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Supplementary Materials 
Data acquisition 
The data source for this study was a recently published systematic review.1  An expansion of the 

systematic review was performed to include studies reporting antimicrobial susceptibility testing 

(AST) results for five or more isolates, and for isolates from sites other than blood culture (Browne et 

al.1 included studies reporting on 10 or more blood culture isolates). Data were extracted following 

the same methodology as the initial systematic review.  

Additionally, national and international surveillance reports were incorporated into the study, as 

well as original datasets, contributed by collaborators in the field. 

 

 

Figure S1. Flowchart indicating data sources. Flow chart showing the sources of the input data and 

the number of data points and isolates used for the models of multidrug resistance (MDR), 

fluoroquinolone non-susceptibility (FQNS) and third-generation cephalosporin resistance (3GCR) in 

Salmonella  Typhi and Paratyphi A. *Two of the studies identified by the systematic review were 

replaced by line level datasets provided by the researchers, one study was deemed a duplicate, four 

were published in 1993 and did not provide study dates and were deemed to likely be from pre-

1990, the remaining studies not included from the systematic review did not provide MDR or FQNS 

data for S. Typhi or S. Paratyphi A.1 
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Figure S2. Model input data. Maps showing the number of input data points for each endemic 

country for all years 1990 to 2019, for a) MDR S. Typhi; b) MDR S. Paratyphi A; c) 3GCR S. Typhi; d) 

3GCR S. Paratyphi A; e) FQNS S. Typhi; and f) FQNS S. Paratyphi A. Plot (g) shows the number of data 

sources per year of the study. 
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Inference of missing MDR values 
As MDR is frequently encoded by a plasmid carrying resistance genes for ampicillin, chloramphenicol 

and co-trimoxazole (among others) it is was deemed reasonable to infer the prevalence of MDR 

based on the prevalence of resistance to the individual antibiotics if MDR was not reported. If the 

prevalence of MDR was not reported by a study but resistance to at least two of the three individual 

antibiotics was reported, than the lowest prevalence of resistance for ampicillin, chloramphenicol 

and co-trimoxazole was selected to be used as the MDR prevalence for that study. For example 

• 20% chloramphenicol resistance, 18% ampicillin resistant = 18% MDR 

• 90% ampicillin resistance, 92% co-trimoxazole resistance and 89% chloramphenicol 

resistance = 89% MDR 

• 60% chloramphenicol resistance only  = No MDR estimate inferred. 

 

Figure S3. Comparison of observed versus inferred MDR. A scatter plot to compare the prevalence 

of MDR in studies reporting MDR and the prevalence which would be inferred using the described 

methods. 

Outliering extreme values 
Due to high heterogeneity in the input datasets we outliered datapoints found to have the most 

extreme values for the prevalence of resistance. To account for large spatial and temporal variations 

of the prevalence of resistance in the data two outliering methods were implemented. Firstly, we fit 

an initial generalised linear model (GLM) to the data and covariates to capture the crude spatial-

temporal trends. Datapoints which lay outside of two times the median absolute deviation (MAD) of 

the input data from the modelled estimate for each country were assessed for classification as 

outliers. Secondly, 14 algorithms from the “DDoutlier” package in R were fit to the data using κ from 

a natural neighbour algorithm. Data points which were in the highest 95th percentile of scores from 
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two or more of these algorithms were assessed for classification as outliers. Outliers were then 

removed from the datasets prior to modelling. 

Covariate selection 
A range of spatial and temporally resolute covariates hypothesised to drive the models of MDR and 

FQNS in S. Typhi and S. Paratyphi A were selected from a variety of sources. Covariates available at 

the 5x5km resolution were aggregated to the admin 1 resolution, weighted by the population for 

each year from WorldPop. Covariates only available at the national level were considered using the 

same value for all admin 1 locations for that country-year. 

Firstly, covariates were assessed for their linear association to the input data. Secondly a lasso 

penalised regression model was fit to the input data and covariates using the “glmnet” package in R. 

The covariates identified to be the most influential in the model, without increasing model 

complexity, were selected for consideration in the stacked ensemble model. Various covariates were 

considered for inclusion when fitting the stacked ensemble model and the final covariates selected 

were those which increased the predictive performance of the model, assessed using the five-fold 

cross validation statistics. 

 

Figure S4. Covariate selection. For each model the covariates and child models used in the stacked 

ensemble model are shown by the coloured cells. *For the MDR S. Typhi the stacked ensemble 

model was fit separately for sub-Saharan Africa and all other regions; covariates and child models 

used in both models are shown in solid colour, those for just sub-Saharan Africa with vertical 

hatching and those for the other regions in horizontal hatching. For FQNS S. Typhi, GBD region was 

additionally included as a fixed effect. 

Statistical model of antimicrobial resistance 
For each of the models we considered the following child models for inclusion: boosted regression 

trees (BRT), generalised additive models (GAM), penalised regression models (elastic-net, ridge, 

lasso), random forest, cubist and neural-networks. Models were fit in R version 3·6·1, using the 

Covariate MDR Typhi* FQNS Typhi MDR Paratyphi FQNS Paratyphi CR Typhi CR Paratyphi

Access to towns and cities

Air pollution

Antenatal care coverage

Broad spectrum penicillin antibiotic consumption

Cephalosporin antibiotic consumption

Distance to rivers and lakes

Education level

Government effectiveness estimate

Health expediture per capita

Hospital beds per 1,000 population

Human Development Index

Improved sanitation proportion

Improved water proportion

Mean Temperature

Normalised Difference Vegetation Index

Physicians per capita

Population density

Quality assessment score

Quinolone Antibiotic consumption

Regulation quality estimate

Total antibiotic consumption

Typhoid incidence

Universal health coverage

Voice and accountability estimate
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packages ‘CARET’ version 6·085, ‘mgcv’ version 1·8·31 and ‘glmnet’ version 3·0·2. We fit the child 

models using five-fold cross validation for each indicator and selected the best performing, non-

correlated child models based on the out-of-sample predictive performance (final covariates and 

child models for each indicator are shown in the Supplementary Materials). For MDR S. Typhi, 

models were fit separately for sub-Saharan Africa due to differing spatial trends and associations 

between covariates and data in these regions. 

The out-of-sample predictions for each selected child model were taken and the weighted mean of 

these predictions, constraining the coefficients to sum to one, were then used to fit a Spatial-

Temporal Conditional Autoregressive (ST-CAR) model.2 

The ST-CAR model was fit using R-INLA3, via the “R2Winbugs” package. An adjacency matrix was 

computed for the administrative units level 1 (admin 1) provinces based on the GAUL 2013 admin 1 

shapefile from the FAO, with additional connections added for islands with limited neighbours. 

Random effects were included on the spatial and temporal terms, as well as a space-time interaction 

and a random effect on the source ID, and for the FQNS S. Typhi model on country. The models were 

fit with minimally informative priors on the hyperparameters. One thousand draws of the model 

posterior were taken and the mean and 95% uncertainty intervals were to assess the model 

estimates with uncertainty.  

The admin 1 estimates were aggregated to the national level based on the population weighted 

mean prevalence of AMR. These were then aggregated to the GBD super region and global 

(consisting of all endemic countries analysed) level weighted by the S. Typhi or S. Paratyphi 

incidence. 

 

Figure S5. Countries modelled as endemic for S. Typhi and S. Paratyphi A. Endemicity was defined 

as locations with ≥10 cases per 100,000 population according to the Global Burden of Disease 2017 

study estimates.4 Island nations with no neighbours and populations less than two million were 

excluded from the analysis. S. Typhi was classified as endemic in all regions mapped, but S. Paratyphi 

A was only classified as endemic in the South Asia and Southeast Asia, East Asia & Oceania super-

regions. 
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Figure S6: Schematic of the modelling strategy implemented for MDR and FQNS S. Typhi and S. 

Paratyphi A. This uses MDR S. Typhi as an example but the process was the same for all indicators. 
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Model validation 
All models were validated using five-fold cross validation. Firstly, each data point was assigned to 

one of five random folds. The stacked ensemble model, followed by the ST-CAR model was fit 

holding out each fold of data, using the remaining data to estimate the prevalence of resistance for 

the held-out fold. The correlation (R2) and root mean squared error (RMSE) between the input data 

and the out-of-sample estimates were calculated to assess the predictive validity of the model. 

Global burden of bacterial antimicrobial resistance modelling 
These estimates were produced by the authors as an extension to those used for estimating the 

global burden of antimicrobial resistance in Murray et al.5 The authors have expanded on their 

previous work, refining the modelling framework to produce estimates for administrative level one 

locations in endemic countries for 30 years of the study.  

The previous estimates used a Spatial-Temporal Gaussian Process Regression (ST-GPR) model to 

estimate national level prevalence of AMR in S. Typhi and S. Paratyphi A, utilising a location 

hierarchy to borrow strength from data points in countries deemed to be in similar epidemiological 

regions. Here, using an ST-CAR framework has enabled us to produce estimates at a higher spatial 

resolution, borrowing strength from data points in space based on a neighbourhood matrix of 

administrative units, opposed to imposing a priori assumptions of similar AMR patterns based a 

predefined location hierarchy. Whereas the Murray et al paper only details estimates of AMR for 

2019, here we have produced estimates for 3 decades using an annual first-order random walk 

model to incorporate temporal patterns. Both models used a similar selection of covariates and used 

a stacked ensemble modelling framework in the first instance to incorporate covariates effects. 

Small differences in the covariates used have been implemented to fit models with the best 

predictive performance, and the models presented here use covariates at an administrative level 

one spatial resolution (where available), opposed to national level covariates used in the GBD 

models. 

The expanded modelling framework has produced more detailed, robust estimates for a long period 

of time, greatly improving our understanding of the trends and patterns of AMR in S. Typhi and S. 

Paratyphi A for key antimicrobials. This enables the assessments of the impact of control and 

treatment strategies implemented for enteric fever and provides a benchmark from which to 

measure future change.  
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Supplementary Results 
 

Supplementary Results - in the order as they appear in the manuscript 

 

 

Figure S7. Model estimates for the prevalence of 3GCR in S. Typhi in all endemic countries for 

1990, 2000, 2010 and 2019 at the administrative division level 1 resolution. Results represent the 

mean of 1000 draws of the stacked ensemble plus ST-CAR model. Estimates were not produced for 

countries deemed non-endemic (shown in grey).  

 

Figure S8. Model estimates of the number of MDR and non-MDR S. Paratyphi A infections, and the 

prevalence of MDR by year and GBD super-region. Stacked bar plots show the number of S. 

Paratyphi A infections susceptible to first-line antibiotics (non-MDR, orange) and the number of MDR 

S. Paratyphi A infections (blue) for each year, 1990-2019. The prevalence of MDR S. Paratyphi A 

infections is shown by the solid black line, with uncertainty intervals shown by the black dashed line. 

Estimates are shown for modelled endemic countries by each GBD super-region. 
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Figure S9. Model estimates for the prevalence (percentage) of fluoroquinolone non-susceptibility in 

S. Paratyphi A in all endemic countries for 1990, 2000, 2010 and 2019 at the administrative division 

level 1 resolution. Results represent the mean of 1000 draws of the stacked ensemble plus ST-CAR 

model. Estimates are presented for 18 endemic countries and were not produced for countries 

deemed non-endemic (shown in grey). Fluoroquinolone non-susceptibility was defined as either a MIC 

for ciprofloxacin of ≥0·125μg/mL or nalidixic acid resistance. 

 

 

Figure S10. Model estimates of the number of FQNS and FQ-susceptible S. Paratyphi A infections, 

and the prevalence of FQNS by year and GBD super-region. Stacked bar plots show the number of 

S. Paratyphi A infections susceptible to fluoroquinolones (non-FQNS, orange) and the number of 

FQNS S. Paratyphi A infections (blue) for each year, 1990-2019. The prevalence of FQNS S. Paratyphi 

A infections is shown by the solid black line, with uncertainty intervals shown by the black dashed 

line. Estimates are shown for modelled endemic countries by each GBD super-region. 
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Figure S11. Model estimates for the prevalence of 3GCR in S. Paratyphi A in all endemic countries 

for 1990, 2000, 2010 and 2019 at the administrative division level 1 resolution. Results represent 

the mean of 1000 draws of the stacked ensemble plus ST-CAR model. Estimates were not produced 

for countries deemed non-endemic (shown in grey). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
Browne AJ et al. Estimating the subnational prevalence of antimicrobial resistant Salmonella enterica serovars Typhi and 

Paratyphi A infections in 75 endemic countries, 1990 to 2019: a modelling study (2024) 

 

Supplementary Results - model uncertainty 

 

Figure S12. Prevalence of MDR in S. Typhi, model uncertainty – lower estimate. Modelled 

estimates of the prevalence of MDR in S. Typhi from the stacked ensemble plus ST-CAR model. The 

lower, 2.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-endemic 

countries are shown in grey. 

 

Figure S13. Prevalence of MDR in S. Typhi, model uncertainty – upper estimate. Modelled 

estimates of the prevalence of MDR in S. Typhi from the stacked ensemble plus ST-CAR model. The 

upper, 97.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-endemic 

countries are shown in grey. 
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Figure S14. Prevalence of FQNS in S. Typhi, model uncertainty – lower estimate. Modelled 

estimates of the prevalence of FQNS in S. Typhi from the stacked ensemble plus ST-CAR model. The 

lower, 2.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-endemic 

countries are shown in grey. 

 

Figure S15. Prevalence of FQNS in S. Typhi, model uncertainty – upper estimate. Modelled 

estimates of the prevalence of FQNS in S. Typhi from the stacked ensemble plus ST-CAR model. The 

upper, 97.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-endemic 

countries are shown in grey. 

 



13 
Browne AJ et al. Estimating the subnational prevalence of antimicrobial resistant Salmonella enterica serovars Typhi and 

Paratyphi A infections in 75 endemic countries, 1990 to 2019: a modelling study (2024) 

 

 

Figure S16. Prevalence of 3GCR in S. Typhi, model uncertainty – lower estimate. Modelled 

estimates of the prevalence of 3GCR in S. Typhi from the stacked ensemble plus ST-CAR model. The 

lower, 2.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-endemic 

countries are shown in grey. 

 

Figure S17. Prevalence of 3GCR in S. Typhi, model uncertainty – upper estimate. Modelled 

estimates of the prevalence of 3GCR in S. Typhi from the stacked ensemble plus ST-CAR model. The 

upper, 97.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-endemic 

countries are shown in grey. 
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Figure S18. Prevalence of MDR in S. Paratyphi A, model uncertainty – lower estimate. Modelled 

estimates of the prevalence of MDR in S. Paratyphi A from the stacked ensemble plus ST-CAR model. 

The lower, 2.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-endemic 

countries are shown in grey.  

 

Figure S19. Prevalence of MDR in S. Paratyphi A, model uncertainty – upper estimate. Modelled 

estimates of the prevalence of MDR in S. Paratyphi A from the stacked ensemble plus ST-CAR model. 

The upper, 97.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-

endemic countries are shown in grey. 
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Figure S20.  Prevalence of FQNS in S. Paratyphi A, model uncertainty – lower estimate. Modelled 

estimates of the prevalence of FQNS in S. Paratyphi A from the stacked ensemble plus ST-CAR 

model. The lower, 2.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-

endemic countries are shown in grey. 

 

Figure S21. Prevalence of FQNS in S. Paratyphi A, model uncertainty – upper estimate. Modelled 

estimates of the prevalence of FQNS in S. Paratyphi A from the stacked ensemble plus ST-CAR 

model. The upper, 97.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-

endemic countries are shown in grey.  
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Figure S22. Prevalence of 3GCR in S. Paratyphi A, model uncertainty – lower estimate. Modelled 

estimates of the prevalence of 3GCR in S. Paratyphi from the stacked ensemble plus ST-CAR model. 

The lower, 2.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-endemic 

countries are shown in grey. 

 

Figure S23. Prevalence of 3GCR in S. Paratyphi A, model uncertainty – upper estimate. Modelled 

estimates of the prevalence of 3GCR in S. Paratyphi from the stacked ensemble plus ST-CAR model. 

The upper, 97.5th percentile, estimates are shown for the years 1990, 2000, 2010, 2019. Non-

endemic countries are shown in grey. 
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Drug-Pathogen 
In Sample  Out of Sample (5-fold) 

R² RMSE Coverage (%) R² RMSE Coverage (%) 

MDR Typhi 0·86 0·11 58 0·69 0·17 66 

MDR Paratyphi 0·53 0·06 13 0·17 0·08 20 

FQNS Typhi 0·84 0·16 55 0·78 0·18 64 

FQNS Paratyphi 0·77 0·13 11 0·62 0·19 32 

3GCR Typhi 0·79 0·04 5 0·55 0·06 7 

3GCR Paratyphi 0·02 0·03 3 0·12 0·03 11 

 

Table S1. Model validation statistics. In- and out-of-sample validation metrics of RMSE and R2 for 

each of the six models.  
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Citation Source MDR 

Typhi 
FQNS 
Typhi 

MDR 
Paratyphi 

FQNS 
Paratyphi 

3GCR 
Typhi 

3GCR 
Paratyphi 

Aatekah O, Shazia S, Umber Z, Arjumand R, Zaidi AKM. Incidence of typhoid bacteremia in 
infants and young children in southern coastal Pakistan. Pediatr Infect Dis J 2010; 29(11): 
1035-9. 

Initial 
systematic 
review 

✓ 

   
✓ 

 

Abbas EHE, Albawab IM, Abdallah MZ, Al-Hassan R, Sahool EM, Bener A. Are new antibiotics 
essential in the treatment of Salmonella Typhi enteric fever? A comparison between enteric 
fever due to sensitive and resistant Salmonella in Ras Al-Kaimah, United Arab Emirates. Saudi 
Med J 1997; 18(2): 161-5. 

Extended 
systematic 
review 

✓ 

     

Abdel Wahab MF, el-Gindy IM, Sultan Y, el-Naby HM. Comparative study on different recent 
diagnostic and therapeutic regimens in acute typhoid fever. J Egypt Public Health Assoc 1999; 
74(1-2): 193-205. 

Initial 
systematic 
review 

✓ 

     

Abdul H, Fizza K, Arshad MU. Detection of extended spectrum beta lactamases in typhoidal 
Salmonellae by phenotypic methods. African Journal of Microbiology Research 2014; 8(3): 
313-5. 

Extended 
systematic 
review 

    
✓ ✓ 

Abdullah FE, Faryal H, Kanwal F, Saboohi I, Iqbal MS. Enteric fever in Karachi: current 
antibiotic susceptibility of Salmonellae isolates. J Coll Physicians Surg Pak 2012; 22(3): 147-50. 

Initial 
systematic 
review 

✓ 

 

✓ 

 

✓ ✓ 

Abdullah MA, Adnan Z, Sattar NY. Susceptibility of Salmonella enterica serotype Typhi, to the 
usual line of antimicrobial treatment in Rawalpindi. Pakistan Journal of Public Health 2013; 
3(2): 14-8. 

Initial 
systematic 
review 

✓ 

   
✓ 

 

Abdullahi B, Abdulfatai K, Wartu JR, Mzungu I, Muhammad HID, Abdulsalam AO. Antibiotics 
susceptibility patterns and characterization of clinical Salmonella serotypes in Katsina State, 
Nigeria. African Journal of Microbiology Research 2014; 8(9): 915-21. 

Extended 
systematic 
review 

✓ ✓ ✓ ✓ 

  

Abdullahi B, Olonitola OS, Jatau ED, Usman AD. Serological characterization and antimicrobial 
susceptibility patterns of clinical isolates of Salmonella from patients attending General 
Hospital, Funtua, Nigeria. Bayero Journal of Pure and Applied Sciences 2012; 5(1): 72-7. 

Extended 
systematic 
review 

✓ 
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Abdullahi M, Olonitola SO, Umoh VJ, Inabo IH. Antibacterial resistance profile and PCR 
detection of antibiotic resistance genes in Salmonella serovars isolated from blood samples of 
hospitalized subjects in Kano, North-West, Nigeria. Br Microbiol Res J 2015; 5(3): 245-56. 

Initial 
systematic 
review 

✓ ✓ ✓ ✓ 

  

Abdullahi M. Incidence and antimicrobial susceptibility pattern of Salmonella species in 
children attending some hospitals in Kano Metropolis, Kano State-Nigeria. Bayero Journal of 
Pure and Applied Sciences 2010; 3(1): 202-6. 

Extended 
systematic 
review 

✓ ✓ ✓ ✓ 

  

Abucejo PE, Capeding MR, Lupisan SP, et al. Blood culture confirmed typhoid fever in a 
provincial hospital in the Philippines. Southeast Asian J Trop Med Public Health 2001; 32(3): 
531-6. 

Initial 
systematic 
review 

✓ 

   
✓ 

 

Acharya D, Bhatta DR, Malla S, Dumre SP, Adhikari N, Kandel BP. Salmonella enterica serovar 
Paratyphi A: an emerging cause of febrile illness in Nepal. Nepal Med Coll J 2011; 13(2): 69-73. 

Initial 
systematic 
review 

✓ ✓ ✓ ✓ ✓ ✓ 

Acharya D, Trakulsomboon S, Madhup SK, Korbsrisate S. Antibiotic susceptibility pattern and 
the indicator of decreased ciprofloxacin susceptibility of Salmonella enterica serovar Typhi 
isolated from Dhulikhel Hospital, Nepal. Jpn J Infect Dis 2012; 65(3): 264-7. 

Initial 
systematic 
review 

✓ ✓ 

  
✓ 

 

Acharya G, Butler T, Ho M, et al. Treatment of typhoid fever: randomized trial of a three-day 
course of ceftriaxone versus a fourteen-day course of chloramphenicol. Am J Trop Med Hyg 
1995; 52(2): 162-5. 

Initial 
systematic 
review 

    
✓ ✓ 

Acharya G, Davis T, Ho M, et al. Factors affecting the pharmacokinetics of parenteral 
chloramphenicol in enteric fever. The Journal of antimicrobial chemotherapy, 1997. 
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/216/CN-00142216/frame.html 
(accessed. 

Extended 
systematic 
review 

✓ 

     

Achla P, Grover SS, Bhatia R, Khare S. Sensitivity index of antimicrobial agents as a simple 
solution for multidrug resistance in Salmonella Typhi. Indian J Med Res 2005; 121(3): 185-93. 

Initial 
systematic 
review 

✓ ✓ 

    

Acquah SE, Quaye L, Sagoe K, Ziem JB, Bromberger PI, Amponsem AA. Susceptibility of 
bacterial etiological agents to commonly-used antimicrobial agents in children with sepsis at 
the Tamale Teaching Hospital. BMC Infect Dis 2013; 13: 89. 

Extended 
systematic 
review 

    
✓ 

 

Adeshina GO, Osuagwu NO, Okeke CLE, Ehinmidu JO, Bolaji RO. Prevalence and susceptibility 
of Salmonella Typhi and Salmonella Paratyphi in Zaria, Nigeria. International Journal of Health 
Research 2009; 2(4): 355-60. 

Initial 
systematic 
review 

✓ ✓ ✓ ✓ 
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Adhikari D, Acharya D, Shrestha P, Amatya R. Ciprofloxacin susceptibility of Salmonella enteric 
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International Journal of Infection and Microbiology 2012; 1(1): 9-13. 

Initial 
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review 
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Afia Z, Ibrahim NG, Tanwir A, Zohair A, Zaidi A, Rumina H. Nalidixic acid screening test in 
detection of decreased fluoroquinolone susceptibility in Salmonella Typhi isolated from 
blood. J Coll Physicians Surg Pak 2005; 15(7): 413-7. 

Initial 
systematic 
review 

 
✓ 

    

Afifi S, Earhart K, Azab MA, et al. Hospital-based surveillance for acute febrile illness in Egypt: 
a focus on community-acquired bloodstream infections. Am J Trop Med Hyg 2005; 73(2): 392-
9. 

Initial 
systematic 
review 

✓ 

   
✓ 

 

Afroze SR, Rahim MA, Hasan MM, et al. Pattern of antibiotic sensitivity in enteric fever: A 
tertiary care hospital experience. Journal of Medicine (Bangladesh) 2014; 15(2): 122-4. 

Initial 
systematic 
review 

✓ ✓ ✓ ✓ ✓ ✓ 

Afzal A, Sarwar Y, Ali A, et al. Molecular evaluation of drug resistance in clinical isolates of 
Salmonella enterica serovar Typhi from Pakistan. J Infect Dev Ctries 2013; 7(12): 929-40. 

Initial 
systematic 
review 

✓ ✓ 
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Afzal A, Sarwar Y, Ali A, Haque A. Current status of fluoroquinolone and cephalosporin 
resistance in Salmonella enterica serovar Typhi isolates from Faisalabad, Pakistan. Pak J Med 
Sci 2012; 28(4). 

Extended 
systematic 
review 
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Agada GOA, Abdullahi IO, Aminu M, et al. Prevalence and antibiotic resistance profile of 
Salmonella isolates from commercial poultry and poultry farm-handlers in Jos, Plateau State, 
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4 Specify the inclusion and exclusion criteria. Identify all ad-hoc exclusions. 4 

5 Provide information on all included data sources and their main characteristics. For each data source used, report reference information or contact name/institution, population 

represented, data collection method, year(s) of data collection, sex and age range, diagnostic criteria or measurement method, and sample size, as relevant.  

S5-S47 

6 Identify and describe any categories of input data that have potentially important biases (e.g., based on characteristics listed in item 5). 9 

   For data inputs that contribute to the analysis but were not synthesized as part of the study: 

7 Describe and give sources for any other data inputs.  4 

   For all data inputs: 

8 Provide all data inputs in a file format from which data can be efficiently extracted (e.g., a spreadsheet rather than a PDF), including all relevant meta-data listed in item 5. For 

any data inputs that cannot be shared because of ethical or legal reasons, such as third-party ownership, provide a contact name or the name of the institution that retains the 

right to the data. 

9 

Data analysis 

9 Provide a conceptual overview of the data analysis method. A diagram may be helpful.  S3 

10 Provide a detailed description of all steps of the analysis, including mathematical formulae. This description should cover, as relevant, data cleaning, data pre-processing, data 

adjustments and weighting of data sources, and mathematical or statistical model(s).  

4-5 

11 Describe how candidate models were evaluated and how the final model(s) were selected. 5 

12 Provide the results of an evaluation of model performance, if done, as well as the results of any relevant sensitivity analysis. S17 

13 Describe methods for calculating uncertainty of the estimates. State which sources of uncertainty were, and were not, accounted for in the uncertainty analysis. 5 

14 State how analytic or statistical source code used to generate estimates can be accessed. 5 

Results and Discussion 

15 Provide published estimates in a file format from which data can be efficiently extracted.  

16 Report a quantitative measure of the uncertainty of the estimates (e.g. uncertainty intervals). 6-7 

17 Interpret results in light of existing evidence. If updating a previous set of estimates, describe the reasons for changes in estimates. 7-8 

18 Discuss limitations of the estimates. Include a discussion of any modelling assumptions or data limitations that affect interpretation of the estimates. 8-9 

Table 3: GATHER Checklist: A checklist identifying each point of the Guidelines for Accurate and Transparent Health Estimates Reporting and 

whether they are covered in this study. 
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