	GH008
	Medical Laboratory Scientist
	6-10 years
	20

	GH009
	Laboratory technician 
	3-5 years
	50

	GH010
	Medical Laboratory Scientist 
	Over 10 years
	500

	GH011
	Medical Laboratory Scientist 
	6-10 years
	250






Table 2. Gram-positive MDR reporting and definitions among respondent laboratories. 
	Facility Code
	Gram-positive MDR Reporting status
	MDR Definition
	MDR organisms reported on

	GH001
	Yes
	Resistance to at least two antibiotic classes 
	Staphylococcus aureus
Streptococcus agalactiae

	GH007
	Yes
	Resistance in 3 or more antibiotic classes
	Staphylococcus aureus


	GH009
	Yes
	No idea
	No idea

	GH010
	Yes
	Resistance to one or more antibiotics in at least three different classes of antibiotics
	Staphylococcus aureus
Enterococcus spp.





Table 3. Gram-negative MDR reporting and definitions among respondent laboratories.
	Facility Code
	Gram-negative MDR Reporting status
	MDR Definition
	MDR organisms reported on

	GH001
	Yes
	resistance to multiple antibiotics
	Escherichia coli

	GH002
	Yes
	resistance to three or more different classes of antibiotics
	Escherichia coli
Acinetobacter spp.
Pseudomonas aeruginosa

	GH007
	Yes
	resistance to three or more antibiotics tested
	Escherichia coli

	GH009
	Yes
	No idea
	No idea

	GH010
	Yes
	resistance to one or more antibiotics in at least three different classes of antibiotics
	Enterobacteriaceae





Table 4. Comparison of dosages recommended in the Ghanaian National Standard Treatment Guidelines against breakpoint-defining dosages.
	Antibiotic
	EUCAST
	CLSI

	
	Standard dose
	High dose
	Standard dose
	High dose

	Amikacin
	Disagree
	NA
	Fully Agree
	NA

	Amoxicillin iv
	Disagree
	Disagree
	Disagree
	NA

	Amoxicillin oral
	Fully agree
	Disagree
	Fully Agree
	NA

	Amoxicillin-clavulanic acid iv
	Disagree
	Disagree
	Disagree
	NA

	Amoxicillin-clavulanic acid oral
	Partially Agree
	Disagree
	Partially Agree
	Fully Agree

	Ampicillin oral/iv
	Disagree
	Disagree
	Disagree
	NA

	Azithromycin
	Fully agree
	NA
	Fully Agree
	NA

	Benzylpenicillin iv 
	Fully agree
	Fully Agree
	NA
	Fully Agree

	Cefiximea
	Fully agree
	NA
	NA
	NA

	Cefotaxime
	Fully agree
	Fully Agree
	Fully Agree
	NA

	Ceftazidime
	Fully agree
	Fully Agree
	Fully Agree
	Fully Agree

	Ceftriaxone
	Partially Agree
	Partially Agree
	Fully Agree
	Partially Agreeb

	Cefuroxime iv
	Fully agree
	Fully Agree
	NA
	Fully Agreec

	Cefuroxime oral
	Fully agree
	Fully Agree
	NA
	NA

	Chloramphenicol
	Fully agree
	NA
	NA
	NA

	Ciprofloxacin
	Fully agree
	Fully Agree
	Fully Agree
	Fully Agree

	Clarithromycin
	Fully agree
	NA
	NA
	NA

	Clindamycin
	Partially Agree
	NA
	NA
	NA

	Cloxacillin
	Partially Agree
	NA
	NA
	NA

	Doxycycline
	Fully agree
	NA
	NA
	NA

	Erythromycin
	Fully agree
	NA
	NA
	NA

	Flucloxacillin
	Disagree
	NA
	NA
	NA

	Gentamicin
	Fully agree
	NA
	Fully Agree
	NA

	Levofloxacin
	Fully agree
	NA
	Disagree
	NA

	Meropenem
	Partially Agree
	NA
	Partially Agree
	NA

	Nitrofurantoind
	Fully agree
	NA
	NA
	NA

	Norfloxacind
	Fully agree
	NA
	NA
	NA

	Tetracycline
	Fully agree
	NA
	NA
	NA

	Trimethoprim-sulfamethoxazole
	Fully agree
	NA
	NA
	NA

	Vancomycin
	Partially Agree
	NA
	NA
	NA


Fully Agree = breakpoint-defining dosage exposure (concentration/dosing interval) is equal to or slightly lower than the recommended STG dose(s). Partially Agree = breakpoint-defining dosage has an equal concentration but a slightly shorter dosing interval (higher exposure) for at least 1 but not all of the recommended STG dosing range options. Disagree = breakpoint-defining dosage exposure (concentration and/or dosing interval) is significantly higher than the recommended STG dose(s). NA= Not Available.
aFor cefixime gonorrhoea dose was used as standard dose as this is the only indication in the NSTG
bMethicillin-susceptible S. aureus dose was used as high dose in analysis
cFor cefuroxime iv, CLSI breakpoint can only apply to the highest NSTG dose recommendation
duncomplicated UTI dose was used as standard dose




Implementation of Antimicrobial Susceptibility Testing (AST) Guidelines by Healthcare Laboratories providing Diagnostic Microbiology Services in Ghana  
  
Purpose of the study:   
My name is Joseph Acolatse, and I am writing on behalf of the members of the British Society of Antimicrobial Chemotherapy (BSAC) Antibiotic Susceptibility Testing Standing  
Committee.  This research study aims to learn more about the current conduct of Antibiotic Susceptibility Testing (AST) within the Ghanaian healthcare system in order to identify possible improvements toward standardising and encouraging best practices to improve Antimicrobial Resistance (AMR) reporting and ultimately patient outcomes.    
In this study, we want to learn about AST guidelines and methods used in your lab and some specific processes underlying their implementation.   
  
What we are asking you to do:  
We would like to invite your institution to participate in this study by answering the appended questionnaire on AST methods and procedures used in your laboratory. This survey will take approximately 10-15 minutes to complete.  
  
Who is involved and other participants  
This study includes both public and private healthcare laboratories in Ghana that offer diagnostic microbiology services for use in patient care.  
Participation is voluntary however, your inclusion will help generate important information on AST practices in Ghana to develop a holistic assessment of identified gaps. Your input will also contribute to any future initiatives to improve this area for representative interventions.  
  
Benefits of the study  
Being in this study will bring your outfit no harm.  There are no direct benefits to your institution for participating in this study. It will hopefully help us learn more about AST and current gaps or potential improvements that can be made to ensure best practices from which your lab will benefit indirectly.  
Additionally, direct feedback will be provided to all participating labs as well as the opportunity to be invited for similar research projects in the future regarding new developments and practices in AST both in Ghana and globally.   
  
How will data be handled?  
All data will be kept strictly confidential with survey responses being available to only the study investigators. All responses will be anonymised from the onset using identification codes that delink the facility from survey responses. Due to this anonymization process, participants cannot withdraw or opt out of participation as responses cannot be traced back to any individual facility. All data will be used solely for the purposes of analysis for the aims outlined in the study.   
Further information:  
If you want more information regarding the study, contact Mr. Joseph Acolatse on  j.acolatse@ccth.gov.gh  
If you have questions about your rights as a research participant, please contact ccthresearch@gmail.com Cape Coast Teaching Hospital Ethical Review Committee.  
  
Agreement:  
By filling out and submitting this questionnaire, I agree to be in the research study described above.  
QUESTIONNAIRE  
Facility code (to be assigned by the investigator):  
  
A. GENERAL  
1. Facility Region:   
2. Title/cadre of respondent:  
3. Years of working in a diagnostic microbiology laboratory:  
4. What type of laboratory is your facility classified as:  
a) Private independent laboratory  
b) Private hospital laboratory   
c) Government primary hospital laboratory  
d) Government secondary hospital laboratory  
e) Government tertiary hospital laboratory   
f) Faith-based healthcare facility laboratory   
g) Specialist hospital laboratory   
h) Reference laboratory  
i) Academic/research laboratory  
  
5. How many Antibiotic Susceptibility Testing (AST) samples are usually processed by your laboratory in a month?   
Please answer here ……………….  
  
6. What method(s) are used for the identification of bacteria in your laboratory?  (please tick)  
a) Traditional/presumptive biochemical tests (indole, citrate, urease, etc.)  
b) Definitive biochemical tests (API kits, serology etc.)  
c) MALDI-ToF MS (Matrix-assisted laser desorption/ionisation Time-of-Flight Mass Spectrometry)  
d) Nucleic Acid Amplification Tests (PCR)  
e) Whole Genome Sequencing  
B. AST GUIDELINES  
7.      What AST Guidelines are used in your laboratory for the interpretation of bacteriology results?  
a) Clinical Laboratory Standards Institute (CLSI) Guidelines   
         Please state the version here:  …………………………………..…….  
b) European Committee for Antimicrobial Susceptibility Testing (EUCAST) Guidelines, directly or through BSAC guidance  
         Please state the version here:  …………..……………………………  
c) Other (please specify ……………………………………………)  
d) Do not use AST Guidelines   
  
C. AST METHODS  
8. Which AST method(s) are used in your laboratory?  (please tick)  
a) Automation as the main AST method. If yes please specify; [  ] Vitek2 [ ] Phoenix [  ] Microscan or other [  ]  
b) Disc diffusion as the main AST method  
c) E-test as the main AST method  
d) Manual Broth microdilution  
e) Combination of methods, please specify ……………………………   
If disk diffusion is the main AST method used in your lab, please answer questions 9 to 
12;  
9. What type of discs are used for AST? Tick all that apply  
a) single disks for different antibiotics to be tested individually  
b) A fused/ring disc with multiple antibiotics to be tested simultaneously  
c) Other (please specify) …………………………………………………..  
    
10. What type of petri dish sizes are used to conduct AST against isolated microorganisms a)      100-mm plates  
b) 150-mm plates  
c) 90-mm plates  
d) Unsure  
  
11. Is the pH of the agar plates checked before conducting AST in your lab?  
a) Yes  
b) No  
c) Occasionally but not regularly  
  
12. What is the name of the disc manufacturer/supplier for discs used in AST?   
Please specify: ……………………………………………………….  
  
13. How are McFarland standards determined in your lab?  
a) Using a nephelometer  
b) Visually  
c) Don’t do this in my lab  
d) Unsure  
  
14. Are control strains routinely used when performing AST in your lab? 
       a)      Yes  
b) No  
c) Occasionally but not regularly  
  
15. Does your lab participate in any proficiency schemes outlined below?  
a) External proficiency testing  
b) Internal proficiency testing  
c) Does not participate in any proficiency testing scheme  
  
16. Do you perform Rapid AST directly from blood culture bottles in your laboratory?    
        (please tick)  
a) Yes  
b) No  
c) We plan on implementing this in the future  
  
17. Does your lab have access to Whole Genome Sequencing (WGS) technology for AST 
either  
           internally or from external facilities?               
a) Yes  
b) No  
c) Unsure  
  
18. How does your lab define multi-drug resistance (MDR) among Gram-positive bacteria?  
 	Please  	answer  	here  
…………………………………………………………………………...  
…………………………………………………………………………………………… 
……  
…………………………………………………………………………………………… 
……  
…………………………………………………………………………………………… 
……  
  
19. If yes, which Gram-positive organisms do you report MDR on and which antibiotics do you test to ascertain MDR status?   
Please list here  
	Organisms  
	Antibiotics tested against organisms to ascertain multi-drug resistant (MDR) status and their concentrations in µg  

	1.  
	  

	2.  
	  

	3.  
	  


  
20. How does your lab define multi-drug resistance (MDR) among Gram-negative bacteria?  
 	Please  	answer  	here  
…………………………………………………………………………...  
…………………………………………………………………………………………… 
……  
…………………………………………………………………………………………… 
……  
…………………………………………………………………………………………… 
……  
  
21. If yes, which Gram-negative organisms do you report MDR on and which antibiotics do you test to ascertain MDR status?   
Please list here  
	Organisms  
	Antibiotics tested against organisms to ascertain multi-drug resistant (MDR) status and their concentrations in µg  

	1.  
	  

	2.  
	  

	3.  
	  


  
22. What are the major problems your lab faces in utilising AST guidelines or performing AST testing?  
         
………………………………………………………………………………………………  
         
………………………………………………………………………………………………  
         
………………………………………………………………………………………………  
         
………………………………………………………………………………………………  
         
………………………………………………………………………………………………  
         
………………………………………………………………………………………………  
         
………………………………………………………………………………………………  
         
………………………………………………………………………………………………  
23. Please attach an anonymised example of your laboratory report that includes the routinely tested antibiotic panels used in AST of all specimens (e.g. urine, blood) and bacteria  
  
  
We are grateful for your help completing the questionnaire.  
	Cephalosporins
	AST Guideline
	Standard dosage
	High dosage
	Uncomplicated UTI
	Special Situations
	Comments

	Cefixime
	EUCAST
	0.2-0.4 g x 2 oral
	None
	0.2-0.4 g x 2 oral
	Uncomplicated gonorrhoea: 0.4 g oral as a single dose
	 

	
	CLSI
	NA
	 
	NA
	NA
	 

	
	NSTG
	NA
	NA
	NA
	0.4 g x 1 oral
	For cefixime gonorrhoea dose was used as standard dose as this is the only indication in the STG

	Ceftriaxone
	EUCAST
	2 g x 1 iv
	2 g x 2 iv or 4 g x 1 iv
	NA
	Meningitis: 2 g x 2 iv or 4 g x 1 iv
S. aureus: High dose only
Uncomplicated gonorrhoea: 0.5-1 g im as a single dose
	 

	
	CLSI
	1 g x 1 iv
	2 g x 2 iv
	NA
	MSSA: 2 g x 2 iv
	MSSA breakpoint-defining dose was used as high dose in analysis

	
	NSTG
	1-2 g x 1 iv
	2-4g x 1 iv
	NA
	STI-related indications (gonorrhoea): 0.25g x 1 im
	scrotal masses-c, male discharge due to gonorrhoea-c, severe PID-c, STI-related scrotal swelling-m, chancroid-m, cervicitis-c, Aspiration pneumonia alt: 50-70mg/kg x 2 iv

	Cefuroxime iv
	EUCAST
	0.75 g x 3 iv
	1.5 g x 3 iv
	NA
	S. aureus: High dose only
	 

	
	CLSI
	NA
	1.5 g x 3 iv
	NA
	 
	For cefuroxime CLSI breakpoint-defining dose can only apply to the highest STG dose recommendation

	
	NSTG
	0.75 g x 3 iv
	1.5 g x 3 iv
	NA
	 
	 

	Cefuroxime oral
	EUCAST
	0.25 g x 2 oral 
	0.5 g x 2 oral 
	0.25 g x 2 oral 
	 
	 

	
	CLSI
	NA
	NA
	NA
	 
	 

	
	NSTG
	0.25 g x 2 oral 
	0.5 g x 2 oral 
	0.25 g x 2 oral 
	 
	 

	Cefotaxime
	EUCAST
	1 g x 3 iv
	2 g x 3 iv
	NA
	Meningitis: 2 g x 4 iv
S. aureus: High dose only
	 

	
	CLSI
	1 g x 3 iv
	NA
	NA
	 
	 

	
	NSTG
	1-2 g x 3 iv/im
	2g x 3-4 iv
	NA
	 
	 

	Ceftazidime
	EUCAST
	1 g x 3 iv
	2 g x 3 iv or 1 g x 6 iv
	NA
	 
	 

	
	CLSI
	1 g x 3-4 iv
	2 g x 3 iv
	NA
	 
	 

	
	NSTG
	1 g x 3 iv
	2 g x 3 iv
	NA
	 
	 

	Carbapenems
	 
	 
	 
	 
	 
	 

	Meropenem
	EUCAST
	1 g x 3 iv over 30 minutes
	2 g x 3 iv over 3 hours
	NA
	Meningitis: 2 g x 3 iv over 30 minutes (or 3 hours)
	 

	
	CLSI
	0.5 g x 4 or 1 g x 3 iv
	NA
	NA
	 
	 

	
	NSTG
	0.5-1 g x 3 iv
	NA
	NA
	 
	 

	
	
	
	
	
	
	

	Macrolides, lincosamides and streptogramins
	 
	 
	 
	 
	 
	 

	Azithromycin
	EUCAST
	0.5 g x 1 oral or 0.5 g x 1 iv
	None
	NA
	Uncomplicated gonorrhoea: 2 g oral as a single dose
	Breakpoint-defining dose is equal to the latter STG recommended dose only if bodyweight is ≥67kg 

	
	CLSI
	0.5 g x 1 oral or 0.5 g x 1 iv
	NA
	NA
	gonorrhoea: 1 g x 1 iv/oral
	special situation was used as high dose

	
	NSTG
	0.5 g x 1 oral or 0.5 g x 1 iv
	NA
	NA
	1 g x 1 oral or 30mg/kg x 1 oral
	 

	Erythromycin
	EUCAST
	0.5 g x 2-4 oral or 0.5 g x 2-4 iv
	Dosages vary by indication
	NA
	 
	 

	
	CLSI
	NA
	NA
	NA
	 
	 

	
	NSTG
	0.5 g x2-4 oral
	NA
	NA
	 
	 

	Clindamycin
	EUCAST
	0.3 g x 2 oral or 0.6 g x 3 iv
	Dosages vary by indication
	NA
	The high exposure dosing regimen pertains to the severity of the infection or drug exposure at the site of infection.
	 

	
	CLSI
	NA
	NA
	NA
	 
	 

	
	NSTG
	0.3-0.6 g x 3-4 iv or 0.15-0.3 g x 3-4 oral
	NA
	NA
	Meningitis (pen. Allergy) 0.6-0.9 g x 3 iv
	sialadenitis, cellulitis, necrotising fasciitis - 0.15-0.3 g x 3-4 oral

	Clarithromycin
	EUCAST
	0.25 g x 2 oral
	Dosages vary by indication
	NA
	In some countries clarithromycin is available for intravenous administration at a dose of 0.5 g x 2, principally for treating pneumonia.
	 

	
	CLSI
	NA
	NA
	NA
	 
	 

	
	NSTG
	1g x 1 or 0.5 g x 2 oral
	NA
	NA
	 
	Buruli ulcer 7.5mg/kg x 2 oral

	Tetracyclines
	 
	 
	 
	 
	 
	 

	Tetracycline
	EUCAST
	0.25 g x 4 oral
	Dosages vary by indication
	NA
	 
	 

	
	CLSI
	NA
	NA
	NA
	 
	 

	
	NSTG
	0.5 g x 4 oral
	0.25 - 0.5 g x 4 oral
	NA
	 
	 

	Doxycycline
	EUCAST
	0.1 g x 1 oral
	Dosages vary by indication
	NA
	 
	 

	
	CLSI
	NA
	NA
	NA
	 
	 

	
	NSTG
	0.1 g x 2 oral
	NA
	NA
	 
	 

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Aminoglycosides
	 
	 
	 
	 
	 
	 

	Amikacin
	EUCAST
	25-30 mg/kg x 1 iv
	None
	 
	 
	 

	
	CLSI
	15mg/kg x 1 iv
	 
	 
	 
	 

	
	NSTG
	7.5mg/kg x 2 iv
	0.5 g x 3 iv
	 
	 
	15-22.5 mg/kg/day q8h for newborn sepsis

	Gentamicin
	EUCAST
	6-7 mg/kg x 1 iv
	None
	 
	 
	 

	
	CLSI
	7mg/kg x 1 iv
	 
	 
	 
	 

	
	NSTG
	40-80mg/kg x 3 iv
	 
	 
	1-1.5mg/kg x 3 iv - acute abdomen as part of combination therapy
	 

	Penicillins
	 
	 
	 
	 
	 
	 

	Amoxicillin iv
	EUCAST
	1 g x 3-4 iv
	2 g x 6 iv
	 
	 
	 

	
	CLSI
	1-2 g x 4 iv 
	 
	 
	 
	 

	
	NSTG
	1g x 1 iv
	2g x 1 iv
	 
	 
	 

	Amoxicillin oral
	EUCAST
	0.5 g x 3 oral
	0.75-1 g x 3 oral
	0.5 g x 3 oral
	 
	 

	
	CLSI
	0.25 g x 3 or 0.5 g x 2 oral
	
	0.5 g x 3 or 0.875 x 2 oral
	 
	 

	
	NSTG
	0.5 g x 3 oral
	1 g x 3 oral
	 
	 
	 

	Amoxicillin-clavulanic acid iv
	EUCAST
	(1 g amoxicillin + 0.2 g clavulanic acid) x 3- 4 iv
	(2 g amoxicillin + 0.2 g clavulanic acid) x 3 iv
	 
	 
	 

	
	CLSI
	(1 g amoxicillin + 0.2 g clavulanic acid) x  4 iv
	 
	 
	 
	 

	
	NSTG
	(0.875 g amoxicillin + 0.125 g clavulanic acid) x 2 iv
	(1 g amoxicillin + 0.2 g clavulanic acid) x 3 iv
	 
	 
	 

	Amoxicillin-clavulanic acid oral
	EUCAST
	(0.5 g amoxicillin + 0.125 g 
clavulanic acid) x 3 oral
	(0.875 g amoxicillin + 0.125 g clavulanic acid) x 3 oral
	(0.5 g amoxicillin + 0.125 g 
clavulanic acid) x 3 oral
	 
	 

	
	CLSI
	(0.5 g amoxicillin + 0.125 g 
clavulanic acid) x 3 oral
	(0.875 g amoxicillin + 0.125 g clavulanic acid) x 2 oral
	 
	 
	 

	
	NSTG
	(0.5 g amoxicillin + 0.125 g 
clavulanic acid) x 2/3 oral
	(0.875 g amoxicillin + 0.125 g clavulanic acid) x 2 oral
	NA
	 
	 

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Ampicillin oral/iv
	EUCAST
	2 g x 3 iv 
	2 g x 4 iv 
	 
	 
	 

	
	CLSI
	2 g x 4-6 iv
	 
	0.5 g x 4 oral
	Meningitis: 2 g x 6 iv
	 

	
	NSTG
	0.5g x 4 iv
	1g x 1 iv
	 
	 
	 

	Benzylpenicillin
	EUCAST
	0.6 g (1 MU) x 4 iv
	1.2 g (2 MU) x 6 iv
	 
	 
	 

	
	CLSI
	NA
	2MU x 6 iv
	
	3MU x 6 iv
	 

	
	NSTG
	4MU X 4-6 iv
	Diphtheria: 12g x 4 iv
	 
	Acute rheumatic fever: 1.2MUx 1 im
	EUCAST I

	Cloxacillin
	EUCAST
	0.5 g x 4 oral or 1 g x 4 iv 
	Dosages vary by indication
	 
	 
	 

	
	CLSI
	NA
	 
	 
	 
	 

	
	NSTG
	0.5 g x 4 iv
	 
	 
	 
	 

	Flucloxacillin
	EUCAST
	1 g x 3 oral or 2 g x 4 iv 
(or 1 g x 6 iv)
	Dosages vary by indication
	 
	 
	 

	
	CLSI
	NA
	 
	 
	 
	 

	
	NSTG
	0.25-0.5 g x 4 oral
	 
	 
	 
	 

	Fluoroquinolones
	 
	 
	 
	 
	 
	 

	Ciprofloxacin
	EUCAST
	0.5 g x 2 oral or 0.4 g x 2 iv
	0.75 g x 2 oral or 0.4 g x 3 iv
	 
	 
	 

	
	CLSI
	0.5 g x 2 oral or 0.4 g x 2 iv
	0.4 g x 3 iv
	 
	 
	 

	
	NSTG
	0.5g x 2 oral or 0.4g x 2 iv
	0.75g x 2 oral or 0.4g x 3 iv
	0.5 g x 2 oral
	Gonorrhoea partner: 0.25-0.5g x 1 oral
	 

	norfloxacin
	EUCAST
	 
	 
	0.4 g x 2 oral
	 
	 

	
	CLSI
	 
	 
	NA
	 
	 

	
	NSTG
	 
	 
	0.4 g x 2 oral
	 
	uncomplicated UTI dose was used as standard dose

	levofloxacin
	EUCAST
	0.5 g x 1 oral or 0.5 g x 1 iv
	0.5 g x 2 oral or 0.5 g x 2 iv
	 
	 
	 

	
	CLSI
	0.75 g x 1 oral or 0.75 g x 1 iv
	NA
	 
	 
	 

	
	NSTG
	0.5 g x 1 oral
	 
	 
	 
	 

	Miscellaneous agents
	 
	 
	 
	 
	 
	 

	vancomycin
	EUCAST
	0.5 g x 4 iv or 1 g x 2 iv 
or 2 g x 1 by continuous infusion
	 
	 
	 
	 

	
	CLSI
	NA
	 
	 
	 
	 

	
	NSTG
	15mg/kg x 2 iv or 1g x 2 iv
	 
	 
	 
	potential to achieve lower doses using 15mg/kg x 2 iv

	chloramphenicol
	EUCAST
	1 g x 4 oral or 1 g x 4 iv
	2 g x 4 oral or 2 g x 4 iv
	 
	Meningitis: 2 g x 4 iv
	 

	
	CLSI
	NA
	NA
	 
	 
	 

	
	NSTG
	1 g x 4 iv
	 
	 
	Meningitis: 100mg/kg oily preparation x 1 im
	 

	Nitrofurantoin
	EUCAST
	None
	None
	50-100 mg x 3-4 oral
	Dosing is dependent on drug formulation.
	 

	
	CLSI
	NA
	NA
	 
	 
	 

	
	NSTG
	 
	 
	100 mg x 4 oral
	 
	uncomplicated UTI dose was used as standard dose

	Trimethoprim-sulfamethoxazole
	EUCAST
	(0.16 g trimethoprim + 0.8 g sulfamethoxazole) x 2 oral 
or (0.16 g trimethoprim + 0.8 g sulfamethoxazole) x 2 iv
	(0.24 g trimethoprim + 1.2 g sulfamethoxazole) x 2 oral
or (0.24 g trimethoprim + 1.2 g sulfamethoxazole) x 2 iv
	(0.16 g trimethoprim + 0.8 g sulfamethoxazole) x 2 oral
	Meningitis: (5 mg/kg up to 0.48 g trimethoprim + 25 mg/kg up to 2.4 g sulfamethoxazole) x 3 iv
	 

	
	CLSI
	NA
	NA
	 
	 
	 

	
	NSTG
	0.16/0.8 x 2 oral
	 
	 
	 
	 

	
	
	
	
	
	
	

	Key
	
	
	
	
	
	

	Yellow
	breakpoint-defining dose has a slightly higher dosing frequency for at least 1 of the recommended STG dosing options

	
	

	Green
	breakpoint-defining dose is equal to or has slightly less frequent dosing interval than the recommended STG dose(s)

	
	

	Orange
	breakpoint-defining dose is significantly higher than the recommended STG dose(s)

	
	
	
	
	
	

	Blue
	NSTG recommended doses
	
	
	
	




