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 29 

Abstract  30 

Understanding the dynamics of infection and carriage of typhoid in endemic settings is 31 

critical to finding solutions to prevention and control. In a 3 year case-control study, we 32 

investigated typhoid among children aged <16 years (4,670 febrile cases and 8,549 age 33 

matched controls) living in an informal settlement, Nairobi, Kenya.  148 S. Typhi isolates 34 

from cases and 95 from controls (stool culture) were identified; a carriage frequency of 35 

1%. Whole-genome sequencing showed 97% of cases and 88% of controls were 36 

genotype 4.3.1 (Haplotype58), with the majority of each (76% and 88%) being 37 

multidrug-resistant strains in 3 sublineages of H58 genotype (East Africa 1 (EA1), EA2, 38 

and EA3), with sequences from cases and carriers intermingled. The high rate of 39 

multidrug-resistant H58 S. Typhi, and the close phylogenetic relationships between 40 

carriers and controls, provides evidence for the role of carriers as a reservoir for the 41 

community spread of typhoid in this setting.  42 

 43 

Introduction 44 

Typhoid fever, caused by Salmonella enterica serovar Typhi (S. Typhi) is estimated to 45 

involve ~21.7 million illnesses and 216,000 deaths annually 1,2, with most of these 46 

occurring in lower and middle-income countries. In Africa, overall typhoid is now 47 

estimated to have an average annual pooled incidence rate of 112.1 (95% CI, 46.7–48 

203.5) cases per 100,000 people 3,4 with a case fatality rate (CFR) of 5.4% (2.7-8.9)5. 49 

 50 
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Control of typhoid is impeded by asymptomatic carriage, which historically was 51 

estimated to account for 2-5% of individuals infected 6-8. However, there is a paucity of 52 

recent data on the frequency of carriers in different settings including sub-Saharan 53 

Africa (SSA) as well as the extent to which they contribute to disease transmission 9. A 54 

recent modelling study using data generated in Blantyre, Malawi, identified multidrug 55 

resistant (MDR) S. Typhi and/or the emergence of the lineage known as H58 (genotype 56 

4.3.1) as a primary driver of an increasing number of typhoid fever cases. In this study, 57 

an estimated 45-95% of typhoid transmission was attributed to carriers 10,11. S. Typhi 58 

H58 12 is a globally disseminated clade frequently associated with MDR (defined as 59 

resistance to chloramphenicol, ampicillin and co-trimoxazole) and an increasing 60 

frequency of reduced susceptibility to fluoroquinolones. H58 S. Typhi are rapidly 61 

displacing other lineages in many endemic areas 12-15 and a new subclade that is 62 

extensively drug resistant (XDR), displaying resistance to ciprofloxacin and 63 

fluoroquinolones in addition to MDR, has been described in Pakistan 16. 64 

 65 

Recent reports of epidemics of typhoid fever in SSA suggest that the disease may be 66 

becoming more widespread in the region 1,15,17-20. In Kenya, the rapid growth of 67 

population has led to a huge rural-to-urban migration with people increasingly living in 68 

informal settlements where clean water and good sanitation are a major challenge 21,22. 69 

The incidence of typhoid in one such informal settlement, Kibera in Nairobi, was 70 

estimated at 247 cases per 100,000 with the highest rates in children 5-9 years old (596 71 

per 100,000) 23. For the last two decades the majority of cases of typhoid in Kenya have 72 

been MDR, with reduced susceptibility to fluoroquinolones rising in frequency 14,15,24. 73 
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Previously, we showed that S. Typhi H58 gained a foothold in Kenya in the 1990s, 74 

constituting >75% of the circulating S. Typhi we have characterized since 2001 14. Two 75 

H58 lineages were detected; lineage I being isolated between 1988-2008 and lineage II 76 

from 2004 onwards. We have previously observed carriage rates of 6% in households 77 

where typhoid cases were detected 14,  however these S. Typhi isolates were not 78 

characterized genetically and the role of asymptomatic carriers in transmission 79 

dynamics of typhoid in the community is still poorly understood. Over the past 7 years 80 

we have been intensively studying typhoid and other invasive bacterial diseases in 81 

Mukuru, an informal settlement 15 km east of the city of Nairobi, Kenya. The prevalence 82 

of S. Typhi infections among 16,236 children was 1.4% (CI: 1.2-1.6%), and higher 83 

amongst males (1.8% vs. 1.2% for females), with a high proportion of infections noted 84 

among older children 5-8 years in age25. Risk factors predictive of S. Typhi infection in 85 

Mukuru were multiple but were predominantly associated with contaminated water 86 

sources and sanitation issues 25.  Here, we analysed typhoid cases in Mukuru clinically 87 

and microbiologically, and identified frequent asymptomatic carriage among children 88 

below 16 years of age. By exploiting whole genome sequencing (WGS) and geospatial 89 

mapping we characterised the population structure and transmission dynamics of S. 90 

Typhi in this location.  91 

 92 

Materials and Methods 93 

Study site 94 

Mukuru informal settlement is situated East of Nairobi city, about 15 km from the city 95 

centre. It is one of the largest slums in the city with a population of around 250,000 96 
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people 26. The informal settlement is made up of improvised temporary dwellings often 97 

made from scrap materials, such as corrugated metal sheets, plywood, and polythene-98 

sheets 27. In addition to poverty, a number of factors associated with informal 99 

settlements, including overcrowding, substandard housing, unclean and insufficient 100 

quantities of water, and inadequate sanitation, contribute to a high incidence of 101 

infectious diseases and increased mortality among children under five years 21,28. 102 

Mukuru informal settlement is divided into eight villages; Mukuru Lunga-Lunga, Mukuru 103 

kwa Sinai, Mukuru kwa Ruben, Mukuru kwa Njenga, Mukuru Kayaba, Fuata Nyayo, 104 

Jamaica, and Mukuru North. This study was carried out in two of the large villages, 105 

Mukuru kwa Njenga and Mukuru kwa Ruben, with a combined population of 150,000. 106 

Spatial mapping of the two villages was conducted using the Universal Transverse 107 

Mercator system 29, and patient details collected as described previously 25. 108 

 109 

The two villages in the informal settlement are served by three outpatient clinics: Ruben 110 

Health Centre located in the Ruben village (zone named Simba cool, serves 111 

approximately 30% of the population), Missionaries of Mary Located in Kwa Njenga 112 

village (zone named Vietnam, serves approximately 45% of the population), and County 113 

Government Clinic in Kwa Njenga village (Zone named MCC and serves approximately 114 

25% of the population). The fourth site, Mbagathi District Hospital, is located on the 115 

western side of Nairobi city, 5 km from city centre and was used as a referral facility. 116 

Participants living outside of the mapped demographic surveillance site (DSS) who 117 

came to seek medical services in any of the three study site health facilities or at 118 
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Mbagathi District Hospital were included for the purpose of tracking typhoid cases and 119 

carriers treated at the facilities, but are reported separately in the results section.  120 

 121 

Recruitment of clinical typhoid fever cases and asymptomatic typhoid carriers 122 

Typhoid fever cases and asymptomatic carriers presented in this study were identified 123 

and recruited as part of a larger study on surveillance and genomics of invasive 124 

Salmonella disease in children and young adults less than 16 years of age 25,30. 125 

Children presenting as outpatients at the three study clinics and Mbagathi District 126 

Hospital between August 2013 and November 2016 were triaged to identify those with 127 

fever, headache and/or diarrhoea for recruitment into the study as potential cases. 128 

Patients with current fever (≥38°C) and reportedly febrile for ≥3 days were considered 129 

potential typhoid cases and assessed via blood culture. The primary typhoid case 130 

definition (data presented in Table 1) was children aged 0-16 years with ≥3 days fever 131 

≥38°C and positive blood or stool culture for S. Typhi (see bacterial culture methods 132 

below).  133 

 134 

During the study period, age-matched controls were recruited from children without 135 

current fever or diarrhoea attending the same health facilities for healthy mother and 136 

child clinics (e.g. for vaccination and nutritional advice). Those with S. Typhi positive 137 

stool culture were designated as asymptomatic typhoid carriers as described previously 138 

25. Hence, the inclusion criteria for asymptomatic typhoid carriers (data presented in 139 

Table 1) were children aged 0-16 years with no diarrhoea, no current fever, and no 140 

recent fever history, with stool culture positive for S. Typhi (see bacterial culture 141 
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methods below). The total number of participants was computed on the basis of a 4% 142 

prevalence rate of typhoid from previous study14 . (A structured questionnaire was used 143 

to collect demographic data for both cases and controls recruited into the study as 144 

described previously 25. 145 

 146 

All isolates cultured from participants and identified as Salmonella were archived and 147 

later revived for WGS as detailed below. The sequence data revealed some mis-148 

identification of Salmonella serotypes (Fig. 1 and Table S1), hence for genomic 149 

analyses we included all cases and controls whose cultures were found to be S. Typhi 150 

positive by WGS rather than those identified as S. Typhi positive by serotype in the 151 

microbiology laboratory. 152 

 153 

Bacterial culture 154 

For blood culture, 1-3 mL for children <5 years of age and 5-10 mL for those 5-16 years 155 

of age was collected in a syringe, placed into Bactec media bottles (Becton-Dickinson, 156 

New Jersey, USA), incubated at 37oC in a computerized BACTEC™ 9050 Blood 157 

Culture System (Becton-Dickinson), and subcultured after 24-48 h onto blood, chocolate 158 

and MacConkey agar (Oxoid, Basingstoke, UK) plates. For stool culture, rectal swabs or 159 

stool samples were obtained from each potential carrier and cultured on selenite F 160 

(Oxoid) broth aerobically at 37oC overnight. Broth cultures were then subcultured on 161 

MacConkey agar and Salmonella-Shigella agar (Oxoid) and incubated at 37oC 162 

overnight. Blood and stool isolates were identified using a series of standard 163 

biochemical and serological tests as described previously 25. 164 
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 165 

Antimicrobial susceptibility testing 166 

Antimicrobial susceptibility testing was performed using the disk diffusion technique for 167 

ampicillin 10 µg, tetracycline 30 µg, co-trimoxazole 25 µg, chloramphenicol 30 µg, 168 

cefpodoxime 30 µg, ceftazidime 30 µg, ceftriaxone 30 µg, cefotaxime 30 µg, 169 

ciprofloxacin 5 µg and nalidixic acid 10 µg as described previously 25. Results were 170 

interpreted according to the 2017 guidelines provided by the Clinical and Laboratory 171 

Standards Institute (CLSI) 31.  172 

 173 

Whole genome sequencing 174 

All Salmonella isolated from cases and controls were subcultured at the end of the 175 

study for DNA extraction and WGS. These included 243 cultures identified as S. Typhi 176 

from cases (85 from blood and 63 from stool) and 95 from controls (all from stool) (see 177 

Fig. 1 and Table S1), which are the subject of this study (non-typhoidal Salmonella data 178 

is reported elsewhere 30). Twelve S. Typhi case isolates and 10 control isolates could 179 

not be revived and were not further analysed. DNA was extracted using the Wizard 180 

Genomic DNA Extraction Kit (Promega, Wisconsin, USA) and shipped on ice to the 181 

Wellcome Sanger Institute for sequencing using the Illumina platform as described 182 

previously 15. A total of 217 S. Typhi DNA samples were successfully sequenced (two 183 

were of insufficient quality to construct sequencing libraries, or failed sequencing). Non-184 

S. Typhi bacterial DNA sequences were detected in 75 samples (34.6%; organisms 185 

detected are shown in Table S1), and 11 sequences originally identified as other 186 

Salmonella serotypes were later found to be S. Typhi with genomic data. Two 187 
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sequences showed the presence of S. Typhi, but at low depth, and were subsequently 188 

omitted from further genomic analyses, leaving genome data for 153 S. Typhi isolates 189 

for further analysis. 190 

 191 

Fig. 1. Flow chart of samples collected and analysed. Red boxes indicate bacterial 192 

isolates that could not be included in downstream genetic analyses, grouped by reason 193 

for exclusion. 194 

 195 

 196 

Phylogenetic and SNP analysis of S. Typhi isolates 197 

For SNP analysis, paired-end reads from 153 S. Typhi isolates were mapped to the 198 

reference sequence of S. Typhi CT18 (accession number: AL513382) 32 using the 199 

RedDog mapping pipeline (v1beta.10.3), available at http://githib.com/katholt/reddog 200 

and detailed in supplementary methods. Read alignments were used to assign 201 

isolates to previously defined lineages according to the extended genotyping framework 202 
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33,34 with the GenoTyphi pipeline (available at http://github.com/katholt/genotyphi). 203 

Unique SNPs defining three novel lineages were identified from the genome-wide SNP 204 

allele table and added to the GenoTyphi scheme to facilitate easy identification of these 205 

lineages in future studies (details in supplementary methods and results). 206 

 207 

Phylogenetic analyses were restricted to WGS-confirmed pure cultures of S. Typhi H58 208 

(genotype 4.3.1, n=128). For some analyses, an additional 1,076 S. Typhi H58 209 

genomes from previously published WGS studies of global and African isolates 12,15,33,35 210 

were also included for context, along with 61 non-H58 genomes for phylogenetic 211 

outgroup rooting, using the same mapping approach detailed above (see Table S2 for 212 

full list of genomes analysed and their public data accessions). SNPs called in phage 213 

regions or repetitive sequences were filtered from the alignment (details in 214 

supplementary methods), and any further recombinant regions identified and removed 215 

with Gubbins (v2.3.2) 36. This resulted in a final set of 8,635 SNPs. From this global 216 

alignment we extracted a separate SNP alignment for the set of 239 Kenyan S. Typhi 217 

4.3.1 genomes (n=128 from this study and n=111 from published studies, see Table S3 218 

15,33), the resulting alignment of length 489 SNPs was used for temporal analyses 219 

(described below and in supplementary methods). 220 

Maximum likelihood (ML) phylogenetic trees were inferred from SNP alignments using 221 

RAxML (v8.2.9) 37 (as detailed in supplementary methods) and the resulting trees 222 

were visualized using Microreact (interactive global H58 phylogeny available at: 223 

https://microreact.org/project/wViqmaRdZuFVEb6yk4i1jU) 38. 224 

 225 
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Pairwise SNP distances were calculated from the SNP alignment using the dist.dna() 226 

function in the R package ape (v5.4.1) 39. Terminal branch lengths were extracted from 227 

phylogenies using R package ggtree (v2.2.4) 40. Non-synonymous mutations occurring 228 

in terminal branches were detected using SNPPar (v0.4.2dev) 41 and grouped by 229 

function based on the gene in which they were found, according to the functional 230 

classification scheme in the genome annotation of S. Typhi CT18 8,32. 231 

 232 

Phylodynamic analysis  233 

To investigate temporal signal and date the introduction of S. Typhi H58 into Kenya 234 

based on the 239 available Kenyan genomes (n=128 from this study, and n=111 from 235 

previous studies 15,33), we used several methods. First, we used TempEst (v1.5.1) 42 to 236 

assess temporal structure (i.e. clock-like evolution) by conducting a regression analysis 237 

of the root-to-tip branch distances of the ML tree as a function of sampling date, and 238 

later a date-randomisation test (full details of temporal signal assessment and model 239 

selection are provided in supplementary methods). To estimate divergence dates for 240 

the three S. Typhi H58 sublineages we detected in Kenya (EA1-3), we used BEAST 241 

(v1.10) 43 to fit a phylodynamic model to the SNP alignment and isolation dates as 242 

described in supplementary methods. The resultant MCC tree was visualized using 243 

ggtree (v2.2.4) 40 and Microreact 38 (interactive phylogeny available at: 244 

https://microreact.org/project/I2KUoasUB). 245 

Genomic determinants of antimicrobial resistance 246 

The read mapping-based allele typer SRST2 (v0.2.0) 44 was used to detect the 247 

presence of plasmid replicons (PlasmidFinder database 45) and antimicrobial resistance 248 
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(AMR) genes (ARGannot database 46). Where AMR genes were observed without 249 

evidence of a known AMR plasmid, raw read data was assembled using Unicycler 250 

(v0.4.7) 47 and then examined using Bandage (v0.8.1) 48 to confirm the chromosomal 251 

location and composition of AMR-associated transposons. ISMapper (v2.0) 49 was also 252 

used to identify the location of IS1 insertion sequences in the S. Typhi chromosome as 253 

described in supplementary methods. Point mutations located within the quinolone 254 

resistance determining region (QRDR) of genes gyrA, gyrB, and parC associated with 255 

reduced susceptibility to fluoroquinolones 35 were detected using GenoTyphi 33,34 as 256 

detailed in supplementary methods.  257 

 258 

Statistical and spatial analysis 259 

All statistical analyses unless otherwise stated were carried out using R (v4.0.2). Details 260 

of specific functions within R packages used for individual analyses are available in 261 

supplementary methods. 262 

 263 

Nucleotide sequence and read data accession numbers 264 

Raw Illumina sequence reads have been submitted to the European Nucleotide Archive 265 

(ENA) under accession PRJEB19289. Individual sequence accession numbers are 266 

listed in Table S1. 267 

 268 

Ethical Considerations 269 

The study was approved by the Scientific and Ethics Review Unit (SERU) of the Kenya 270 

Medical Research Institute (KEMRI) (Scientific Steering Committee No. 2076). All 271 
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parents and/or guardians of participating children were informed of the study objectives 272 

and voluntary written consent was sought and obtained before inclusion. A copy of the 273 

signed consent was filed and stored in password protected cabinets at KEMRI.  274 

 275 

Results 276 

Detection of S. Typhi cases and asymptomatic carriers 277 

From August 2013-November 2016, a total of 4,670 febrile children were recruited 278 

across the four study sites and subjected to blood and/or stool culture. S. Typhi was 279 

identified in cultures from 148 children (3.2%); the annual rate was steady over the 280 

study period but significantly higher amongst males (4.0% vs 2.3%, p=0.0008, see 281 

Table 1). The odds of S. Typhi positive culture increased significantly with age (OR 282 

1.08, p=0.0005) but the effect was restricted to males (see Table 1), amongst whom the 283 

isolation rate was 1.3% in those ≤1 year, 2.0% in those aged 1-7 years, and 3.4% in 284 

those >7 years old (compared with 0.95%, 1.1% and 0.94%, respectively amongst 285 

females). A total of 8,549 age-matched control participants (with no current diarrhoea 286 

and no recent fever history) were recruited and subjected to stool culture. S. Typhi was 287 

identified in cultures from n=95 (1.1%); these are considered asymptomatic carriers. S. 288 

Typhi culture positivity amongst controls was not significantly associated with age or sex 289 

and was stable over the study period (see Table 1 and Table S4). No significant 290 

statistical association was found between phenotypic or genotypic AMR patterns and 291 

case/control status, age, or sex. 292 

 293 

Table 1. Culture positive typhoid cases and asymptomatic carriers 294 
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 295 

Note the values reported for logistic regressions are from multivariate models including all indicated 296 
covariates, fit separately for cases and controls. 297 
 298 

 299 

Global population structure and antimicrobial resistance profiles of Kenyan S. 300 

Typhi 301 

The presence of S. Typhi was confirmed by WGS in 94 cases (64%) and 50 controls 302 

(53%) that were originally identified as S. Typhi via microbiological culture (Fig. 1, Table 303 

S1). S. Typhi genotype 4.3.1 (H58) was dominant throughout the study (n=145, 95%), 304 

amongst both cases and controls (Table 2). Five other genotypes were detected: 2.2.2 305 

(n=1), 2.5.0 (n=3), 3.0.0 (n=3), and 4.1.1 (n=1), see Table 2. 306 

 307 

Table 2. Genotypes and AMR profiles for 153 sequenced S. Typhi isolates 308 

Genotype Cases Controls MDR GyrA mutation GyrB 

 Cases Controls 

Participants tested, N 4,670 8,549 

  Male, N (%) 2,497 (53.5%) 4,260 (49.8%) 

  Female, N (%) 2,173 (46.5%) 4,289 (50.2%) 

S. Typhi culture positive, N (%) 148 (3.2%) 95 (1.1%) 

  Male, N (%)   99 (4.0%) 49 (1.15%) 

  Female, N (%)   49 (2.3%) 46 (1.1%) 

WGS confirmed S. Typhi, N (%) 100 (2.1%) 55 (0.64%) 

Logistic regression for S. Typhi culture positive 

  Year of isolation, OR (p-value) 1.19 (0.072) 0.94 (0.586) 

  Male Sex, OR (p-value) 1.81 (0.0008*) 1.08 (0.699) 

  Age in years, OR (p-value) 1.08 (0.0005*) 1.02 (0.403) 

Logistic regression for S. Typhi culture positive, males only 

  Year of isolation, OR (p-value) 1.19 (0.147) 1.09 (0.576) 

  Age in years, OR (p-value) 1.11 (0.0001*) 1.06 (0.082) 

Logistic regression for S. Typhi culture positive, females only 

  Year of isolation, OR (p-value) 1.19 (0.296) 0.81 (0.158) 

  Age in years, OR (p-value) 1.03 (0.551) 0.98 (0.534) 
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mutation 

Plasmid Chromosome S83F S83Y D87G S464F 

All 99 54 83 33 3 17 2 75 

2.2.2 0 1 (1.9%) 0 0 0 0 0 0 

2.5.0 1 (1.0%) 2 (3.7%) 0 0 0 0 0 0 

3.0.0 2 (2.0%) 1 (1.9%) 0 0 0 0 0 0 

4.1.1 0 1 (1.9%) 0 0 0 0 0 0 

4.3.1 (H58) 96 (97%) 49 (91%) 83 (57%) 33 (23%) 
4 

(2.8%) 
19 

(13%) 
2 

(1.4%) 
75 

(51.7%) 

H58 subgroups  

EA1 (L1) 35 (35%) 20 (37%) 29 (53%) 17 (31%) 
4 

(7.3%) 
2 

(3.6%) 
2 

(3.6%) 
2 

(3.6%) 

EA2 (L2) 46 (46%) 27 (50%) 54 (74%) 0 0 0 0 
73 

(100%) 

EA3 (L2) 15 (15%) 2 (3.7%) 0 16 (94%) 0 
17 

(100%) 
0 0 

Percentages indicate genotype frequencies amongst cases or controls (first two columns); or frequency of 309 
antimicrobial resistance determinants amongst isolates of a given genotype (remaining columns). MDR, 310 
multi-drug resistant; L1, lineage I; L2, lineage II. 311 
 312 
 313 
 314 
The few non-H58 isolates (Table 2) lacked any known AMR determinants. In contrast, 315 

the majority of H58 isolates were MDR (n=116, 80%), often carrying acquired genes 316 

conferring resistance to ampicillin (blaTEM-1), chloramphenicol (catA1), co-trimoxazole 317 

(dfrA7 plus sul1 and/or sul2) and streptomycin (strAB). In 33 genomes (23% of H58), 318 

these genes were carried by a Tn2670-like complex transposable element inserted in 319 

the chromosome as reported previously in the region 12,13,15. The remaining 83 MDR 320 

genomes (57% of H58) carried a closely related Tn2670-like transposon located within 321 

an IncHI1 plasmid, which in all but one isolate also carried an additional tetracycline 322 

resistance gene (tetB). The IncHI1 plasmids were genotyped as plasmid sequence type 323 

6 (PST6), which is associated with MDR H58 in East Africa and South Asia 12,15,50. 324 

Thus, the observed AMR phenotypes (n=128 H58 and n=8 non-H58 genome 325 

sequences) corresponded to the presence of known molecular determinants of AMR. 326 

Estimates of sensitivity and specificity of AMR genotyping are presented in Table S5 327 
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and supplementary results. No statistical association was observed between the 328 

presence of MDR genes or QRDR mutations shown in Table 2 and case/control status, 329 

age, or sex. 330 

 331 

Local subpopulations of S. Typhi H58 332 

S. Typhi H58 (genotype 4.3.1) can be subdivided into lineages I (genotype 4.3.1.1) and 333 

II (genotype 4.3.1.2). Lineage II was more common in this setting than lineage I: n=90 334 

(62.1% of H58) vs n=55 (37.9%). Examination of the global phylogeny (Fig. 2, and 335 

online interactive version https://microreact.org/project/wViqmaRdZuFVEb6yk4i1jU) 336 

revealed all H58 lineage I isolates from this study shared a most recent common 337 

ancestor (mrca) whose descendants form a monophyletic clade that exclusively 338 

comprised S. Typhi from East African countries (see Fig. 2), here defined as H58 339 

sublineage EA1 (East Africa 1) with genotype designation 4.3.1.1.EA1 (labelled in Fig. 340 

2). 341 

 342 

S. Typhi H58 lineage II (genotype 4.3.1.2) isolates from our study belonged to two 343 

distinct clades of the global phylogeny (Fig. 2), which were each exclusively populated 344 

by East African isolates. The largest of these clades (n=80 isolates, of which 81.3% 345 

derive from the current study) formed a monophyletic group nested within a deeper 346 

clade of diverse South Asian isolates (see Fig. 2), and corresponds to the previously 347 

reported introduction of H58 lineage II into Kenya from South Asia 12. This lineage, here 348 

defined as H58 sublineage EA2 (East Africa 2) is designated genotype 4.3.1.2.EA2 349 

(labelled in Fig. 2). The smaller East African H58 lineage II clade (n=43 isolates) is 350 
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designated genotype 4.3.1.2.EA3 (labelled in Fig. 2) and comprised two sister clades, 351 

separated by ≥13 SNPs: one involving isolates from Kenya (n=13, all from this study) 352 

and the other isolates from Uganda (n=30), which accounted for 100% of the typhoid 353 

burden at the Ugandan site where they were identified (see Fig. 2). All three East 354 

African H58 genotypes have been added to the GenoTyphi scheme using unique 355 

marker SNPs and further details on these are provided in supplementary results. 356 

 357 

The three East African H58 subgroups circulating in our setting all had high rates of 358 

MDR (84%, 74% and 94%, respectively); however, in EA2, MDR was exclusively 359 

associated with the PST6-IncHI1 plasmid, and in EA3 exclusively with the chromosomal 360 

insertion (see Table 2, Fig. 2 and supplementary results). In EA1, most MDR was 361 

associated with the PST6-IncHI1 plasmid. However, a subclade of isolates (associated 362 

with spread to Tanzania and Malawi) carried the chromosomal insertion instead (see 363 

Table 2, Fig. 2, supplementary methods).  364 

 365 
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 366 
 367 

Fig. 2. Global population structure of H58 (4.3.1) S. Typhi showing Kenyan 368 

isolates cluster into three East African clades. Whole genome phylogeny of 1,204 369 

H58 isolates, including all available Kenyan genomes (n=128 from this study, n=111 370 

from prior studies) and globally distributed genomes for context (n=965, see Methods). 371 

Branch lengths are in substitutions per core-genome site, branches are coloured to 372 

indicate geographical origin (see inset legend), shaded boxes highlight the three East 373 

African H58 clades defined in this study. Colour bars to the right indicate (as per inset 374 

legend): 1, Kenyan strains isolated and sequenced during this study; 2, geographical 375 

location; 3, mutation(s) in the quinolone resistance determining region (QRDR) of genes 376 

gyrA, gyrB, and parC; 4, presence of multidrug resistance (MDR) IncHI1 plasmid; 5, 377 

presence of MDR genes; 6, H58 lineage. Interactive version available at 378 

https://microreact.org/project/wViqmaRdZuFVEb6yk4i1jU. 379 
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Distribution of S. Typhi genotypes amongst individuals 380 

No statistically significant differences in genotype distribution were observed between 381 

cases and controls (p=0.077, using Chi-squared test, data in Table 2), or between 382 

males and females (p=0.37, using Chi-squared test, data in Table S6), consistent with 383 

symptomatic and asymptomatic infections being drawn from the same general 384 

circulating pool of pathogens. The distribution of genotypes amongst cases varied by 385 

age group (p=0.01, using Chi-square test), with the frequency of EA1 declining with age 386 

and the overall diversity increasing with age (Table 3). No significant differences in age 387 

groups was evident amongst controls (p=0.9 using Chi-square test, see Table 3). 388 

 389 

Table 3. S. Typhi genotypes associated with n=153 cases and controls among 390 

different age groups 391 

 Age group 

 ≤1 year 1-7 years >7 years 

WGS-confirmed cases 7 66 26 

  EA1 5 (71%) 24 (36%) 6 (23%) 

  EA2 1 (14%) 34 (52%) 11 (42%) 

  EA3 0 8 (12%) 7 (27%) 

  non-H58 1 (14%) 0 2 (78%) 

Shannon diversity 0.80 0.97 1.25 

WGS-confirmed 
carriers 

4 30 20 

  EA1 1 (25%) 10 (33%) 9 (45%) 

  EA2 3 (75%) 16 (53%) 8 (40%) 

  EA3 0 1 (3%) 1 (5%) 

  non-H58 0 3 (10%) 2 (10%) 

Shannon diversity 0.56 1.05 1.11 

 392 

 393 

 394 
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Spatiotemporal distribution of S. Typhi cases and carriers 395 

We examined the spatial and temporal distribution of all S. Typhi isolates collected at 396 

the study clinics (see methods; Fig. S1 and Table S7), and the subset of 96 S. Typhi 397 

from cases and 67 from carriers living within the demographic surveillance site (DSS) 398 

(Fig. 3 and Table 4). A number of peaks in monthly S. Typhi case and carrier numbers 399 

are apparent in both cohorts (Fig. 3 and Fig. S1), with fewer cases and carriers 400 

observed in warmer months. Carrier counts remained relatively consistent throughout 401 

the study period. We tested for association between case or carrier peaks (>2 positives 402 

per month) and high rainfall or temperature in the same month, previous month, or two 403 

months prior to the month of observation (Table 4, and Table S7). For those S. Typhi 404 

from within the DSS, high temperatures were associated with lower case and carrier 405 

counts in the same month, and in the subsequent month (p<0.05, using Fisher’s exact 406 

test), however no associations between high rainfall and elevated case or carrier counts 407 

was observed. 408 

 409 

GPS coordinates were available for n=139 (55%) S. Typhi isolates, and we 410 

endeavoured to look for geographic hotspots suggestive of major point-source single-411 

genotype outbreaks in the informal settlement. However, our data revealed that the 412 

three H58 genotypes and non-H58 genotypes were co-circulating throughout the study 413 

area, with no evidence of geographic restriction of specific genotypes (see Fig. S2). 414 

Further, we did not observe any spatially linked phylogenetic clusters of closely related 415 

sequences. 416 

 417 
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Table 4. Climatic predictors of elevated case and control counts inside the DSS 418 
Typhoid Cases 

Month Same month Previous month 2 months prior 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Rainfall 
(precipitation)  
> 75 mm 

0.21 (0.019-1.2) 0.079 1.4 (0.26-6.9) 0.73 3.7 (0.73-22.3) 0.08 

Minimum 
temperature  
>14°C 

0.21 (0.041-0.95) 0.025* 0.61 (0.14-2.6) 0.52 2.2 (0.49-10.5) 0.33 

Maximum 
temperature  
>26°C 

0.85 (0.20-3.6) 1 0.37 (0.080-1.6) 0.20 0.67 (0.15-2.80) 0.75 

Asymptomatic Controls 

Month Same month Previous month 2 months prior 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Rainfall 
(precipitation)  
> 75 mm 

1.2 (0.21-6.5) 1 0.43 (0.038-2.7) 0.45 0.43 (0.038-2.7) 0.45 

Minimum 
temperature  
>14°C 

0.12 (0.016-0.64) 0.005* 0.41 (0.078-1.9) 0.30 0.65 (0.13-3.2) 0.73 

Maximum 
temperature  
>26°C 

0.10 (0.0090-0.61) 0.005* 0.19 (0.027-1.0) 0.04* 0.63 (0.12-3.0) 0.73 

Values in cells are odds ratios and p-values for Fisher’s exact test between high case or control count (>2 419 
per month) and high rainfall/temperature. * highlights p-values <0.05. 420 
 421 

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 10, 2021. ; https://doi.org/10.1101/2021.03.10.434750doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.10.434750
http://creativecommons.org/licenses/by/4.0/


22 

 

 422 
 423 

Figure 3. Epidemic curve of all S. Typhi cases and controls per month inside the 424 

DSS. (A) Monthly distribution of S. Typhi genotypes from cases. (B) Monthly distribution 425 

of S. Typhi genotypes from carriers. Note that the counts include all participants who 426 

were culture-positive for S. Typhi and also those who were culture-positive for other 427 

Salmonella but identified later by WGS as S. Typhi. (C) Weather conditions throughout 428 

the study period. Blue dashed line indicates precipitation level per month (rainfall), 429 

shaded orange polygon indicates the temperature range, red circle indicates threshold 430 

for high minimum temperature for statistical testing, black circle indicates threshold for 431 

high maximum temperature for statistical testing, blue triangle indicates threshold for 432 

high rainfall for statistical testing. 433 

 434 
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Evolutionary history of S. Typhi cases and controls 435 

We applied Bayesian phylodynamic analysis to all available Kenyan H58 genomes to 436 

estimate the dates of emergence of each of the East African lineages. The data showed 437 

temporal structure (see methods and Fig. S3), and we estimated a genome-wide 438 

substitution rate of 0.8 SNPs per genome per year (95% HPD, 0.1-1.0). This translates 439 

to a rate of 1.9x10-7 genome-wide substitutions per site per year (95% HPD = 1.5x10-7-440 

2.2x10-7). The novel EA1 isolates from this study (accounting for 35% of cases and 37% 441 

of controls) were intermingled with those sequenced previously from Kenya and were 442 

genetically diverse (median pairwise distance ~16 SNPs, interquartile range 12-27). 443 

This is indicative of a well-established EA1 S. Typhi population in Nairobi for which we 444 

estimate the mrca existed circa 1990 (95% HPD, 1981-1999) (see Fig. 4a). The most 445 

common lineage was EA2 (48%), which also showed extensive diversity and we 446 

estimate emerged circa 1988-1990 (95% HPD, 1978-1997) (see Fig. 4a), earlier than 447 

the first recorded H58 Lineage II isolation in Kenya in 2004 14. We estimate the MDR 448 

fluoroquinolone non-susceptible lineage EA3, which accounts for just 11% of isolates, 449 

arrived much more recently (Kenyan mrca circa 2012, 95% HPD 2009-2014) (see Fig. 450 

4a). The topology of the global H58 tree (Fig. 2) supports South Asia as the most likely 451 

origin for EA3, with EA3 strains spreading between Kenya and Uganda, probably 452 

through the shared transport systems.  453 

 454 

The Bayesian tree of Kenyan H58 isolates (Fig. 4a) shows intermingling of sequences 455 

from acute cases and asymptomatic carriers. Sequences from carriers appeared more 456 

deeply branched than those of cases (Fig. 4a), which we tested by comparing the 457 
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terminal branch lengths (estimated in units of time in the Bayesian phylogeny) and 458 

isolate-specific SNP counts, for high-quality H58 sequences from acute cases (n=85) vs 459 

those of asymptomatic carriers (n=43) (Fig. 4b). The mean values were higher for 460 

carriers vs cases (Fig. 4b-c), with the trend being more pronounced among samples 461 

from within the DSS (see Fig. S4), but these trends were not statistically significant 462 

(p=0.42 for unique SNPs and p=0.57 for terminal branches for all samples, using one-463 

sided Wilcoxon rank sum test; p=0.051 for unique SNPs and p=0.58 for terminal 464 

branches in DSS). The mean number of non-synonymous (NS) mutations detected in 465 

terminal branches was greater for carrier isolates than those from cases, but again this 466 

difference was not statistically significant (0.72 vs 0.54 for all sequences, p=0.53 using 467 

Wilcox rank sum test; 0.81 vs. 0.39, p=0.20 inside the DSS; see Fig. 4d and Fig. S4). 468 

There was also no significant difference in terminal branch lengths or unique SNP 469 

counts between genomes carrying vs lacking MDR genes or QRDR mutations (data not 470 

shown). 471 

 472 

Examination of the location of terminal-branch NS mutations revealed that certain 473 

functional categories of genes carried more NS mutations arising on terminal branches 474 

associated with carriage samples vs those from acute cases (Fig. 5, Fig. S5, and Table 475 

S8). Notably, carriage samples were associated with significantly higher frequencies of 476 

terminal-branch NS mutations in genes responsible for the synthesis of surface 477 

polysaccharides and antigens (9.3% of carriers vs 1.2% of acute cases, p=0.043, 478 

Fisher’s exact test). Notably, in the viaB operon (responsible for Vi capsule 479 

biosynthesis) we identified n=2/43 carriage isolates that harboured NS mutations (tviD-480 
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R159C and tviE-P263S) compared with only n=1/85 case isolate (tviB-V1M); and in the 481 

wba cluster genes (responsible for O-antigen biosynthesis) we identified n=2/43 482 

carriage isolates that harboured NS mutations (wza-V137G and wzxC-L26F) whilst 483 

none were detected among case samples (Table S8). Non-significant excesses of 484 

mutations in carriage isolates were also observed for pathogenicity-island related 485 

functions and for periplasmic and exported lipoproteins (Fig 5).  486 

 487 

 488 

Fig. 4. Temporal distribution of genotypes and among cases and carriers. (A) 489 

Dated maximum-clade credibility phylogenetic tree of Kenyan S. Typhi genotype 4.3.1 490 

(H58), including 128 isolated from this study. Tip colours & first colour bar indicate 491 

symptom status, second colour bar indicates those isolates from children living in the 492 

defined survey area. Black triangles demarcate nodes of interest, and the 493 

accompanying bars indicate 95% HPD of node heights. Interactive phylogeny available 494 

at https://microreact.org/project/I2KUoasUB. (B) Distribution of terminal branch lengths 495 

for all sequences, extracted from the Bayesian tree shown in (A). (C) Distribution of 496 

isolate-specific SNPs detected in sequences from all cases and controls. (D) 497 

Distribution of terminal non-synonymous mutations detected in sequences from all 498 
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cases and controls. In the boxplots in panels B, C, and D, black bars indicate median 499 

values, boxes indicate interquartile range. Cases and carrier samples indicated as per 500 

the inset legend. 501 

 502 

 503 

 504 
 505 

 506 

Fig. 5. Frequency of terminal non-synonymous mutations in difference gene 507 

functional categories among cases and carriers. Frequency of terminal non-508 

synonymous mutations in all sequences. Red bars indicate the frequency non-509 

synonymous mutations found in acute case samples, and blue bars indicate the 510 

frequency of mutations found in carrier samples. 511 
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Discussion 512 

In this case-control typhoid surveillance study, we observed an asymptomatic S. Typhi 513 

carriage rate of 1.1% among children aged 16 years and under from an informal 514 

settlement with endemic Water, Sanitation, and Hygiene (WaSH) related enteric 515 

diseases 25,30,51. To our knowledge, there has not been systematic surveillance for 516 

typhoid carriage in communities in Africa, but globally carriage and shedding of S. Typhi 517 

has mostly been associated with older age groups 6,52,53. Our data highlights a role for 518 

paediatric carriage, revealing a lower percentage of carriers amongst infants ≤1 year of 519 

age (0.62%), increasing to 1.2% in children between 7 and 16 years (Table S4). Thus, 520 

carriage and shedding, especially among school age children, is likely an important 521 

factor in the onward transmission of  typhoid in this setting 25. Symptomatic typhoid 522 

fever is common in school age children, with a case culture positive rate of 4.3% among 523 

febrile children 7 to 16 years of age, though our data shows that there is also a 524 

substantial burden among younger children 1 to 7 years of age, and infants up to 1 year 525 

of age, with culture positive rates among febrile participants of 3.1% and 2.2%, 526 

respectively (Table S4).  527 

 528 

We previously noted a dominance of MDR H58 S. Typhi over the last decade, 529 

essentially replacing the antimicrobial susceptible genotypes that dominated in the 530 

1980-1990s 54. The S. Typhi circulating in the informal settlement in the present study 531 

are largely comprised of descendants of the previously observed H58 sublineages 532 

4.3.1.EA1 (36%) and 4.3.1.2.EA2 (48%) 12,15. Both EA1 and EA2 appear to be long 533 

established genotypes, with the mrca of EA1 existing circa 1990 (95% HPD, 1981-1999) 534 
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(see Fig. 4a), consistent with the earliest recorded detection of H58 Lineage I in Kenya 535 

in 1988 14. Similarly we predict that the mrca of EA2 existed circa 1988-1990 (95% 536 

HPD, 1978-1997) (see Fig. 4a), earlier than the first recorded H58 Lineage II isolation in 537 

Kenya in 2004 14. Our data thus support contemporaneous imports of EA1 and EA2 in 538 

the late 1980s or early 1990s, shortly after the emergence of H58 in South Asia 12 (circa 539 

1982, 95% HPD 1974-1990), and show that both lineages have persisted and 540 

diversified locally alongside one another in the intervening decades. H58 sublineage 541 

EA3 was introduced later (we estimate that the Kenyan mrca existed circa ~2012 (95% 542 

HPD 2009 to 2014)), and consistent with this the lineage displays less diversity and 543 

accounts for a smaller fraction of cases and controls (11%).  The topology of our global 544 

phylogeny (Fig. 2) suggests that South Asia is the most likely origin of EA3 (as it is for 545 

EA1 and EA2), and that EA3 appears to have spread between Uganda and Kenya. This 546 

in line with multiple reports 13,15 of H58 strains spreading through East Africa, mainly 547 

arising from intracontinental and transcontinental travel and concomitant risk factors 548 

associated with WASH conditions. 549 

 550 

The sublineages of S. Typhi H58 in Kenya exhibit different antibiotic resistance profiles 551 

(Fig. 2, Table 2). Notably, EA1 has a large Kenyan sublineage of MDR strains with 552 

IncHI1 plasmids 12,15 (which are commonly associated with outbreaks in East Africa and 553 

Asia 12,15,50) but also a Kenyan sublineage with chromosomally integrated MDR. 554 

Chromosomal integration of MDR has not previously been reported in S. Typhi from 555 

Kenya (see supplementary data), but has been reported in Malawi and Tanzania 121 556 

and our new data suggests that the variant may have been transferred to these 557 
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locations from Kenya (see Figure 2). MDR H58 isolates are now widespread across 558 

East Africa, having been detected in Malawi, Uganda, Rwanda, Tanzania and 559 

Mozambique 12,13,15,33,55. 560 

 561 

The three East African lineages differed markedly in their patterns of mutations 562 

conferring Decreased Ciprofloxacin Susceptibility (DCS). GyrB-S464F was conserved 563 

among all EA2, whereas all EA3 isolates carried the GyrA-S83Y mutation. The GyrA-564 

S464F mutation was also detected at low frequency in EA1 (Table 2). This data 565 

indicates that ciprofloxacin resistance has been selected independently multiple times 566 

and is ongoing.  Increasing rates of ciprofloxacin resistance have also been observed 567 

following similar introductions of H58 elsewhere in East Africa 15, and likely reflect a 568 

change in treatment practise following widespread dissemination of MDR S. Typhi 569 

elsewhere including South and Southeast Asia 34,56,57.  570 

 571 

The different S. Typhi lineages appeared to be fairly evenly distributed between both 572 

acute cases and carriers, with the most common subgroup (EA2) accounting for 46% of 573 

acute cases and 50% of carriers. Similarly, all S. Typhi genotypes were identified 574 

throughout the study period and spatially across the study site, with most case/carrier 575 

monthly counts and geographic regions containing a diversity of genotypes (Fig. 3 and 576 

Fig. S2).  Our data therefore provides no evidence for major point-source single-577 

genotype outbreaks, but is consistent with persistent contamination of water supplies 578 

with multiple S. Typhi genotypes.  Higher temperatures were associated with lower S. 579 

Typhi case and carrier counts, however, no association with high rainfall was observed. 580 
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These findings are in line with previous studies focusing on seasonal trends in nearby 581 

Kibera 23.  However they contrast with trends previously observed in other settings 582 

including Malawi, where higher temperatures and rainfall were associated with 583 

increased risk of disease albeit with a time lag of multiple months 58, and South Asia 59-
584 

61.  585 

 586 

In our phylogenetic trees, branch lengths and SNP counts are measures of evolutionary 587 

time, and their terminal or isolate-specific quantities represent an upper bound on the 588 

time since acquisition of the infection from which each isolate was sampled. Hence, our 589 

data suggest that the S. Typhi isolated from asymptomatic controls may have had, on 590 

average, a longer duration from acquisition of the infection to sampling in the clinic. This 591 

supports the interpretation that S. Typhi-positive controls identified in this study 592 

represent genuine medium- to long-term typhoid carriers, rather than simply reflecting 593 

transient presence in the gut. The greater diversity observed here amongst controls 594 

(Table 2) further supports this interpretation. Longer branch lengths among carrier 595 

samples were also observed in a recent study 8 of S. Typhi isolated from bile samples 596 

from the gallbladders of cholecystectomy patients in Nepal. The differences in terminal 597 

branch lengths were non-significant in our study, possibly reflecting low statistical power 598 

or, perhaps less likely, that our control data constitute a mix of multiple carriage types 599 

including convalescent (three weeks to three months), temporary (three to twelve 600 

months), and chronic (more than one year) carriers.  Also in line with previous findings 8, 601 

our analyses provide evidence of positive selection among carriage isolates, with a 602 

higher proportion of non-synonymous mutations detected among carriers in specific 603 
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biological pathways including surface polysaccharides and antigens, transport/binding 604 

proteins, pathogenicity, and anaerobic respiration (Fig. 5, Fig S5, Table S8).  This is 605 

exemplified in the genes encoding surface antigens, notably those responsible for 606 

biosynthesis of Vi capsule and O-antigen lipopolysaccharide.    607 

 608 

Our study is not without limitations, firstly, our data are from a single informal settlement 609 

community in Nairobi, and thus may not be representative of the overall population 610 

structure and AMR patterns of typhoid in Kenya more broadly, or in older age groups. 611 

Similarly, our sample size yielded a relatively small number of isolates for WGS, and we 612 

thus lack statistical power for some genetic analyses.  613 

 614 

Conclusion 615 

Our study is the first case-control study to identify and sequence both typhoid carriers 616 

and cases contemporaneously in an endemic community setting. High rates of AMR 617 

among both infection types in Kenya combined with high carriage and case rates, 618 

especially in the younger age groups, highlight the need for enhanced AMR and 619 

genomic surveillance in this region to inform both treatment guidelines and control 620 

strategies that keep pace with the local evolution and spread of AMR. Intervention 621 

strategies are urgently needed including the introduction of the new Vi conjugate 622 

vaccine in a programme that includes targeting of paediatric age groups in the short 623 

term, and improvements to WaSH infrastructure in the long term. 624 

 625 

 626 
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 SUPPLEMENTARY MATERIAL 823 

Supplementary methods  824 

Phylogenetic and SNP analysis of S. Typhi isolates 825 

For SNP analysis, paired-end reads from 153 S. Typhi isolates were mapped to the 826 

reference sequence of S. Typhi CT18 (accession number: AL513382) 1 using the 827 

RedDog mapping pipeline (v1beta.10.3), available at http://githib.com/katholt/reddog. 828 

Briefly, RedDog uses Bowtie (v2.2.3) 2 to map reads to the reference sequence; 829 

SAMtools (v0.1.19) 3 to identify SNPs with phred quality scores above 30; filter out 830 

SNPs supported by <5 reads, or with >2.5 times the genome-wide average read depth 831 

(representing putative repeated sequences), or with ambiguous (heterozygous) 832 

consensus base calls. For each SNP position that passed these criteria in any one 833 

isolate, consensus base calls (i.e. alleles) for that position were extracted from all 834 

genomes, and used to construct an alignment of alleles across all SNP sites. 835 

Ambiguous base calls and those with phred quality <20 were treated as unknown alleles 836 

and represented with a gap character in the SNP alignment. Read alignments were 837 

used to assign isolates to previously defined lineages according to the S. Typhi 838 

extended genotyping framework 4-6, by subjecting the alignments (BAM format) to 839 

analysis with the GenoTyphi pipeline (available at http://github.com/katholt/genotyphi). 840 

Unique SNPs defining three novel lineages were identified from the genome-wide SNP 841 

allele table (with SNPs responsible for non-synonymous mutations in highly conserved 842 

genes without deletions prioritized for lineage definitions), these were added to the 843 

GenoTyphi scheme to facilitate easy identification of these lineages in future studies. 844 

 845 
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Phylogenetic analyses were restricted to WGS-confirmed pure cultures of S. Typhi H58 846 

(genotype 4.3.1, n=128). For some analyses, an additional 1,076 S. Typhi H58 847 

genomes from previously published WGS studies of global and African isolates 4,7-9 848 

were also included for context (using the same mapping approach detailed above). 849 

Alleles from 61 additional S. Typhi genomes representing all non-H58 subclades (listed 850 

in Table S2), and S. Paratyphi A str. AKU_12601 (accession FM200053) 10, were also 851 

included in the phylogenetic analysis as outgroups for tree rooting. SNPs called in 852 

phage regions or repetitive sequences (354 kbp; ~7.4% of bases in the CT18 reference 853 

chromosome, as defined previously 7,11,12 were filtered from the alignment, which was 854 

then used with the CT18 reference genome (AL513382) to produce a whole genome 855 

pseudoalignment that was subjected to analysis with Gubbins (v2.3.2) 13 to remove any 856 

further recombinant regions. This resulted in a final set of 8,635 SNPs identified from an 857 

alignment of 4,275,037 sites for the 1,266 isolates. 858 

 859 

From the global SNP alignment, maximum likelihood (ML) phylogenetic trees were 860 

inferred using RAxML (v8.2.9) 14, with a generalized time-reversible model, a Gamma 861 

distribution to model site-specific rate variation (the GTR+ Γ substitution model; 862 

GTRGAMMA in RAxML), and 100 bootstrap pseudo-replicates to assess branch 863 

support.  864 

 865 

From the global alignment we extracted a separate SNP alignment for the set of 239 866 

Kenyan S. Typhi H58 genomes (n=128 from this study and n=111 from published 867 

studies, see Table S3 4,9, which had length 489 SNPs. The same phylogenetic 868 
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inference methods were used to generate a ML tree from the SNP alignment of 239 869 

Kenyan isolates for temporal analyses (described below).  870 

 871 

Phylogenetic trees were visualized using Microreact (interactive global H58 phylogeny 872 

available at: https://microreact.org/project/wViqmaRdZuFVEb6yk4i1jU) 15 and the R 873 

package ggtree v1.14.6 16. For the purpose of plotting the global H58 tree, clusters of S. 874 

Typhi isolates that were members of the same monophyletic clade and isolated from the 875 

same location in South East Asian countries (i.e. representing local outbreaks) were 876 

reduced to a single representative each using the drop.tip() function in the R package 877 

ape 17.  878 

 879 

Terminal branch lengths were extracted from phylogenies using R package ggtree 16. 880 

Pairwise SNP distances were calculated from alignments using the dist.dna() function in 881 

the R package ape v5.3 17. Non-synonymous mutations were detected using SNPPar 882 

(V0.4.2dev) 18 and grouped by function based on the gene in which they were found 883 

according to the S. Typhi functional classification scheme developed at the Sanger 884 

Institute (www.sanger.ac.uk) using the genome annotation of CT18 1,19. 885 

 886 

Phylodynamic analysis  887 

To investigate temporal signal and date the introduction of S. Typhi H58 into Kenya 888 

based on the 239 available genomes (n=128 from this study, and n=111 from previous 889 

studies 4,9, we used several methods. First, we used TempEst (v1.5.1) 20 to assess 890 

temporal structure (i.e. clock-like evolution) by conducting a regression analysis of the 891 
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root-to-tip branch distances of the ML tree as a function of sampling date (expressed as 892 

decimal years at a resolution of days), using the heuristic residual mean squared 893 

method with the best fitting root selected. To estimate divergence dates for the three S. 894 

Typhi H58 sublineages we detected in Kenya (EA1-3), we used BEAST (v1.10) 21 to fit a 895 

phylodynamic model to the SNP alignment and isolation dates (as decimal years at a 896 

resolution of days). Note that as EA1-3 almost exclusively comprise Kenyan strains in 897 

the global H58 tree and the parent node for each of EA1-3 is the parent node for all 898 

Kenyan isolates of EA1-3 (see Fig. 2), the divergence dates for the EA1-3 parent nodes 899 

in the tree of 239 Kenyan isolates is taken as the divergence date for each of EA1-3 900 

generally, as well as the lower bound for the date of introduction of each of these 901 

sublineages into Kenya.  902 

 903 

We ran separate models using constant-coalescent population size and Bayesian 904 

skyline tree priors, in combination with a strict clock model or a relaxed (uncorrelated 905 

log normal distribution) clock model, to identify the best fitting model for our data. For 906 

BEAST analyses the GTR+Γ substitution model was selected, and sampling times (tip 907 

dates) were used to calibrate the molecular clock (for isolates collected in this study the 908 

precise day of isolation was used; for the previously published genomes, only the 909 

isolation year was known, so tip dates were assigned to the first of July for that year 910 

with an uncertainty of 0.5 years). For all tree prior and model combinations, a chain 911 

length of 100,000,000 steps with sampling every 5,000 steps was used 22. The relaxed 912 

(uncorrelated lognormal) clock model, that allows for evolutionary rate variations among 913 

branches of the tree and the constant-coalescent model were found to best fit our data. 914 
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To assess the temporal signal of these Bayesian estimates, we conducted a date-915 

randomisation test where sampling times were assigned randomly to the sequences, 916 

and the analysis re-run 20 times with the best fitting models (constant-coalescent 917 

demographic and uncorrelated lognormal clock) 22,23. The date-randomisation test 918 

revealed that these data displayed ‘strong’ temporal structure (meeting the criterion 919 

CR2 of Duchene et al 2016). Our preliminary BEAST runs resulted in implausible tree 920 

topologies and dated the most recent common ancestor (mrca) of H58 S. Typhi in 921 

Kenya ~1927 (95% highest posterior density = 1847-1984), conflicting with previously 922 

inferred divergence dates for the emergence of H58 (5,7,26). Fixing the tree topology to 923 

that obtained from ML inference yielded more plausible date estimates (~1968, 95% 924 

HPD = 1957-1977), however, sampling from the prior (without the sequence alignment) 925 

using the same model showed that this estimate was driven entirely by the priors 926 

provided to the model, with no information contributed by the sequence data. Taken 927 

together, these preliminary analyses suggested that while a temporal signal is present 928 

in the alignment, the signal is weak and would benefit from the specification of sensible 929 

priors to calibrate the root height. Previous analyses of the H58 divergence date, 930 

inferred using global data spanning a wider sampling period and with stronger temporal 931 

signal, estimate it emerged circa 1989 (95% HPD, 1981-1995) 7, and we have 932 

previously reported the presence of H58 lineage 1 in Kenya in the late 1980s 24. We 933 

therefore specified a log-normally distributed root height prior with mean 1989 and 934 

standard deviation 4 years. Use of this root height prior (without fixing the tree topology) 935 

yielded a plausible tree topology (i.e. consistent with the outgroup-rooted maximum 936 

likelihood tree inferred from the same alignment, with the expected separation of H58 937 
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sublineages into monophyletic clades), showed evidence of temporal signal (via date 938 

randomisation testing), and was not driven by priors alone; hence this approach was 939 

used for the final analyses presented here. 940 

 941 

For the final analyses, 2 independent runs each conducted with a chain length of 942 

100,000,000 steps sampling every 5,000 iterations were combined using LogCombiner 943 

(v1.10.0) 21, after removing the first 10% of steps from each as ‘burn-in’. Maximum-944 

clade credibility trees (MCC) trees were generated with ‘common ancestor heights’ 945 

specified for node heights, using TreeAnnotator (v1.10.0) 21. The effective sample sizes 946 

(ESS) from the combined runs were >200 for all reported parameters. The resultant 947 

MCC tree was visualized using ggtree (v1.14.6) 16 and Microreact 15 (interactive 948 

phylogeny available at: https://microreact.org/project/I2KUoasUB). 949 

 950 

Genomic determinants of antimicrobial resistance 951 

The read mapping-based allele typer SRST2 (v0.2.0) 25 was used to detect the 952 

presence of plasmid replicons (PlasmidFinder database 26) and antimicrobial resistance 953 

(AMR genes) (ARGannot database 27) and to identify the precise alleles of AMR genes. 954 

Where AMR genes were observed without evidence of a known AMR plasmid, raw read 955 

data was de novo assembled using Unicycler (v0.4.7) 28 and then examined visually 956 

using the Bandage (v0.8.1) 29 assembly graph visualizer, in order to interrogate the 957 

assembly to confirm the chromosomal location and composition of AMR-associated 958 

transposons. ISMapper (v2.0) 30 was used with default parameters to screen all read 959 

sets for insertion sites of transposases of IS1 (accession number J01730) relative to the 960 
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CT18 reference chromosome sequence, in order to identify the location of any such 961 

insertion sequences in the chromosome of each Kenyan S. Typhi genome. Single point 962 

mutations located within the quinolone resistance determining region (QRDR) of genes 963 

gyrA, gyrB, and parC associated with reduced susceptibility to fluoroquinolones 8 were 964 

detected from the whole genome read alignments (BAM files) described above, using 965 

GenoTyphi 4-6. Where a resistance phenotype was detected in the absence of known 966 

molecular determinants of AMR, DBGWAS (v0.5.4) 31 31 was utilised to carry out a 967 

bacterial genome-wide association study (GWAS) to screen for genetic loci and/or 968 

variants associated with the observed resistance phenotype. 969 

 970 

Statistical and spatial analysis 971 

All statistical analyses unless otherwise stated were carried out using R (v4.0.2). 972 

Multivariate logistic regression analyses were conducted with the glm() function in base 973 

R, and linear regression analyses of were carried out using the lm() function in base R. 974 

Shannon diversity was calculated using the diversity() function in the R package vegan 975 

32. Base R function chisq.test() was used to conduct a Chi-Squared test of age groups 976 

and S. Typhi genotypes. Fisher’s exact test was carried out using the fisher.test() 977 

function in base R to investigate the frequency of non-synonymous mutations among 978 

cases and carriers, as well as associations between binary categories (‘high’ vs ‘low’) 979 

for monthly case counts or carrier counts and weather conditions (monthly rainfall, 980 

minimum and maximum temperature) in either the same month, the previous month, or 981 

two months prior. Thresholds for the ‘high’ categories were: case or carrier counts >2; 982 

rainfall >75 mm; minimum temperature >14°C; maximum temperature >26°C.  983 
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 984 

GPS coordinate data were visualized using Microreact 15 . 985 

 986 

 987 

  988 
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Supplementary results 989 

Precision of AMR phenotypes from genotypes 990 

Observed AMR phenotypes for all high quality WGS data (n=128 H58 and n=8 Non-H58 991 

genome sequences) were largely explained by the presence of known molecular 992 

determinants of AMR (Table S5). Sensitivity was generally high for previous first line 993 

drugs for treating typhoid including chloramphenicol, ampicillin, co-trimoxazole, as well 994 

as tetracyclines (>94%), as was specificity (>74%), and low very major errors (VME; 995 

failure to predict a resistance phenotype) were determined for these drugs (<4%). Major 996 

errors (ME; failure to predict a susceptible resistance phenotype) ranged between 5.1-997 

7.4% for these drugs, and for three sequences, this is potentially explained by the loss 998 

of an IncHI1 plasmid (n=2) or Tn2670-like transposon (n=1) associated with the MDR 999 

phenotype in culture, as resistance phenotypes were not observed for any of these 1000 

drugs. 1001 

 1002 

VME for nalidixic acid (32.4%), and ME (23.5%) for ciprofloxacin were both high. The 1003 

sensitivity and specificity for these drugs (Table S5) are confounded by the presence of 1004 

the GyrB-S464F mutation (Table 2), conserved in all n=73 genome sequences of 1005 

genotype 4.3.1.2.EA2 (H58 lineage 2 sublineage East Africa 2; discussed below in 1006 

detail). The GyrB-S464F mutation has been previously reported to cause Decreased 1007 

Ciprofloxacin Susceptibility (DCS), but not nalidixic acid resistance 33, however, in our 1008 

data the relationship between GyrB-S464F Quinolone/Fluoroquinolone resistance in this 1009 

strain background remains unclear as 50.7% of EA2 isolates showed reduced 1010 

susceptibility to nalidixic acid and 47.9% ciprofloxacin, with the rest testing sensitive to 1011 
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these drugs. Neither comparative analysis of resistant and sensitive EA2 sequences, 1012 

nor further bacterial GWAS analysis, revealed any evidence of either causal or 1013 

compensatory mutations, or the acquisition/loss of genetic loci responsible for these 1014 

phenotypes, perhaps due to low power. 1015 

 1016 

Specificity estimates were high (100%), but sensitivity low (0%), for third generation 1017 

cephalosporins including ceftazidime cefotaxime ceftriaxone and cefpodoxime (see 1018 

Table S5). This was the result of phenotypic resistance to 3rd generation cephalosporins 1019 

detected at low frequency among our high quality sequenced genomes (n=1-4, 0.73-1020 

2.9%) in the absence of any known molecular determinants for resistance to these 1021 

drugs. A GWAS was again carried out using susceptibility data for these drugs, but no 1022 

candidate molecular mechanisms significantly associated with the observed resistance 1023 

phenotypes were identified, again possibly due to low power. 1024 

 1025 

Local subpopulations of S. Typhi H58 1026 

Salmonella Typhi H58 (genotype 4.3.1) is subdivided into lineages I (genotype 4.3.1.1) 1027 

and II (genotype 4.3.1.2). Lineage II was more common in this setting than lineage I: 1028 

n=90 (62.1% of H58) vs n=55 (37.9%). Examination of the global phylogeny (Fig. 2, and 1029 

online interactive version https://microreact.org/project/wViqmaRdZuFVEb6yk4i1jU) 1030 

revealed all H58 lineage I isolates from this study shared a most recent common 1031 

ancestor (mrca) whose descendants form a monophyletic clade that exclusively 1032 

comprised S. Typhi from East African countries (see Fig. 2). This clade corresponds to 1033 

the previously reported introduction of H58 lineage I from South Asia into Eastern 1034 
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Africa, which appears to have arrived in Kenya before spreading to Tanzania and on to 1035 

Malawi and South Africa 4,34 (Fig. 2). Here, we define this as H58 sublineage EA1 (East 1036 

Africa 1) with genotype designation 4.3.1.1.EA1 (labelled in Fig. 2), which can be 1037 

identified by the presence of a synonymous marker SNP STY0750-G1407A (position 1038 

751854 in CT18; this genotype has been added to the GenoTyphi scheme available at 1039 

http://github.com/katholt/genotyphi).  1040 

 1041 

S. Typhi H58 lineage II (genotype 4.3.1.2) isolates from our study belonged to two 1042 

distinct clades of the global phylogeny (Fig. 2), which were each exclusively populated 1043 

by East African isolates. The largest of these clades (n=80 isolates, of which 81.3% 1044 

derive from the current study) formed a monophyletic group in which isolates from this 1045 

study were intermingled with those obtained from previous studies in Kenya (n=14, 1046 

17.5%), and a single Tanzanian strain isolated in 2012 (see Fig. 2), suggestive of a 1047 

single inter-country transmission event from Kenya into Tanzania. This clade is nested 1048 

within a deeper clade of diverse South Asian isolates (see Fig. 2), and corresponds to 1049 

the previously reported introduction of H58 lineage II into Kenya from South Asia 7,9. 1050 

This lineage, here defined as H58 sublineage EA2 (East Africa 2) and designated 1051 

genotype 4.3.1.2.EA2 (labelled in Fig. 2), can be identified by the presence of a 1052 

synonymous marker SNP STY4818-C1069T (position 4680610 in CT18). The smaller 1053 

East African H58 lineage II clade (n=43 isolates) comprised two sister clades, separated 1054 

by ≥13 SNPs, one involving isolates from Kenya (n=13, all from this study) and the other 1055 

isolates from Uganda (n=30, which accounted for 100% of the typhoid burden at the 1056 

Ugandan site in the TSAP study 9) (see Fig. 2). This clade (including both the Ugandan 1057 
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and Kenyan subgroups) is here defined as H58 sublineage EA3 (East Africa 3) and 1058 

designated genotype 4.3.1.2.EA3 (labelled in Fig. 2), identified by synonymous marker 1059 

SNP STY2750-G96A (position 2587488 in CT18). Both EA2 and EA3 genotypes have 1060 

been added to the GenoTyphi scheme. 1061 

 1062 

The three East African H58 subgroups circulating in our setting all had high rates of 1063 

MDR (84%, 74% and 94%, respectively); however in EA2, MDR was exclusively 1064 

associated with the PST6-IncHI1 plasmid, and in EA3 exclusively with the chromosomal 1065 

insertion (see Table 2 and Fig. 2). In EA1, most MDR was associated with the PST6-1066 

IncHI1 plasmid. However, a subclade of isolates (associated with spread to Tanzania 1067 

and Malawi) carried the chromosomal insertion instead (see Table 2 and Fig. 2). 1068 

Chromosomal integration of MDR strains has not previously been reported in S. Typhi 1069 

from Kenya, although it has been reported in the Malawi and Tanzanian sublineages of 1070 

EA1 7 which our data suggests transferred to those locations from Kenya. Here, the 1071 

integration of the MDR composite transposon into the chromosome of Kenyan EA1 and 1072 

EA3 isolates was supported by both examination of genome assembly graphs and 1073 

analysis of IS1 insertion sites (see Methods), both of which supported integration near 1074 

gene cyaA as has been reported previously 5,7. Interestingly, MDR in the Ugandan 1075 

subclade of EA3 was associated with the IncHI1-PST6 plasmid, suggesting that 1076 

migration of the transposon from plasmid to chromosome may have occurred in situ in 1077 

Kenya after divergence from the Ugandan branch. The three East African lineages also 1078 

differed markedly in their patterns of mutations associated with reduced susceptibility to 1079 

fluoroquinolones: GyrB-S464F was conserved among all EA2, whereas all EA3 isolates 1080 
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carried the GyrA-S83Y mutation, and three distinct GyrA mutations, and the GyrA-1081 

S464F mutation were detected at low frequency in EA1 (see Table 2). 1082 

 1083 

Supplementary Table 1 – Sequences used in this study (excel file) 1084 
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 1085 

Lab_ID Study_ID Isolation_dateSample_sourceLocation_clinicLocation_zoneWithin_study_sitePatient_age Patient_sex Status Bacteriology_typingGenomic_typingAnalysis_inclusion_or_exclusionLane_and_tree_IDAccession_numberTyphi_genotypeIncHI1_PlasmidIncHI1_Plasmid_PSTMDR_chromosome_insertion_siteAMR_genes QRDR_mutationsCAZ_Zone_mmCAZ_InterpretationAMP_Zone_mmAMP_InterpretationCTX_Zone_mmCTX_InterpretationCRO_Zone_mmCRO_InterpretationCPD_Zone_mmCPD_InterpretationCIP_Zone_mmCIP_InterpretationNAL_Zone_mmNAL_InterpretationTCY_Zone_mmTCY_InterpretationSXT_Zone_mmSXT_InterpretationCHL_Zone_mmCHL_Interpretation

MR4478 MR2001A 13-07-16 Stool Ruben Rurii Yes 1 yrs. 3 mo. F Control E. coli spp+ Salmonella TyphiEnterobacter spp.Non-Typhi organism detected22306_3_251ERS4397906 - - - - - - 24 S 18 S 30 S 27 S 24 S 28 I 18 I 21 S 27 S 23 S

MCC2873 MCC2140 29-06-16 Stool City council Wapewape Yes 1 yrs. 3 mo. F Control Proteus spp + Salmonella TyphiE. coli Non-Typhi organism detected22306_3_242ERS4397905 - - - - - - 29 S 6 R 31 S 34 S 30 S 37 S 27 S 6 R 8 R 6 R

MR3470 MR1350A 31-07-15 Blood Ruben Simbacool Yes 3 yrs. 6 mo. F Case Salmonella enteritidisS. Typhi Included 22204_7_178ERS4397835 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 tetB gyrB-S464F 27 S 24 S 29 S 29 S 27 S 33 S 24 S 25 S 28 S 21 S

MMM5660 MMM3858B 26-09-16 Blood Njenga Quarry Yes 6 yrs. M Case Salmonella TyphiS. Agona ST13Non-Typhi organism detected22204_7_194ERS4397756 - - - - - - 26 S 22 S 30 S 29 S 24 S 31 S 23 S 21 S 27 S 25 S

MCC3187 MCC2365 14-09-16 Stool City council Plot 10 No 2 yrs. 1 mo. M Control Klebsiella spp + Salmonella TyphiEnterobacter spp.Non-Typhi organism detected22204_7_191ERS4397755 - - - - - - 8 R 6 R 25 I 30 S 23 S 31 S 20 S 20 S 28 S 30 S

MR4670 MR2154A 21-09-16 Stool Ruben Vietnam Yes 5 yrs. 10 mo. M Control Klebsiella spp + Salmonella TyphiE. coli ST93 Non-Typhi organism detected24276_3_275ERS4397732 - - - - - - 30 S 21 S 33 S 32 S 25 S 31 S 24 S 16 S 6 R 23 S

MCC3298 MCC2442 17-10-16 Blood City council Tassia No 3 yrs. 4 mo. M Case Salmonella TyphiAcinetobacter spp.Non-Typhi organism detected24276_3_191ERS4397724 - - - - - - 30 S 27 S 33 S 31 S 30 S 26 I 18 I 24 S 31 S 22 S

MCC3379 MCC2504 09-11-16 Blood City council Plot 10 No 3 yrs. 3 mo. M Case Salmonella TyphiAcinetobacter spp.Non-Typhi organism detected24276_3_192ERS4397722 - - - - - - 26 S 29 S 34 S 30 S 30 S 26 I 18 I 26 S 31 S 23 S

MMM191 MMM0186 04-09-13 Stool Njenga AA/MCC Yes 1 yrs. 6 mo. M Control E. coli spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22204_8_178ERS3403506 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 26 S 6 R 31 S 30 S 27 S 33 S 26 S 6 R 6 R 6 R

MR835 MR0215C 23-01-14 Blood Ruben Lungalunga No 4 yrs. 6 mo. M Case Salmonella TyphiS. Typhi Included 22204_8_60 ERS3403486 4.3.1.2.EA2 Yes 6 - catA1 dfrA7	sul1 tetB gyrB-S464F 29 S 29 S 34 S 34 S 30 S 33 S 23 S 6 R 24 S 6 R

MR1063 MR0316B 05-03-14 Stool Ruben Vietnam Yes 1 yrs. 6 mo. F Control Salmonella TyphiS. Typhi Included 22204_8_59 ERS3403485 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 tetB - 28 S 6 R 32 S 30 S 30 S 33 S 27 S 6 R 6 R 6 R

MB1425 MB1043 03-09-15 Blood Mbagathi hospitalGatwikira No 8 yrs. M Case Salmonella TyphiS. Typhi Included 22204_8_29 ERS3403466 4.3.1.1.EA1 Yes untypeable - catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 tetB - 28 S 6 R 34 S 32 S 30 S 33 S 27 S 6 R 10 R 6 R

MB1638 MB1213 16-10-15 Blood Mbagathi hospitalPumwani No 12 yrs. 10 mo.F Case Salmonella TyphiS. Typhi Included 22204_8_16 ERS3403456 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 26 S 6 R 32 S 28 S 28 S 24 I 6 R 24 S 6 R 6 R

MMM4044 MMM2759A 12-10-15 Stool Njenga Quarry Yes 6 yrs. M Case Salmonella TyphiS. Typhimurium ST19Non-Typhi organism detected22204_8_10 ERS3403452 - - - - - - 23 S 17 S 32 S 30 S 30 S 33 S 24 S 22 S 31 S 27 S

MB2386 MB1770 10-05-16 Stool Mbagathi hospitalKibera No 11 yrs. 1 mo. F Control Klebsiella spp + Salmonella TyphiS. Typhi Included 22204_8_165ERS3403444 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 tetB gyrB-S464F 30 S 6 R 33 S 31 S 30 S 32 S 22 S 6 R 6 R 6 R

MCC800 MCC0602 25-08-14 Stool City council Motomoto Yes 5 mo. M Control No growth S. Typhi Included 22204_8_91 ERS3403391 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 tetB gyrB-S464F 25 S 6 R 36 S 33 S 28 S 32 S 21 S 6 R 6 R 6 R

MR4799 MR2243A 25-10-16 Blood Ruben Mombasa Yes 5 yrs. 4 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_276ERR3332782 4.3.1.2.EA2 - - - - gyrB-S464F 31 S 28 S 34 S 34 S 32 S 29 I 17 I 25 S 32 S 26 S

MMM5877 MMM3913B 01-11-16 Stool Njenga Tassia No 10 yrs. F Case Salmonella Typhi + Citrobacter sppS. Typhi Included 24276_3_240ERR3332781 2.5.0 - - - - - 29 S 28 S 34 S 32 S 29 S 26 I 18 I 26 S 31 S 26 S

MMM5742 MMM3924A 10-10-16 Blood Njenga Vietnam Yes 1 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_238ERR3332780 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 26 S 6 R 34 S 32 S 29 S 34 S 26 S 26 S 6 R 6 R

MB3007 MB2245 03-11-16 Stool Mbagathi hospitalKorogocho No 14 yrs. 4 mo. M Control E. coli spp+ Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_150ERR3332779 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 28 S 6 R 34 S 31 S 26 S 36 S 27 S 6 R 6 R 6 R

MB2962 MB2213 26-10-16 Stool Mbagathi hospitalKibra No 3 yrs. F Case Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_149ERR3332778 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 25 S 6 R 32 S 29 S 28 S 29 I 18 I 22 S 6 R 6 R

MB2871 MB2152 03-10-16 Blood Mbagathi hospitalImara Daima No 3 yrs. 10 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_146ERR3332777 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 31 S 6 R 34 S 25 S 26 S 31 S 25 S 25 S 6 R 6 R

MB2612 MB1954 18-07-16 Stool Mbagathi hospitalKiambichi No 6 yrs. 6 mo. M Case E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_143ERR3332776 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 27 S 6 R 32 S 29 S 20 I 29 I 18 I 22 S 26 S 24 S

MB2595 MB1941 11-07-16 Stool Mbagathi hospitalKibera No 3 yrs. 8 mo. M Control Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_253ERR3332773 4.3.1.2.EA2 - - - - gyrB-S464F 33 S 28 S 33 S 32 S 29 S 28 I 17 I 26 S 34 S 31 S

MMM2091 MMM1221A 22-09-14 Stool Njenga Wapewape Yes 1 yrs. 6 mo. F Control E. coli spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_248ERR3332770 4.3.1.2.EA2 Yes Untypeable - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 29 S 27 S 32 S 29 S 29 S 31 S 23 S 24 S 6 R 6 R

MMM2077 MMM1306B 15-09-14 Stool Njenga Sisal Yes 2 yrs. 6 mo. M Case E. coli spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_247ERR3332769 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 30 S 6 R 30 S 30 S 28 S 32 S 25 S 6 R 6 R 6 R

MR4433 MR1968A 29-06-16 Stool Ruben Rurii Yes 10 yrs. 6 mo. M Case Salmonella TyphiEnterobacter spp.Non-Typhi organism detected22306_3_246ERR3332768 - - - - - - 25 S 6 R 27 S 26 S 20 I 33 S 21 S 20 S 27 S 23 S

MR4474 MR1997A 13-07-16 Stool Ruben Kingstone Yes 9 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_244ERR3332766 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 29 S 11 R 33 S 31 S 28 S 25 I 6 R 27 S 6 R 6 R

MR4454 MR1972A 11-07-16 Stool Ruben Railway Yes 4 yrs. 7 mo. M Case Citrobacter spp + Salmonella TyphiEnterobacter spp.Non-Typhi organism detected22306_3_243ERR3332765 - - - - - - 26 S 21 S 32 S 31 S 29 S 31 S 23 S 12 I 30 S 24 S

MMM1980 MMM1197A 25-08-14 Stool Njenga Sisal Yes 6 yrs. 6 mo. M Control Salmonella TyphiS. Typhi Included 22306_3_236ERR3332762 3.0.0 - - - - - 34 S 32 S 32 S 34 S 30 S 32 S 26 S 27 S 30 S 32 S

MMM2061 MMM1257A 11-09-14 Stool Njenga Pipeline Yes 5 yrs. F Control Salmonella TyphiE. coli Non-Typhi organism detected22306_3_229ERR3332759 - - - - - - 31 S 6 R 33 S 33 S 28 S 37 S 28 S 6 R 32 S 6 R

MR2140 MR0752C 08-09-14 Stool Ruben Pipeline Yes 6 yrs. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_228ERR3332758 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 33 S 30 S 30 S 27 I 18 I 6 R 6 R 6 R

MR1087 MR0406A 10-03-14 Stool Ruben Pipeline Yes 1 yrs. 4 mo. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_225ERR3332755 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 30 S 6 R 31 S 34 S 31 S 35 S 28 S 6 R 6 R 11 R

MCC408 MCC0307 26-05-14 Stool City council AA/MCC Yes 1 yrs. M Case Salmonella TyphiProvidencia spp.Non-Typhi organism detected22306_3_221ERR3332753 - - - - - - 28 S 14 I 30 S 30 S 23 S 33 S 24 S 23 S 27 S 16 I

MR422 MR0165A 05-11-13 Stool Ruben Rurii Yes 3 mo. M Case Salmonella TyphiS. Haifa ST49 Non-Typhi organism detected22306_3_220ERR3332752 - - - - - - 29 S 26 S 29 S 30 S 28 S 32 S 25 S 22 S 29 S 24 S

MR2873 MR1085A 12-03-15 Stool Ruben Riara Yes 14 yrs. 3 mo. M Control E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_218ERR3332750 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 29 S 6 R 31 S 34 S 30 S 37 S 27 S 6 R 8 R 6 R

MMM1822 MMM1214B 21-07-14 Blood Njenga Vietnam Yes 3 yrs. 7 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_207ERR3332746 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrA-D87G 25 S 8 R 29 S 27 S 27 S 27 I 10 R 6 R 6 R 12 R

MMM183 MMM0175 03-09-13 Stool Njenga Tassia No 4 yrs. 8 mo. F Control E. coli spp +  Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_206ERR3332745 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 31 S 6 R 34 S 32 S 28 S 33 S 27 S 6 R 6 R 6 R

MMM281 MMM0266 23-09-13 Stool Njenga Pipeline Yes 7 yrs. M Control E. coli spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_205ERR3332744 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 17 R 6 R 34 S 35 S 30 S 32 S 27 S 6 R 6 R 6 R

MMM932 MMM0752B 05-03-14 Blood Njenga Motomoto Yes 8 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_204ERR3332743 4.3.1.2.EA2 - - - - gyrB-S464F 30 S 6 R 32 S 31 S 23 S 34 S 25 S 23 S 31 S 19 S

MMM190 MMM0185 04-09-13 Stool Njenga Muradi Yes 1 yrs. 3 mo. F Control Klebsiella spp + Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_202ERR3332742 - - - - - - 29 S 6 R 33 S 30 S 29 S 35 S 25 S 6 R 6 R 6 R

MMM119 MMM0112 21-08-13 Stool Njenga Sisal Yes 5 yrs.4 mo. M Control E. coli spp + Salmonella TyphiEnterobacter spp.Non-Typhi organism detected22306_3_201ERR3332741 - - - - - - 26 S 6 R 29 S 28 S 21 S 32 S 23 S 21 S 29 S 22 S

MMM1538 MMM1074B 26-05-14 Stool Njenga Pipeline Yes 2 yrs. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_200ERR3332740 4.3.1.2.EA2 - - - - gyrB-S464F 28 S 26 S 32 S 33 S 30 S 35 S 25 S 24 S 30 S 22 S

MMM2007 MMM1303B 01-09-14 Stool Njenga Riara Yes 1 yrs. 8 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_197ERR3332737 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 28 S 25 S 34 S 34 S 28 S 36 S 25 S 25 S 30 S 6 R

MR1749 MR0437B 26-06-14 Stool Ruben Kitengela No 5 yrs. 10 mo. F Control Salmonella  TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_193ERR3332733 - - - - - - 26 S 7 R 28 S 30 S 24 S 27 I 6 R 22 S 6 R 24 S

MMM1707 MMM1100A 24-06-14 Stool Njenga Quarry Yes 3 yrs. 3 mo. F Control Salmonella TyphiS. Braenderup ST2099Non-Typhi organism detected22306_3_192ERR3332732 - - - - - - 34 S 30 S 40 S 38 S 34 S 40 S 28 S 27 S 36 S 20 S

MR692 MR0263A 07-12-13 Blood Ruben - No 1 yrs. 4 mo. M Case S. aureus + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_191ERR3332731 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 gyrB-S464F 28 S 25 S 30 S 31 S 28 S 33 S 25 S 26 S 30 S 23 S

MCC210 MCC0151 03-04-14 Blood City council Wapewape Yes 2 yrs. 4 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_188ERR3332729 4.3.1.2.EA2 Yes Untypeable - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 6 R 32 S 34 S 30 S 27 I 16 I 6 R 6 R 6 R

MMM945 MMM0744B 05-03-14 Stool Njenga Quarry Yes 1 yrs. F Control E. coli spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_185ERR3332727 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 31 S 6 R 33 S 31 S 31 S 31 S 22 S 6 R 6 R 10 R

MCC490 MCC0370 16-06-14 Stool City council Pipeline Yes 9 mo. M Case Citrobacter spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_184ERR3332726 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 28 S 6 R 35 S 33 S 28 S 33 S 25 S 6 R 6 R 6 R

MR1466 MR0550A 12-05-14 Stool Ruben Riara Yes 8 mo. M Case Salmonella TyphiS. Typhimurium ST313Non-Typhi organism detected22306_3_182ERR3332724 - - - - - - 27 S 6 R 29 S 31 S 22 S 30 S 19 S 24 S 6 R 23 S

MR1688 MR0603C 19-06-14 Stool Ruben Falcon Yes 4 yrs. 11 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_180ERR3332722 - - - - - - 29 S 6 R 32 S 31 S 28 S 31 S 26 S 6 R 6 R 6 R

MMM929 MMM0757B 04-03-14 Stool Njenga Motomoto Yes 5 yrs. 3 mo. M Control E. coli spp + Salmonella TyphiS. Typhimurium ST19Non-Typhi organism detected22306_3_179ERR3332721 - - - - - - 26 S 20 S 30 S 30 S 29 S 32 S 24 S 20 S 29 S 20 S

MMM186 MMM0182 04-09-13 Stool Njenga Vietnam Yes 6 yrs. 6 mo. M Case Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_177ERR3332719 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 30 S 30 S 27 S 25 I 18 I 6 R 6 R 6 R

MCC538 MCC0404 24-06-14 Stool City council Wapewape Yes 3 yrs. 10 mo. M Control E. coli spp+ Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_175ERR3332717 - - - - - - 29 S 24 S 31 S 31 S 28 S 33 S 25 S 25 S 27 S 20 S

MR83 MR0041A 12-08-13 Stool Ruben - - 10 mo. F Control Salmonella typhimuriumS. Typhi Included 22306_3_174ERR3332716 4.3.1.2.EA2 Yes untypeable - catA1 dfrA7	strA strB sul2 sul1 blaTEM-1 tetB gyrB-S464F 27 S 24 S 28 S 28 S 26 S 32 S 23 S 23 S 28 S 20 S

MMM2017 MMM1224A 01-09-14 Stool Njenga AA/MCC Yes 1 yrs. 11 mo. M Control Citrobacter spp + Salmonella TyphiS. Typhi Included 22306_3_171ERR3332715 2.2.2 - - - - - 28 S 6 R 35 S 34 S 32 S 36 S 29 S 26 S 32 S 32 S

MR4104 MR1728A 16-03-16 Stool Ruben Simbacool Yes 5 mo. F Case Klebsiella spp + Salmonella TyphiEnterobacter spp.Non-Typhi organism detected22306_3_167ERR3332711 - - - - - - 29 S 16 I 30 S 30 S 20 I 30 S 16 I 6 R 27 S 19 S

MMM3664 MMM2449A 23-07-15 Blood Njenga Quarry Yes 3 yrs. 1 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_164ERR3332709 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 6 R 34 S 32 S 32 S 26 I 14 I 6 R 15 I 6 R

MB1219 MB0907 28-07-15 Stool Mbagathi hospitalKariobangi No 3 yrs. 1 mo. F Case Salmonella TyphiS. Typhimurium ST313Non-Typhi organism detected22306_3_162ERR3332708 - - - - - - 32 S 6 R 36 S 34 S 33 S 33 S 23 S 6 R 6 R 6 R

MCC1422 MCC1059 16-07-15 Stool City council Motomoto Yes 1 yrs. 5 mo. F Control Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_160ERR3332706 - - - - - - 28 S 6 R 34 S 33 S 28 S 37 S 25 S 6 R 6 R 6 R

MB2256 MB1677 29-03-16 Stool Mbagathi hospitalKiserian No 3 yrs. 11 mo. M Case Salmonella TyphiS. Typhimurium ST313Non-Typhi organism detected22306_3_157ERR3332703 - - - - - - 27 S 6 R 28 S 27 S 28 S 33 S 24 S 24 S 28 S 25 S

MB1091 MB0817 08-07-15 Stool Mbagathi hospitalRongai No 7 yrs. 4 mo. F Control E. coli spp+ Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_155ERR3332701 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 29 S 6 R 34 S 32 S 28 S 34 S 26 S 6 R 6 R 6 R

MMM4927 MMM3461A 03-05-16 Blood Njenga Quarry Yes 3 yrs. 11 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_147ERR3332694 4.3.1.1.EA1 - - - - gyrA-S83F 29 S 25 S 32 S 30 S 29 S 28 I 6 R 30 S 26 S 24 S

MB2179 MB1623 14-03-16 Stool Mbagathi hospitalKibera No 3 yrs. 8 mo. M Case Klebsiella spp + Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_145ERR3332693 - - - - - - 26 S 22 S 27 S 28 S 26 S 31 S 24 S 24 S 28 S 20 S

MMM3516 MMM2347A 02-07-15 Stool Njenga Vietnam Yes 1 yrs. 11 mo. F Case E. coli spp S. Typhi Included in H58 phylogeny22306_3_140ERR3332691 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 27 S 6 R 31 S 31 S 28 S 25 I 14 I 6 R 6 R 6 R

MMM3517 MMM2331A 03-07-15 Blood Njenga 48 Yes 2 yrs. 4 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_138ERR3332690 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 34 S 6 R 31 S 35 S 31 S 32 S 23 S 6 R 6 R 6 R

MB2257 MB1679 29-03-16 Blood Mbagathi hospitalGikomba No 3 yrs. 7 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_134ERR3332689 - - - - - - 28 S 6 R 32 S 30 S 29 S 34 S 25 S 6 R 6 R 6 R

MR4345 MR1916A 13-06-16 Stool Ruben Kosovo Yes 11 yrs. 10 mo.M Case Klebsiella spp + E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_129ERR3332685 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 30 S 13 R 30 S 30 S 30 S 26 I 6 R 28 S 6 R 6 R

MR1916 MR0695A 23-07-14 Stool Ruben Railway Yes 1 yrs. 8 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_126ERR3332684 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 29 S 10 R 33 S 30 S 29 S 27 I 6 R 26 S 6 R 6 R

MR4157 MR1767A 04-04-16 Stool Ruben Feed the childrenYes 1 yrs. 2 mo. F Control Klebsiella spp + Salmonella TyphiS. Typhimurium ST313Non-Typhi organism detected22306_3_124ERR3332682 - - - - - - 17 R 6 R 34 S 33 S 28 S 26 I 16 I 6 R 6 R 6 R

MCC2769 MCC2057 07-06-16 Stool City council Quarry Yes 1 yrs. 1 mo. M Control Citrobacter spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_116ERR3332677 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 28 S 6 R 32 S 30 S 32 S 31 S 21 S 6 R 6 R 6 R

MB2464 MB1836 02-06-16 Stool Mbagathi hospitalKibera No 10 yrs. 7 mo. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_115ERR3332676 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 27 S 6 R 33 S 30 S 28 S 28 I 18 I 24 S 6 R 10 R

MMM3507 MMM2336A 02-07-15 Blood Njenga Motomoto Yes 2 yrs. 1 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_114ERR3332675 - - - - - - 25 S 6 R 28 S 27 S 23 S 27 I 17 I 6 R 6 R 6 R

MMM3483 MMM2318A 29-06-15 Stool Njenga AA/MCC Yes 12 yrs. 3 mo. F Control Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_113ERR3332674 - - - - - - 26 S 21 S 27 S 28 S 24 S 29 I 16 I 22 S 27 S 18 S

MCC1378 MCC1029 03-07-15 Stool City council 48 Yes 2 yrs. 8 mo. M Case Salmonella TyphiS. Braenderup ST22Non-Typhi organism detected22306_3_110ERR3332671 - - - - - - 26 S 6 R 31 S 31 S 30 S 25 I 18 I 6 R 6 R 6 R

MB1096 MB0822 08-07-15 Stool Mbagathi hospitalAthi river No 9 yrs. M Case Citrobacter spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_108ERR3332669 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 27 S 6 R 32 S 31 S 30 S 31 S 23 S 6 R 6 R 6 R

MMM3472 MMM2303A 29-06-15 Blood Njenga Quarry Yes 3 yrs. M Case Salmonella TyphiS. Braenderup ST22Non-Typhi organism detected22306_3_98 ERR3332664 - - - - - - 15 R 13 R 20 R 17 R 20 I 31 S 19 S 23 S 24 S 27 S

MMM652 MMM0605 04-02-14 Stool Njenga Plot 10 No 2 yrs. 6 mo. M Control Proteus spp S. Typhi Included in H58 phylogeny22306_3_96 ERR3332662 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 33 S 30 S 29 S 33 S 21 S 6 R 6 R 10 R

MCC1904 MCC1419 11-01-16 Blood City council 48 Yes 10 yrs. 5 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_93 ERR3332660 4.3.1.2.EA2 - - - - gyrB-S464F 26 S 6 R 22 R 28 S 21 S 33 S 22 S 26 S 6 R 25 S

MCC1752 MCC1303 02-11-15 Stool City council Motomoto Yes 1 yrs. 4 mo. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_92 ERR3332659 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 27 S 6 R 34 S 30 S 30 S 32 S 22 S 6 R 6 R 6 R

MMM515 MMM0476 22-11-13 Blood Njenga Wapewape Yes 6 yrs. M Case Salmonella TyphiS. Heidelberg ST15Non-Typhi organism detected22306_3_90 ERR3332657 - - - - - - 28 S 6 R 34 S 32 S 30 S 32 S 26 S 6 R 6 R 6 R

MCC327 MCC0247 28-04-14 Stool City council AA/MCC Yes 5 yrs. 8 mo. M Control Klebsiella  spp + Salmonella TyphiS. Braenderup ST22Non-Typhi organism detected22306_3_89 ERR3332656 - - - - - - 27 S 6 R 32 S 31 S 28 S 36 S 27 S 6 R 6 R 6 R

MB1832 MB1363 13-01-16 Blood Mbagathi hospitalKayole No 6 yrs. 9 mo. M Case Salmonella TyphiS. Typhi Included 22306_3_88 ERR3332655 4.3.1.2.EA2 - - - - gyrB-S464F 30 S 28 S 36 S 34 S 32 S 33 S 24 S 28 S 34 S 20 S

MCC1582 MCC1175 03-09-15 Blood City council Motomoto Yes 3 yrs. 11 mo. F Case Salmonella TyphiS. Typhi Included 22306_3_86 ERR3332653 4.3.1.2.EA2 - - - - gyrB-S464F 27 S 6 R 28 S 30 S 30 S 28 I 17 I 26 S 6 R 6 R

MCC17 MCC0035 06-03-14 Stool City council Quarry Yes 2 yrs. 3 mo. M Case Klebsiella  spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_85 ERR3332652 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 6 R 30 S 29 S 30 S 33 S 22 S 6 R 6 R 6 R

MR304 MR0072C 30-09-13 Stool Ruben Kosovo Yes 7 yrs. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_75 ERR3332648 4.3.1.2.EA2 - - - - gyrB-S464F 27 S 27 S 32 S 30 S 28 S 27 I 16 I 25 S 31 S 27 S

MB1970 MB1468 09-02-16 Stool Mbagathi hospitalKibera No 9 yrs. 4 mo. F Control Citrobacter spp + Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_73 ERR3332647 - - - - - - 27 S 25 S 31 S 30 S 28 S 33 S 25 S 24 S 33 S 6 R

MR1806 MR0671A 03-07-14 Stool Ruben Rurii Yes 11 yrs. 4 mo. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_68 ERR3332643 4.3.1.1.EA1 - - - - - 31 S 30 S 34 S 34 S 30 S 34 S 26 S 27 S 32 S 20 S

MMM1784 MMM1202B 09-07-14 Stool Njenga Quarry Yes 4 yrs. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_67 ERR3332642 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 34 S 6 R 38 S 38 S 32 S 32 S 24 S 9 R 6 R 6 R

MMM736 MMM0657 13-02-14 Blood Njenga Tassia No 7 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_66 ERR3332641 4.3.1.1.EA1 - - - - - 30 S 30 S 33 S 33 S 30 S 33 S 26 S 26 S 32 S 24 S

MR400 MR0151A 29-10-13 Blood Ruben - - 2 yrs. 11 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_65 ERR3332640 - - - - - - 28 S 6 R 25 I 32 S 23 S 35 S 24 S 23 S 6 R 29 S

MMM1726 MMM1176B 24-06-14 Stool Njenga Motomoto Yes 8 yrs. 6 mo. M Control Klebsiella  spp + Salmonella TyphiS. Typhi Included 22306_3_58 ERR3332636 2.5.0 - - - - - 30 S 25 S 34 S 32 S 30 S 34 S 25 S 24 S 34 S 26 S

MB56 MB0038 10-10-14 Blood Mbagathi hospitalPhase 5 No 10 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_57 ERR3332635 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 32 S 6 R 36 S 34 S 30 S 26 I 6 R 28 S 6 R 6 R

MMM182 MMM0172 03-09-13 Stool Njenga Vietnam Yes 6 yrs. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_56 ERR3332634 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 23 S 6 R 35 S 34 S 31 S 33 S 27 S 6 R 6 R 6 R

MR1644 MR0568C 11-06-14 Stool Ruben Rurii Yes 2 yrs. 6 mo. F Case Salmonella typhimuriumS. Typhi Included in H58 phylogeny22306_3_55 ERR3332633 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 30 S 26 S 36 S 34 S 30 S 34 S 27 S 6 R 6 R 23 S

MCC819 MCC0617 27-08-14 Stool City council Wapewape Yes 1 yrs. 4 mo. F Control E. coli spp+ Salmonella TyphiS. Typhimurium ST19Non-Typhi organism detected22306_3_54 ERR3332632 - - - - - - 26 S 26 S 29 S 29 S 28 S 36 S 23 S 24 S 28 S 20 S

MCC823 MCC0626 01-09-14 Stool City council Motomoto Yes 1 yrs. 3 mo. F Control Salmonella TyphiE. coli Non-Typhi organism detected22306_3_47 ERR3332628 - - - - - - 19 I 6 R 32 S 31 S 25 S 25 I 6 R 6 R 6 R 20 S

MR274 MR0063C 26-09-13 Stool Ruben Rurii Yes 13 yrs. 2 mo. F Control E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_38 ERR3332623 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 30 S 6 R 40 S 36 S 30 S 26 I 6 R 28 S 6 R 6 R

MB2304 MB1711 11-04-16 Stool Mbagathi hospitalRuai No 4 yrs. 8 mo. F Control Salmonella TyphiS. Typhimurium ST313Non-Typhi organism detected22306_3_31 ERR3332619 - - - - - - 27 S 6 R 30 S 28 S 27 S 31 S 24 S 22 S 6 R 25 S

MB1296 MB0962 11-08-15 Blood Mbagathi hospitalRuai No 4 yrs. 2 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22306_3_27 ERR3332617 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 33 S 6 R 33 S 32 S 29 S 26 I 6 R 27 S 6 R 6 R

MB2241 MB1667 22-03-16 Stool Mbagathi hospitalSouth B No 12 yrs. 6 mo. M Control Proteus spp + Salmonella TyphiS. Typhi Included 22306_3_12 ERR3332605 4.1.1 - - - - - 29 S 26 S 32 S 29 S 30 S 33 S 26 S 28 S 29 S 22 S

MB1570 MB1150 01-10-15 Blood Mbagathi hospitalDandora No 10 yrs. 7 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_9 ERR3332603 - - - - - - 29 S 6 R 32 S 32 S 28 S 33 S 24 S 6 R 6 R 6 R

MMM3530 MMM2359A 06-07-15 Stool Njenga Wapewape Yes 5 yrs. F Control Salmonella TyphiSalmonella spp.Non-Typhi organism detected22306_3_6 ERR3332602 - - - - - - 27 S 6 R 29 S 27 S 23 S 27 I 17 I 23 S 22 S 21 S

MCC2442 MCC1821 17-03-16 Stool City council Imara Daima No 4 yrs. 6 mo. F Control Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22306_3_3 ERR3332601 - - - - - - 28 S 15 I 24 I 32 S 27 S 31 S 25 S 26 S 29 S 21 S

MR766 MR0300A 16-01-14 Blood Ruben Rurii Yes 7 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_274ERR3332596 4.3.1.1.EA1 - - - - - 29 S 29 S 36 S 30 S 30 S 34 S 26 S 27 S 34 S 29 S

MMM5295 MMM3732A 05-07-16 Stool Njenga Tassia No 1 yrs. 4 mo. M Control Pseudomonas spp + Salmonella TyphiProteus spp. Non-Typhi organism detected22204_7_269ERR3332594 - - - - - - 29 S 16 I 32 S 32 S 29 S 38 S 25 S 25 S 25 S 25 S

MMM5285 MMM3680A 05-07-16 Stool Njenga Riara Yes 1 yrs. 6 mo. M Control Proteus spp + Salmonella TyphiS. Typhimurium ST19Non-Typhi organism detected22204_7_268ERR3332593 - - - - - - 25 S 23 S 29 S 29 S 24 S 34 S 22 S 9 R 24 S 23 S

MB345 MB0254 17-02-15 Blood Mbagathi hospitalSouth B No 6 yrs. 5 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_258ERR3332591 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 32 S 9 R 34 S 33 S 30 S 27 I 6 R 24 S 6 R 20 S

MB651 MB0501 27-04-15 Stool Mbagathi hospitalHuruma No 7 yrs. 2 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_256ERR3332589 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 29 S 6 R 33 S 30 S 30 S 26 I 18 I 6 R 6 R 6 R

MMM2746 MMM1742A 26-02-15 Blood Njenga Sisal Yes 4 yrs. 2 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_243ERR3332587 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 30 S 6 R 40 S 36 S 30 S 26 I 6 R 28 S 6 R 6 R

MCC1259 MCC0932 03-06-15 Blood City council AA/MCC Yes 3 yrs. M Case Proteus  spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_239ERR3332586 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 32 S 30 S 27 S 26 I 18 I 6 R 25 S 6 R

MCC1306 MCC0976 12-06-15 Stool City council 48 Yes 5 yrs. 4 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_237ERR3332585 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 22 S 6 R 33 S 28 S 29 S 31 S 19 S 6 R 6 R 6 R

MR3122 MR1183C 21-05-15 Stool Ruben Rurii Yes 1 yrs. 7 mo. F Control E. coli spp+ Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_232ERR3332584 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 23 S 6 R 33 S 33 S 28 S 26 I 17 I 6 R 6 R 6 R

MB3020 MB2255 09-11-16 Blood Mbagathi hospital 56 No 7 yrs. 8 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_208ERR3332581 4.3.1.2.EA2 - - - - gyrB-S464F 31 S 29 S 32 S 33 S 28 S 30 S 20 S 27 S 34 S 27 S

MR4882 MR2300A 17-11-16 Blood Ruben Railway Yes 3 yrs. 2 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_207ERR3332580 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 31 S 6 R 32 S 30 S 27 S 23 I 6 R 24 S 9 R 6 R

MCC3224 MCC2392 26-09-16 Blood City council Quarry Yes 7 yrs. 8 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_193ERR3332578 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 29 S 6 R 31 S 31 S 30 S 33 S 22 S 6 R 6 R 6 R

MR4803 MR2245A 25-10-16 Stool Ruben Railway Yes 7 yrs. 6 mo. M Case E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_188ERR3332577 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 30 S 6 R 22 R 30 S 28 S 26 I 6 R 26 S 6 R 6 R

MB2900 MB2171 11-10-16 Blood Mbagathi hospitalKibra/Li-i No 1 yrs. 10 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_185ERR3332576 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 24 S 6 R 32 S 32 S 30 S 32 S 26 S 26 S 6 R 6 R

MR4747 MR2207A 11-10-16 Blood Ruben Falcon Yes 11 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_184ERR3332575 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 29 S 6 R 33 S 32 S 28 S 34 S 26 S 27 S 6 R 6 R

MMM5825 MMM3963A 24-10-16 Blood Njenga Pipeline Yes 2 yrs. 3 mo. M Case E. coli spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_181ERR3332574 4.3.1.2.EA2 - - - - gyrB-S464F 25 S 27 S 32 S 30 S 28 S 30 S 17 I 24 S 30 S 23 S

MMM5775 MMM3886B 13-10-16 Blood Njenga Pipeline Yes 3 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_180ERR3332573 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 26 S 6 R 31 S 29 S 22 S 32 S 23 S 14 I 6 R 22 S

MB1022 MB0768 29-06-15 Stool Mbagathi hospitalWaithaka No 2 yrs. 9 mo. M Control Klebsiella spp + Enterococcus spp + Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22204_7_171ERR3332568 - - - - - - 30 S 25 S 31 S 30 S 28 S 32 S 25 S 25 S 27 S 20 S

MMM466 MMM0427 11-11-13 Stool Njenga 48 Yes 3 yrs. 11 mo. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_161ERR3332562 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 30 S 30 S 32 S 30 S 29 S 33 S 25 S 25 S 30 S 17 I

MR1919 MR0690A 24-07-14 Blood Ruben Lungalunga No 5 yrs. 8 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22204_7_152ERR3332561 - - - - - - 29 S 6 R 33 S 34 S 30 S 35 S 25 S 6 R 11 I 6 R

MMM158 MMM0152 29-08-13 Stool Njenga Imara Daima No 6 yrs. M Control Proteus spp + Salmonella TyphiS. Typhi Included 22204_7_150ERR3332559 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 tetB gyrB-S464F 31 S 6 R 33 S 32 S 30 S 32 S 20 S 6 R 6 R 6 R

MB1826 MB1353 11-01-16 Stool Mbagathi hospitalburuburu No 8 yrs. 4 mo. M Control Shigella spp + Salmonella TyphiS. Typhi Included 22204_7_147ERR3332557 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 tetB gyrB-S464F 30 S 12 R 32 S 30 S 30 S 29 I 18 I 6 R 6 R 6 R

MMM149 MMM0143 29-08-13 Stool Njenga Wapewape Yes 4 yrs. F Control Klebsiella spp  + Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_146ERR3332556 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 34 S 32 S 28 S 27 I 15 I 6 R 6 R 6 R

MB2094 MB1560 01-03-16 Blood Mbagathi hospitalSisal Yes 6 yrs. 3 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_145ERR3332555 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 32 S 6 R 31 S 30 S 30 S 33 S 26 S 27 S 6 R 6 R

MCC2037 MCC1517 27-01-16 Blood City council Vietnam Yes 7 yrs. 1 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22204_7_135ERR3332553 - - - - - - 30 S 6 R 35 S 33 S 30 S 35 S 27 S 6 R 6 R 6 R

MB1710 MB1270 03-11-15 Stool Mbagathi hospitalKibera No 2 yrs. 11 mo. M Control Salmonella TyphiEnterobacter spp.Non-Typhi organism detected22204_7_133ERR3332552 - - - - - - 25 S 6 R 27 S 28 S 20 I 31 S 22 S 21 S 27 S 14 I

MCC1165 MCC0876 24-04-15 Stool City council AA/MCC Yes 1 yrs. 2 mo. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_130ERR3332551 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 29 S 11 R 32 S 30 S 28 S 26 I 18 I 6 R 6 R 15 I

MB2019 MB1502 18-02-16 Stool Mbagathi hospitalShauri moyo No 4 yrs. F Control E. coli spp+  Salmonella TyphiE. coli/Salmonella spp. ST3007Non-Typhi organism detected22204_7_123ERR3332549 - - - - - - 28 S 6 R 29 S 31 S 20 I 32 S 24 S 21 S 6 R 26 S

MB988 MB0741 23-06-15 Blood Mbagathi hospitalKibera No 2 yrs. 1 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_122ERR3332548 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 23 S 6 R 32 S 29 S 27 S 26 I 17 I 23 S 6 R 6 R

MB520 MB0395 26-03-15 Stool Mbagathi hospitalKawangware No 5 yrs. 6 mo. M Control Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22204_7_117ERR3332547 - - - - - - 24 S 13 R 25 I 27 S 25 S 32 S 20 S 6 R 6 R 18 S

MB562 MB0428 08-04-15 Stool Mbagathi hospitalKibera No 11 yrs. 9 mo. F Control Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_115ERR3332546 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 30 S 30 S 29 S 28 I 17 I 6 R 6 R 6 R

MMM3370 MMM2228A 11-06-15 Stool Njenga 48 Yes 4 yrs. 6 mo. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_111ERR3332545 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 24 S 6 R 34 S 30 S 27 S 24 I 17 I 6 R 6 R 7 R

MB1807 MB1337 23-11-15 Stool Mbagathi hospitalKibera No 3 yrs. 11 mo. M Case Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_107ERR3332543 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 32 S 11 R 34 S 32 S 30 S 27 I 6 R 26 S 6 R 6 R

MB1765 MB1282 13-11-15 Blood Mbagathi hospitalDagoretti No 8 yrs. 9 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_105ERR3332542 4.3.1.2.EA2 - - - - gyrB-S464F 26 S 26 S 28 S 27 S 28 S 31 S 22 S 29 S 25 S 23 S

MMM4189 MMM2868A 11-11-15 Stool Njenga Pipeline Yes 1 yrs. 2 mo. F Control Salmonella  TyphiS. Typhi Included in H58 phylogeny22204_7_104ERR3332541 4.3.1.2.EA2 Yes Untypeable - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 10 R 26 S 30 S 29 S 32 S 23 S 10 R 6 R 6 R

MR3893 MR1587A 08-02-16 Stool Ruben Sisal Yes 5 mo. F Case E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_97 ERR3332539 4.3.1.1.EA1 - - - - gyrA-S83Y 27 S 27 S 30 S 30 S 28 S 21 I 6 R 24 S 29 S 27 S

MR610 MR0234A 27-11-13 Blood Ruben - No 3 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_278ERR2909612 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 32 S 30 S 27 S 25 I 18 I 6 R 6 R 6 R

MR542 MR0142B 21-11-13 Stool Ruben Pipeline Yes 13 yrs. 9 mo. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_277ERR2909611 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 28 S 6 R 22 R 26 S 18 I 21 I 17 I 6 R 6 R 6 R

MR4065 MR1698A 09-03-16 Stool Ruben Kosovo Yes 9 yrs. 11 mo. F Case Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_272ERR2909608 4.3.1.2.EA2 - - - - gyrB-S464F 30 S 24 S 33 S 30 S 28 S 26 I 18 I 26 S 31 S 28 S

MR3744 MR1526C 07-10-15 Stool Ruben Gatoto Yes 3 yrs. 6 mo. F Control Pseudomonas spp + Enterobacter clocea + Salmonella TyphiS. Haifa ST49 Non-Typhi organism detected24276_3_262ERR2909598 - - - - - - 29 S 26 S 28 S 32 S 28 S 34 S 26 S 22 S 29 S 27 S

MR3183 MR1205C 03-06-15 Blood Ruben Rurii Yes 11 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_256ERR2909592 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 27 S 6 R 30 S 28 S 30 S 32 S 22 S 6 R 6 R 20 S

MR2826 MR1055A 05-03-15 Stool Ruben Feed the childrenYes 1 yrs. F Control Citrobacter spp + Salmonella TyphiS. Typhimurium ST19Non-Typhi organism detected24276_3_251ERR2909587 - - - - - - 26 S 24 S 30 S 28 S 27 S 32 S 24 S 24 S 28 S 23 S

MR253 MR0112A 23-09-13 Stool Ruben Ruben Yes 4 yrs. F Control E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_249ERR2909585 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 29 S 6 R 33 S 31 S 30 S 26 I 18 I 6 R 6 R 6 R

MR252 MR0050C 23-09-13 Stool Ruben Rurii Yes 3 yrs.6 mo. M Case E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_248ERR2909584 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 25 S 6 R 20 R 20 I 20 I 25 I 18 I 21 S 6 R 6 R

MR251 MR0048C 23-09-13 Stool Ruben Falcon Yes 7 yrs. 3 mo. M Control E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_247ERR2909583 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 6 R 30 S 30 S 28 S 25 I 18 I 6 R 6 R 6 R

MR1046 MR0385A 03-03-14 Stool Ruben Rurii Yes 2 yrs. 6 mo. F Control E. coli spp+ Salmonella enteritidisS. Typhi Included in H58 phylogeny24276_3_244ERR2909580 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 27 S 25 S 34 S 32 S 26 S 33 S 25 S 26 S 30 S 23 S

MMM87 MMM0082 16-08-13 Stool Njenga Riara Yes 5 yrs.10 mo. F Case Salmonella Typhi + E. coli sppS. Enteritidis ST11Non-Typhi organism detected24276_3_242ERR2909578 - - - - - - 22 S 22 S 30 S 26 S 26 S 24 I 11 R 20 S 6 R 24 S

MMM60 PMMM0044 12-08-13 Blood Njenga Mukuru kwa NjengaYes 4 yrs. F Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_241ERR2909577 - - - - - - 30 S 15 I 30 S 30 S 30 S 32 S 22 S 6 R 6 R 6 R

MMM4447 MMM3044A 08-02-16 Blood Njenga Vietnam Yes 6 yrs. 4 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_226ERR2909568 4.3.1.1.EA1 - - - - gyrA-S83Y 28 S 27 S 32 S 32 S 29 S 23 I 6 R 25 S 30 S 27 S

MMM4342 MMM2970A 21-01-16 Blood Njenga 48 Yes 9 yrs. F Case Salmonella TyphiS. Typhi Included 24276_3_223ERR2909565 3.0.0 - - - - - 26 S 13 R 30 S 28 S 20 I 33 S 29 S 21 S 33 S 27 S

MMM3602 MMM2407A 13-07-15 Stool Njenga Donholm No 2 yrs. 6 mo. F Case Klebsiella  spp + Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_215ERR2909558 - - - - - - 25 S 22 S 28 S 27 S 26 S 32 S 23 S 24 S 27 S 19 S

MMM354 MMM0330 12-10-13 Blood Njenga Vietnam Yes 5 yrs.3 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_214ERR2909557 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrA-S83F 29 S 6 R 30 S 28 S 30 S 23 I 6 R 6 R 6 R 6 R

MMM3404 MMM2244A 16-06-15 Blood Njenga Wapewape Yes 2 yrs. 11 mo. F Case Salmonella TyphiS. Typhi Included 24276_3_213ERR2909556 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1	blaTEM-1 gyrA-S83Y 25 S 6 R 31 S 27 S 29 S 30 S 20 S 6 R 6 R 6 R

MMM3241 MMM2096A 25-05-15 Blood Njenga Motomoto Yes 3 yrs. 11 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_210ERR2909555 - - - - - - 28 S 18 S 30 S 30 S 30 S 31 S 22 S 21 S 27 S 26 S

MMM3228 MMM2108A 20-05-15 Blood Njenga AA/MCC Yes 1 yrs. 10 mo. F Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_209ERR2909554 - - - - - - 24 S 13 R 28 S 29 S 32 S 22 I 18 I 22 S 32 S 23 S

MMM2606 MMM1635A 09-02-15 Blood Njenga Riara Yes 11 yrs. 4 mo. M Case Salmonella TyphiS. Typhi Included 24276_3_205ERR2909551 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 32 S 6 R 36 S 33 S 31 S 27 I 6 R 26 S 6 R 6 R

MMM2605 MMM1639A 06-02-15 Blood Njenga Pipeline Yes 1 yrs. 8 mo. F Case Salmonella EnteritidisS. Enteritidis ST11Included in counts as Typhi24276_3_204ERR2909550 - - - - - - 29 S 24 S 33 S 33 S 27 S 34 S 25 S 17 S 30 S 22 S

MMM2545 MMM1598A 29-01-15 Stool Njenga Tajmall Yes 3 yrs. 6 mo. M Control E. coli spp + Salmonella  TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_203ERR2909549 - - - - - - 29 S 6 R 33 S 32 S 32 S 27 I 6 R 24 S 6 R 6 R

MMM134 MMM0121 26-08-13 Blood Njenga Motomoto Yes 7 yrs. F Case Salmonella TyphiS. Saintpaul ST4971Non-Typhi organism detected24276_3_199ERR2909545 - - - - - - 28 S 25 S 31 S 32 S 30 S 34 S 25 S 25 S 30 S 22 S

MMM123 MMM0113 21-08-13 Stool Njenga Sisal Yes 2 yrs. M Control Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_198ERR2909544 - - - - - - 30 S 26 S 36 S 30 S 28 S 34 S 26 S 26 S 30 S 20 S

MMM114 MMM0107 20-08-13 Stool Njenga Riara Yes 5 yrs. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_197ERR2909543 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 6 R 30 S 30 S 29 S 32 S 21 S 6 R 6 R 20 S

MCC689 MCC0511 28-07-14 Blood City council AA/MCC Yes 11 mo. F Case Salmonella enteritidisS. Typhi Included 24276_3_195ERR2909541 3.0.0 - - - - - 33 S 33 S 34 S 33 S 33 S 34 S 32 S 30 S 33 S 23 S

MCC594 MCC0445 08-07-14 Stool City council Motomoto Yes 10 yrs. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_194ERR2909540 4.3.1.1.EA1 - - - - - 30 S 28 S 35 S 32 S 29 S 33 S 26 S 26 S 31 S 25 S

MCC340 MCC0236 28-04-14 Blood City council Wapewape Yes 4 yrs. 4 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_193ERR2909539 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 35 S 33 S 28 S 32 S 22 S 6 R 6 R 6 R

MCC2509 MCC1868 06-04-16 Stool City council 48 Yes 5 yrs. 10 mo. M Case Citrobacter spp + Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_185ERR2909537 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 24 S 6 R 33 S 31 S 30 S 28 I 18 I 6 R 6 R 6 R

MCC2454 MCC1829 29-03-16 Stool City council Motomoto Yes 6 yrs. 9 mo. M Case E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_184ERR2909536 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 14 I 28 S 29 S 30 S 32 S 22 S 6 R 6 R 6 R

MCC2219 MCC1650 22-02-16 Blood City council Vietnam Yes 4 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_182ERR2909534 4.3.1.2.EA2 - - - - gyrB-S464F 30 S 28 S 32 S 32 S 31 S 30 S 19 S 28 S 33 S 28 S

MCC2121 MCC1580 08-02-16 Blood City council Pipeline Yes 4 yrs. 6 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_180ERR2909532 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 28 S 6 R 34 S 33 S 28 S 35 S 26 S 6 R 6 R 20 S

MCC2070 MCC1540 02-02-16 Stool City council Tassia No 9 yrs. 2 mo. M Control E. coli spp+ Salmonella TyphiE. coli Non-Typhi organism detected24276_3_178ERR2909530 - - - - - - 28 S 24 S 30 S 32 S 28 S 32 S 25 S 6 R 6 R 25 S

MCC2040 MCC1519 28-01-16 Blood City council Kware Yes 5 yrs. 11 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_177ERR2909529 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 6 R 30 S 30 S 30 S 32 S 21 S 6 R 6 R 6 R

MCC1637 MCC1215 01-10-15 Stool City council Pipeline Yes 1 yrs. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_171ERR2909523 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 27 S 6 R 32 S 30 S 28 S 33 S 22 S 6 R 6 R 6 R

MCC1505 MCC1120 13-08-15 Stool City council Motomoto Yes 5 yrs. 8 mo. M Case E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_170ERR2909522 4.3.1.2.EA2 - - - - gyrB-S464F 30 S 6 R 32 S 31 S 30 S 31 S 24 S 6 R 6 R 6 R

MCC1367 MCC1017 02-07-15 Stool City council Motomoto Yes 3 yrs. 8 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_168ERR2909520 4.3.1.2.EA2 - - - - gyrB-S464F 28 S 28 S 34 S 31 S 31 S 28 I 16 I 27 S 32 S 28 S

MCC1269 MCC0946 04-06-15 Stool City council Tassia No 6 yrs. 6 mo. M Case E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_167ERR2909519 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 23 S 6 R 33 S 30 S 30 S 30 S 18 I 6 R 6 R 6 R

MCC1123 MCC0832 30-03-15 Blood City council AA/MCC Yes 3 yrs. 1 mo. F Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_165ERR2909517 - - - - - - 27 S 24 S 30 S 32 S 27 S 34 S 23 S 24 S 28 S 27 S

MCC1034 MCC0782 16-10-14 Stool City council Quarry Yes 2 yrs. 6 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_164ERR2909516 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 6 R 36 S 33 S 30 S 31 S 21 S 6 R 6 R 6 R

MB935 MB0709 15-06-15 Stool Mbagathi hospitalRunda estateNo 12 yrs. 1 mo. M Case E. coli spp+ Proteus spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_163ERR2909515 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 25 S 6 R 30 S 26 S 27 S 26 I 16 I 6 R 6 R 6 R

MB885 MB0665 08-06-15 Blood Mbagathi hospitalGithurai No 6 yrs. 8 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_162ERR2909514 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 33 S 31 S 30 S 29 I 17 I 6 R 6 R 6 R

MB883 MB0667 08-06-15 Blood Mbagathi hospitalSatellite No 4 yrs. 3 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_161ERR2909513 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 27 S 6 R 30 S 30 S 29 S 30 S 20 S 6 R 6 R 6 R

MB804 MB0593 26-05-15 Blood Mbagathi hospitalGikomba No 1 yrs. 10 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_160ERR2909512 4.3.1.2.EA2 - - - - gyrB-S464F 23 S 21 S 34 S 32 S 26 S 28 I 18 I 22 S 30 S 22 S

MB693 MB0529 05-05-15 Stool Mbagathi hospitalThika road No 12 yrs. 4 mo. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_159ERR2909511 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 29 S 8 R 30 S 30 S 28 S 26 I 18 I 6 R 6 R 6 R

MB630 MB0483 21-04-15 Stool Mbagathi hospitalMakadara No 11 yrs. 5 mo. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_157ERR2909509 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 27 S 6 R 31 S 30 S 26 S 24 I 18 I 6 R 6 R 6 R

MB469 MB0354 17-03-15 Stool Mbagathi hospitalNgong No 7 yrs. 4 mo. F Control Proteus spp + Klebsiella spp + Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_155ERR2909508 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 25 S 10 R 30 S 30 S 29 S 28 I 18 I 6 R 6 R 6 R

MB428 MB0326 09-03-15 Stool Mbagathi hospitalKiserian No 5 yrs. 5 mo. M Control E. coli spp+ Klebsiella spp + Salmonella TyphiS. Typhi Included 24276_3_154ERR2909507 2.5.0 - - - - - 36 S 32 S 34 S 34 S 28 S 32 S 25 S 25 S 29 S 26 S

MB423 MB0322 04-03-15 Stool Mbagathi hospitalPumwani No 3 yrs. 4 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_153ERR2909506 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 6 R 35 S 32 S 25 S 25 I 17 I 6 R 6 R 6 R

MB360 MB0261 19-02-15 Blood Mbagathi hospitalKibera No 1 yrs. 3 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_152ERR2909505 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 27 S 6 R 30 S 27 S 30 S 32 S 28 S 26 S 6 R 6 R

MB240 MB0176 15-01-15 Blood Mbagathi hospitalLungalunga No 6 yrs. 11 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_142ERR2909503 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 31 S 6 R 34 S 32 S 30 S 32 S 26 S 27 S 6 R 6 R

MB229 MB0168 13-01-15 Stool Mbagathi hospitalKawangware No 9 yrs. 9 mo. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_141ERR2909502 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 26 S 6 R 33 S 31 S 28 S 25 I 6 R 24 S 6 R 6 R

MB2176 MB1622 14-03-16 Blood Mbagathi hospitalKawangware No 3 yrs. 7 mo. M Case Salmonella TyphiS. Typhimurium ST313Non-Typhi organism detected24276_3_138ERR2909499 - - - - - - 30 S 6 R 31 S 28 S 30 S 32 S 28 S 25 S 6 R 6 R

MB2064 MB1536 24-02-16 Blood Mbagathi hospitalTassia No 7 yrs. 6 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_135ERR2909496 4.3.1.2.EA2 - - - - gyrB-S464F 30 S 30 S 34 S 32 S 32 S 27 I 15 I 27 S 34 S 32 S

MB2061 MB1533 24-02-16 Stool Mbagathi hospitalKibera No 7 yrs.  11 mo.M Case E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_134ERR2909495 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 32 S 16 I 34 S 32 S 30 S 32 S 20 S 28 S 6 R 6 R

MB2027 MB1510 22-02-16 Stool Mbagathi hospitalKitengela No 5 yrs. 3 mo. F Control Citrobacter spp + Salmonella TyphiEnterobacter spp.Non-Typhi organism detected24276_3_131ERR2909492 - - - - - - 28 S 18 S 29 S 30 S 24 S 30 S 16 I 23 S 28 S 25 S

MB1976 MB1473 10-02-16 Blood Mbagathi hospitalDa-ora Phase 4No 5 yrs. 4 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_129ERR2909490 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 30 S 6 R 31 S 30 S 30 S 27 I 18 I 6 R 6 R 6 R

MB1895 MB1407 26-01-16 Blood Mbagathi hospitalKawangware No 12 yrs. 6 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_126ERR2909487 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 28 S 6 R 31 S 31 S 30 S 32 S 28 S 6 R 6 R 17 I

MB1881 MB1398 25-01-16 Blood Mbagathi hospitalGatoto Yes 6 yrs. 10 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_125ERR2909486 - - - - - - 30 S 6 R 32 S 32 S 28 S 32 S 26 S 6 R 6 R 15 I

MB1793 MB1328 17-11-15 Blood Mbagathi hospitalFeed the childrenYes 5 yrs. 4 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_122ERR2909483 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 30 S 6 R 30 S 30 S 28 S 32 S 20 S 27 S 6 R 6 R

MB1650 MB1188 21-10-15 Blood Mbagathi hospitalKirinyaga roadNo 5 yrs. 4 mo. M Case Salmonella TyphiS. Typhi Included 24276_3_118ERR2909479 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 tetB - 30 S 6 R 31 S 31 S 28 S 32 S 25 S 6 R 6 R 6 R

MB1602 MB1167 12-10-15 Blood Mbagathi hospitalGatoto Yes 8 yrs. 3 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_117ERR2909478 - - - - - - 28 S 24 S 30 S 31 S 29 S 33 S 25 S 23 S 28 S 28 S

MB1544 MB1116 28-09-15 Blood Mbagathi hospitalDandora No 4 yrs. 3 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_116ERR2909477 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 28 S 6 R 32 S 31 S 27 S 31 S 26 S 26 S 6 R 6 R

MB1464 MB1083 14-09-15 Stool Mbagathi hospitalKibera No 9 yrs. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_115ERR2909476 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 31 S 6 R 33 S 29 S 32 S 31 S 21 S 6 R 6 R 6 R

MB1404 MB1028 28-08-15 Blood Mbagathi hospitalKibera No 5 yrs. 10 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny24276_3_113ERR2909474 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 30 S 6 R 31 S 30 S 28 S 28 I 18 I 24 S 6 R 6 R

MB1397 MB1017 27-08-15 Blood Mbagathi hospitalHighrise No 8 yrs. 7 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_112ERR2909473 - - - - - - 26 S 19 S 29 S 30 S 25 S 32 S 20 S 20 S 26 S 16 I

MB1237 MB0919 31-07-15 Blood Mbagathi hospitalRongai No 3 yrs. 6 mo. M Case Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected24276_3_111ERR2909472 - - - - - - 26 S 20 S 30 S 30 S 24 S 32 S 19 S 19 S 22 S 15 I

MR573 MR0244A 26-11-13 Stool Ruben - - 2 yrs. 1 mo. M Case Klebsiella spp + Salmonella TyphiCitrobacter spp.Non-Typhi organism detected22306_3_62 ERR2533841 - - - - - - 25 S 16 I 25 I 26 S 21 S 25 I 18 I 21 S 25 S 20 S

MR3895 MR1588A 08-02-16 Stool Ruben Railway Yes 1 yrs. 7 mo. M Case E. coli spp+ Salmonella TyphiE.coli/Salmonella spp. ST3007Non-Typhi organism detected22204_7_264ERR2525518 - - - - - - 27 S 18 S 30 S 26 S 30 S 31 S 28 S 25 S 28 S 22 S

MB698 MB0536 07-05-15 Stool Mbagathi hospitalKibera No 7 yrs. 6 mo. F Control Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_262ERR2525516 4.3.1.2.EA2 - - - - gyrB-S464F 27 S 33 S 30 S 30 S 26 S 32 S 20 S 6 R 22 S 22 S

MB1015 MB0748 29-06-15 Blood Mbagathi hospitalKawangware No 2 yrs. 7 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_261ERR2525515 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB - 21 S 6 R 27 S 28 S 27 S 32 S 23 S 6 R 6 R 6 R

MR2824 MR1066C 05-03-15 Stool Ruben Riara Yes 4 yrs. 1 mo. F Case E. coli spp+ Salmonella TyphiS. Heidelberg ST15Non-Typhi organism detected22204_7_253ERR2525510 - - - - - - 27 S 24 S 30 S 30 S 30 S 31 S 24 S 25 S 28 S 20 S

MMM2903 MMM1857A 18-03-15 Blood Njenga AA/MCC Yes 11 yrs. M Case S. epidermidis + Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_251ERR2525508 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 31 S 7 R 33 S 32 S 28 S 25 I 6 R 26 S 6 R 13 R

MR3127 MR1198C 21-05-15 Stool Ruben Simbacool Yes 3 yrs. 4 mo. M Control Salmonella TyphiEnterobacter spp.Non-Typhi organism detected22204_7_241ERR2525503 - - - - - - 24 S 10 R 30 S 27 S 21 S 27 I 18 I 20 S 25 S 25 S

MCC1301 MCC0971 12-06-15 Stool City council Transami Yes 10 yrs. 3 mo. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_236ERR2525501 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 25 S 6 R 27 S 28 S 27 S 26 I 16 I 6 R 6 R 6 R

MR3228 MR1260A 09-06-15 Stool Ruben Gatoto Yes 5 mo. M Case Citrobacter spp + Salmonella TyphiCitrobacter spp.Non-Typhi organism detected22204_7_234ERR2525500 - - - - - - 25 S 21 S 30 S 30 S 22 S 29 I 15 I 21 S 25 S 27 S

MB777 MB0594 21-05-15 Stool Mbagathi hospitalGikomba No 1 yrs. 10 mo. M Case Salmonella TyphiProteus spp. Non-Typhi organism detected22204_7_231ERR2525498 - - - - - - 28 S 6 R 36 S 34 S 30 S 17 R 6 R 8 R 6 R 21 S

MMM3353 MMM2209A 09-06-15 Stool Njenga Vietnam Yes 3 yrs. 5 mo. F Case E. coli spp  + Salmonella  TyphiS. Typhimurium ST313Non-Typhi organism detected22204_7_230ERR2525497 - - - - - - 20 I 6 R 34 S 32 S 29 S 38 S 25 S 6 R 6 R 6 R

MB308 MB0230 04-02-15 Blood Mbagathi hospitalLine saba No 7 yrs. 10 mo. M Case Salmonella TyphiS. Typhi Included 22204_7_226ERR2525495 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 - 30 S 6 R 35 S 34 S 30 S 33 S 27 S 27 S 6 R 6 R

MR2983 MR1165A 13-04-15 Stool Ruben Simbacool Yes 9 mo. F Control E. coli spp+ Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_223ERR2525493 4.3.1.2.EA2 Yes Untypeable - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 25 S 6 R 30 S 30 S 25 S 22 I 18 I 6 R 6 R 12 R

MR3070 MR1207A 12-05-15 Stool Ruben Gatoto Yes 1 yrs. 4 mo. M Control Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_219ERR2525491 4.3.1.2.EA3 - - near_cyaA catA1 dfrA7 strA strB sul2 sul1 blaTEM-1 gyrA-S83Y 31 S 10 R 34 S 32 S 30 S 26 I 6 R 27 S 6 R 9 R

MMM2458 MMM1517A 14-01-15 Stool Njenga Wapewape Yes 2 yrs. 1 mo. M Case Salmonella enteritidisS. Typhi Included 22204_7_217ERR2525489 4.3.1.2.EA3 - - - - gyrA-S83Y 31 S 9 R 34 S 32 S 28 S 34 S 26 S 23 S 6 R 21 S

MR2608 MR0579B 14-01-15 Blood Ruben Wapewape Yes 3 yrs. 6 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_216ERR2525488 4.3.1.1.EA1 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrA-D87G 29 S 6 R 31 S 31 S 30 S 25 I 12 R 6 R 6 R 6 R

MMM4551 MMM3140A 25-02-16 Blood Njenga Tassia No 14 yrs. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_215ERR2525487 4.3.1.1.EA1 - - - - gyrA-S83F 28 S 27 S 30 S 28 S 28 S 26 I 6 R 25 S 27 S 22 S

MB402 MB0307 02-03-15 Stool Mbagathi hospitalKayole No 5 yrs. 4 mo. M Control E. coli spp+ Salmonella TyphiS. Enteritidis ST11Non-Typhi organism detected22204_7_213ERR2525486 - - - - - - 24 S 6 R 22 R 30 S 28 S 35 S 21 S 6 R 6 R 6 R

MMM4077 MMM2781A 19-10-15 Stool Njenga Motomoto Yes 5 yrs. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_210ERR2525484 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 29 S 6 R 33 S 32 S 30 S 27 I 18 I 6 R 6 R 6 R

MB1674 MB1240 26-10-15 Stool Mbagathi hospitalMwiki No 6 yrs. 1 mo. F Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_209ERR2525483 4.3.1.2.EA2 Yes 6 - catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 tetB gyrB-S464F 28 S 25 S 31 S 31 S 25 S 31 S 28 S 24 S 27 S 20 S

MCC1781 MCC1325 09-11-15 Stool City council AA/MCC Yes 3 yrs. 9 mo. F Control Salmonella paratyphi AS. Typhi Included in H58 phylogeny22204_7_142ERR2525481 4.3.1.1.EA1 - - near_cyaA catA1 dfrA7 strA strB sul1 sul2 blaTEM-1 - 30 S 20 S 36 S 34 S 27 S 36 S 26 S 6 R 6 R 19 S

MR4066 MR1699A 09-03-16 Blood Ruben Mombasa Yes 11 yrs. 9 mo. M Case Salmonella TyphiS. Typhi Included in H58 phylogeny22204_7_95 ERR2525467 4.3.1.1.EA1 - - - - gyrA-S83F 30 S 28 S 32 S 32 S 29 S 25 I 6 R 27 S 32 S 27 S

MMM5497 MMM3819A 15-08-16 Stool Njenga Riara Yes 15 yrs. M Control E. coli spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 25 S 19 S 30 S 27 S 25 S 37 S 26 S 23 S 23 S 26 S

MB1828 MB1355 12-01-16 Stool Mbagathi hospitalSouth B No 8 yrs. 7 mo. M Control Salmonella TyphiFailed sequencingFailed sequencing- - - - - - - - 30 S 6 R 31 S 32 S 29 S 34 S 25 S 25 S 6 R 6 R

MR4489 MR2008A 18-07-16 Stool Ruben Falcon Yes 5 yrs. 7 mo. F Case Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 24 S 13 R 28 S 26 S 21 S 34 S 23 S 22 S 25 S 24 S

MR4425 MR1963A 28-06-16 Stool Ruben Kosovo Yes 1 yrs. 6 mo. F Case Proteus spp  + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 24 S 19 S 29 S 27 S 21 S 34 S 22 S 21 S 27 S 6 R

MCC2992 MCC2229 26-07-16 Stool City council Wapewape Yes 8 yrs. 2 mo. M Control E. coli spp+ Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 27 S 22 S 32 S 29 S 26 S 33 S 23 S 24 S 28 S 26 S

MCC652 MCC0493 17-07-14 Stool City council AA/MCC Yes 5 yrs. 9 mo. F Case Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 28 S 6 R 33 S 30 S 29 S 33 S 21 S 6 R 6 R 10 R

MMM5498 MMM3820A 15-08-16 Stool Njenga Pipeline Yes 2 yrs. 1 mo. F Control Klebsiella spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 23 S 6 R 28 S 27 S 21 S 33 S 23 S 19 S 25 S 21 S

MCC284 MCC0208 14-04-14 Stool City council Pipeline Yes 9 mo. M Control Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 27 S 6 R 32 S 31 S 28 S 32 S 24 S 6 R 6 R 6 R

MCC3126 MCC2322 30-08-16 Stool City council Pipeline Yes 6 yrs. F Control Proteus spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 28 S 23 S 30 S 31 S 24 S 32 S 24 S 22 S 6 R 24 S

MB2849 MB2136 28-09-16 Blood Mbagathi hospitalKibra No 4 yrs. 3 mo. M Case S. epidermidis + Salmonella TyphiFailed sequencingFailed sequencing- - - - - - - - 29 S 6 R 28 S 30 S 28 S 32 S 24 S 24 S 6 R 6 R

MCC3120 MCC2317 29-08-16 Stool City council 48 Yes 4 yrs. M Control Klebsiella spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 25 S 18 S 30 S 28 S 24 S 32 S 22 S 21 S 26 S 24 S

MR4578 MR2088A 15-08-16 Stool Ruben Riara Yes 11 mo. F Case E. coli spp+ Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 25 S 6 R 28 S 27 S 22 S 32 S 24 S 6 R 6 R 23 S

MB2719 MB2036 16-08-16 Stool Mbagathi hospitalKibera No 9 yrs. 11 mo. M Control Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 27 S 6 R 33 S 30 S 28 S 31 S 24 S 21 S 6 R 6 R

MMM5435 MMM3788B 01-08-16 Stool Njenga Quarry Yes 5 mo. M Case Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 24 S 6 R 27 S 27 S 21 S 31 S 23 S 21 S 6 R 22 S

MCC3094 MCC2298 16-08-16 Stool City council Motomoto Yes 4 yrs. 6 mo. M Control Klebsiella spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 26 S 6 R 30 S 27 S 20 I 31 S 19 S 18 S 22 S 31 S

MCC3123 MCC2319 29-08-16 Stool City council Pipeline Yes 3 yrs. 8 mo. F Case Citrobacter spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 6 R 6 R 25 I 24 S 23 S 29 I 6 R 6 R 6 R 26 S

MCC3027 MCC2252 01-08-16 Stool City council AA/MCC Yes 2 yrs. 11 mo. M Case Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 30 S 19 S 31 S 28 S 21 S 29 I 17 I 21 S 26 S 25 S

MCC3064 MCC2278 09-08-16 Stool City council AA/MCC Yes 12 yrs. 2 mo. M Control Proteus spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 26 S 19 S 29 S 30 S 24 S 28 I 6 R 21 S 6 R 24 S

MR4507 MR2019A 18-07-16 Stool Ruben Falcon Yes 9 yrs. 9 mo. M Control Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 30 S 6 R 38 S 24 S 26 S 26 I 6 R 6 R 6 R 28 S

MMM4896 MMM3436A 25-04-16 Stool Njenga Sisal Yes 8 mo. F Case E. coli spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 26 S 6 R 32 S 30 S 25 S 26 I 18 I 6 R 6 R 27 S

MMM2445 MMM1506A 12-01-15 Stool Njenga Motomoto Yes 4 yrs. M Case Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 28 S 12 R 32 S 30 S 29 S 25 I 6 R 24 S 6 R 6 R

MMM5472 MMM3806A 10-08-16 Stool Njenga Wapewape Yes 11 yrs. M Case E. coli spp + Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 31 S 6 R 34 S 30 S 28 S 25 I 6 R 27 S 15 I 6 R

MCC3025 MCC2251 01-08-16 Stool City council Vietnam Yes 6 yrs. 3 mo. F Case Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 30 S 6 R 30 S 32 S 25 S 24 I 17 I 6 R 6 R 24 S

MMM5495 MMM3818A 15-08-16 Blood Njenga Tassia No 5 yrs. 8 mo. F Case Salmonella TyphiNot sequencedNot sequenced- - - - - - - - 26 S 25 S 30 S 31 S 26 S 23 I 6 R 26 S 30 S 24 S
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Supplementary Table 2 – Outgroup sequences used in this study (excel file) 1086 
 1087 
Lane_id Accession_number Genotype Year Country  Publication 1088 
10593_2_44 ERR360657 0.0.1  1998 Cameroon Wong et al 2015 1089 
10562_2_20 ERR357775 0.0.2  2011 Indonesia Wong et al 2015 1090 
10349_1_89 ERR343337 0.0.3  2002 India  Wong et al 2015 1091 
10592_2_36 ERR360484 0.1.0  2009 Algeria  Wong et al 2015 1092 
10592_2_57 ERR360505 0.1.1  2001 Cameroon Wong et al 2015 1093 
10593_2_55 ERR360668 0.1.2  1999 Algeria  Wong et al 2015 1094 
10592_2_38 ERR360486 0.1.3  1998 Peru  Wong et al 2015 1095 
10593_2_14 ERR360627 1.1.1  2005 Algeria  Wong et al 2015 1096 
10071_3_32 ERR338008 1.1.2  2007 South Africa Wong et al 2015 1097 
10592_2_63 ERR360511 1.1.3  1976 DRC  Wong et al 2015 1098 
10493_1_28 ERR352453 1.1.4  2011 Unknown Wong et al 2015 1099 
10561_2_77 ERR357652 1.2.1  1993 Vietnam  Wong et al 2015 1100 
10592_2_5 ERR360453 2.0.0  2003 Pakistan  Wong et al 2015 1101 
10592_2_2 ERR360450 2.0.1  2003 Pakistan  Wong et al 2015 1102 
10349_1_73 ERR343321 2.0.2  2011 Mexico  Wong et al 2015 1103 
10541_2_8 ERR357445 2.1.0  2011 East Timor Wong et al 2015 1104 
10060_5_18 ERR331221 2.1.1  2006 Indonesia Wong et al 2015 1105 
10349_1_3 ERR343251 2.1.2  2002 Western Asia Wong et al 2015 1106 
10071_3_76 ERR338052 2.1.3  2004 Indonesia Wong et al 2015 1107 
10349_1_2 ERR343250 2.1.4  2002 Western Asia Wong et al 2015 1108 
10493_1_42 ERR352467 2.1.5  2011 Indonesia Wong et al 2015 1109 
10060_5_49 ERR331252 2.1.6  2009 Indonesia Wong et al 2015 1110 
10562_2_49 ERR357804 2.1.7  1993 Papua New GuineaWong et al 2015 1111 
9953_5_54 ERR326650 2.1.8  2006 Indonesia Wong et al 2015 1112 
9953_5_57 ERR326653 2.1.9  2007 Indonesia Wong et al 2015 1113 
10060_6_73 ERR331370 2.2.0  2006 Tanzania Wong et al 2015 1114 
10493_1_15 ERR352440 2.2.1  2012 India  Wong et al 2015 1115 
10562_2_12 ERR357767 2.2.2  2011 India  Wong et al 2015 1116 
10209_5_36 ERR340792 2.2.3  2002 Laos  Wong et al 2015 1117 
9475_4_57 ERR279353 2.2.4  2004 India  Wong et al 2015 1118 
10593_2_56 ERR360669 2.3.1  2007 Cameroon Wong et al 2015 1119 
10592_2_59 ERR360507 2.3.2  1999 Mali  Wong et al 2015 1120 
10593_2_49 ERR360662 2.3.3  2000 Bangladesh Wong et al 2015 1121 
9953_5_69 ERR326665 2.3.4  2010 Laos  Wong et al 2015 1122 
10493_1_70 ERR352495 2.3.5  1983 Fiji  Wong et al 2015 1123 
10071_3_68 ERR338044 2.4.0  2009 South Africa Wong et al 2015 1124 
10071_3_40 ERR338016 2.4.1  2006 South Africa Wong et al 2015 1125 
10349_1_5 ERR343253 2.5.0  2002 India  Wong et al 2015 1126 
10561_2_5 ERR357580 2.5.1  2011 DRC  Wong et al 2015 1127 
10060_5_34 ERR331237 3.0.0  2011 Indonesia Wong et al 2015 1128 
10593_2_45 ERR360658 3.0.1  2000 Morocco  Wong et al 2015 1129 
10541_2_6 ERR357443 3.0.2  2012 India  Wong et al 2015 1130 
10593_2_18 ERR360631 3.1.0  2002 China  Wong et al 2015 1131 
10593_2_58 ERR360671 3.1.1  2004 Benin  Wong et al 2015 1132 
9953_5_15 ERR326611 3.1.2  2010 Indonesia Wong et al 2015 1133 
10060_6_66 ERR331363 3.2.1  2010 Laos  Wong et al 2015 1134 
10592_2_25 ERR360473 3.2.2  2003 Pakistan  Wong et al 2015 1135 
10592_2_17 ERR360465 3.3.0  2003 Pakistan  Wong et al 2015 1136 
7468_7_78 ERR108677 3.3.1  2009 Tanzania Wong et al 2015 1137 
9953_5_93 ERR326689 3.4.0  2008 Laos  Wong et al 2015 1138 
8490_6_44 ERR213262 3.5.0  1996 Fiji  Wong et al 2015 1139 
10493_1_76 ERR352501 3.5.1  1985 Fiji  Wong et al 2015 1140 
10060_6_15 ERR331312 3.5.2  2010 Laos  Wong et al 2015 1141 
10492_1_5 ERR352258 3.5.3  2010 Samoa  Wong et al 2015 1142 
10071_8_55 ERR338124 3.5.4  2012 Samoa  Wong et al 2015 1143 
10071_8_60 ERR338129 4.1.0  2012 Samoa  Wong et al 2015 1144 
9475_6_92 ERR279189 4.1.1  2006 Malawi  Wong et al 2015 1145 
8490_6_49 ERR213267 4.2.0  1996 Fiji  Wong et al 2015 1146 
8447_8_28 ERR204271 4.2.1  2008 Fiji  Wong et al 2015 1147 
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8490_5_25 ERR213243 4.2.2  2011 Fiji  Wong et al 2015 1148 
8490_6_61 ERR213279 4.2.3  1994 Fiji  Wong et al 2015 1149 
 1150 
 1151 
Supplementary Table 3 – Kenyan sequences used in temporal analyses (excel file) 1152 

Lane.and.tree_ID Accession_number Genotype Year Date Country Publication  

16404_4_5 ERR984707 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_75 ERR984776 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_36 ERR984827 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_43 ERR984834 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_67 ERR984858 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_7_4 ERR1010003 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_46 ERR984748 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_59 ERR984761 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_65 ERR984767 4.3.1.1 2013 01-07-13 Kenya Park et al. 2018 

16404_4_66 ERR984768 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_73 ERR984774 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_80 ERR984781 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_87 ERR984788 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_89 ERR984790 4.3.1.1 2013 01-07-13 Kenya Park et al. 2018 

16404_5_35 ERR984826 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_37 ERR984828 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_44 ERR984835 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_45 ERR984836 4.3.1.1 2013 01-07-13 Kenya Park et al. 2018 

16404_5_51 ERR984842 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_52 ERR984843 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_53 ERR984844 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_60 ERR984851 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_68 ERR984859 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_76 ERR984867 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_77 ERR984868 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_84 ERR984875 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 
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16404_5_85 ERR984876 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_7_18 ERR1010016 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_7_20 ERR1010018 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_7_23 ERR1010021 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_1 ERR1010089 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_10 ERR1010098 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_16 ERR1010104 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_17 ERR1010105 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_18 ERR1010106 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_2 ERR1010090 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_31 ERR1010119 4.3.1.1 2013 01-07-13 Kenya Park et al. 2018 

16549_8_33 ERR1010121 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_47 ERR1010133 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_48 ERR1010134 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_54 ERR1010140 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_63 ERR1010148 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_8 ERR1010096 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_9 ERR1010097 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_75 ERR984866 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_82 ERR984783 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_4_53 ERR984755 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_26 ERR1010114 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_59 ERR984850 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_5_61 ERR984852 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_6_3 ERR984885 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16404_6_35 ERR984917 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_25 ERR1010113 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

16549_8_7 ERR1010095 4.3.1.1 2013 01-07-13 Kenya Park et al. 2018 

16549_8_71 ERR1010156 4.3.1.1 2012 01-07-12 Kenya Park et al. 2018 

10071_8_62 ERR338131 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 
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10071_8_63 ERR338132 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

10071_8_64 ERR338133 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_67 ERR338136 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

10071_8_68 ERR338137 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_70 ERR338139 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

10071_8_71 ERR338140 4.3.1.1 2009 01-07-09 Kenya Wong et al. 2016 

10071_8_72 ERR338141 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_74 ERR338143 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

10071_8_76 ERR338145 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_78 ERR338147 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

10071_8_79 ERR338148 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_82 ERR338151 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

10071_8_83 ERR338152 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_88 ERR338157 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_90 ERR338159 4.3.1.1 2009 01-07-09 Kenya Wong et al. 2016 

10071_8_91 ERR338160 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

10071_8_94 ERR338163 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

10071_8_95 ERR338164 4.3.1.1 2007 01-07-07 Kenya Wong et al. 2016 

8525_2_54 ERR212564 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_30 ERR212636 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_32 ERR212638 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_33 ERR212639 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_34 ERR212640 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_37 ERR212643 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_40 ERR212646 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_42 ERR212648 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_45 ERR212651 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_46 ERR212652 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_47 ERR212653 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_48 ERR212654 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 
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8525_3_49 ERR212655 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_51 ERR212657 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_53 ERR212659 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_54 ERR212660 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_55 ERR212661 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_56 ERR212662 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_58 ERR212664 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_59 ERR212665 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_60 ERR212666 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_61 ERR212667 4.3.1.1 2008 01-07-08 Kenya Wong et al. 2016 

8615_4_29 ERR217406 4.3.1.1 2004 01-07-04 Kenya Wong et al. 2016 

16404_4_39 ERR984741 4.3.1.2 2013 01-07-13 Kenya Park et al. 2018 

16404_5_69 ERR984860 4.3.1.2 2013 01-07-13 Kenya Park et al. 2018 

16549_7_5 ERR1010004 4.3.1.2 2013 01-07-13 Kenya Park et al. 2018 

16549_8_34 ERR1010122 4.3.1.2 2013 01-07-13 Kenya Park et al. 2018 

10071_8_65 ERR338134 4.3.1.2 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_66 ERR338135 4.3.1.2 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_69 ERR338138 4.3.1.2 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_77 ERR338146 4.3.1.2 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_80 ERR338149 4.3.1.2 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_81 ERR338150 4.3.1.2 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_89 ERR338158 4.3.1.2 2007 01-07-07 Kenya Wong et al. 2016 

10071_8_92 ERR338161 4.3.1.2 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_31 ERR212637 4.3.1.2 2008 01-07-08 Kenya Wong et al. 2016 

8525_3_71 ERR212677 4.3.1.2 2001 01-07-01 Kenya Wong et al. 2016 

22204_7_274 ERR3332596 4.3.1.1 2014 16-01-14 Kenya This study  

24276_3_143 ERR3332776 4.3.1.2 2016 18-07-16 Kenya This study  

22306_3_253 ERR3332773 4.3.1.2 2016 11-07-16 Kenya This study  

22306_3_248 ERR3332770 4.3.1.2 2014 22-09-14 Kenya This study  

22306_3_247 ERR3332769 4.3.1.1 2014 15-09-14 Kenya This study  
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22306_3_244 ERR3332766 4.3.1.2 2016 13-07-16 Kenya This study  

22306_3_228 ERR3332758 4.3.1.2 2014 08-09-14 Kenya This study  

22306_3_225 ERR3332755 4.3.1.1 2014 10-03-14 Kenya This study  

22306_3_218 ERR3332750 4.3.1.1 2015 12-03-15 Kenya This study  

22306_3_207 ERR3332746 4.3.1.1 2014 21-07-14 Kenya This study  

22306_3_206 ERR3332745 4.3.1.1 2013 03-09-13 Kenya This study  

22306_3_205 ERR3332744 4.3.1.1 2013 23-09-13 Kenya This study  

22306_3_204 ERR3332743 4.3.1.2 2014 05-03-14 Kenya This study  

22306_3_200 ERR3332740 4.3.1.2 2014 26-05-14 Kenya This study  

22306_3_197 ERR3332737 4.3.1.1 2014 01-09-14 Kenya This study  

24276_3_244 ERR2909580 4.3.1.2 2014 03-03-14 Kenya This study  

22306_3_191 ERR3332731 4.3.1.2 2013 07-12-13 Kenya This study  

22306_3_188 ERR3332729 4.3.1.2 2014 03-04-14 Kenya This study  

22306_3_185 ERR3332727 4.3.1.2 2014 05-03-14 Kenya This study  

22306_3_184 ERR3332726 4.3.1.1 2014 16-06-14 Kenya This study  

22204_8_178 ERS3403506 4.3.1.1 2013 04-09-13 Kenya This study  

22306_3_177 ERR3332719 4.3.1.2 2013 04-09-13 Kenya This study  

24276_3_194 ERR2909540 4.3.1.1 2014 08-07-14 Kenya This study  

22306_3_85 ERR3332652 4.3.1.2 2014 06-03-14 Kenya This study  

22306_3_75 ERR3332648 4.3.1.2 2013 30-09-13 Kenya This study  

22306_3_68 ERR3332643 4.3.1.1 2014 03-07-14 Kenya This study  

22306_3_67 ERR3332642 4.3.1.2 2014 09-07-14 Kenya This study  

22306_3_66 ERR3332641 4.3.1.1 2014 13-02-14 Kenya This study  

22306_3_56 ERR3332634 4.3.1.1 2013 03-09-13 Kenya This study  

22306_3_55 ERR3332633 4.3.1.1 2014 11-06-14 Kenya This study  

22306_3_38 ERR3332623 4.3.1.1 2013 26-09-13 Kenya This study  

24276_3_113 ERR2909474 4.3.1.1 2015 28-08-15 Kenya This study  

22306_3_27 ERR3332617 4.3.1.2 2015 11-08-15 Kenya This study  

22306_3_164 ERR3332709 4.3.1.2 2015 23-07-15 Kenya This study  

24276_3_184 ERR2909536 4.3.1.2 2016 29-03-16 Kenya This study  
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22306_3_155 ERR3332701 4.3.1.1 2015 08-07-15 Kenya This study  

22306_3_147 ERR3332694 4.3.1.1 2016 03-05-16 Kenya This study  

24276_3_168 ERR2909520 4.3.1.2 2015 02-07-15 Kenya This study  

22306_3_140 ERR3332691 4.3.1.2 2015 02-07-15 Kenya This study  

22306_3_138 ERR3332690 4.3.1.2 2015 03-07-15 Kenya This study  

24276_3_116 ERR2909477 4.3.1.1 2015 28-09-15 Kenya This study  

22306_3_129 ERR3332685 4.3.1.2 2016 13-06-16 Kenya This study  

22306_3_126 ERR3332684 4.3.1.2 2014 23-07-14 Kenya This study  

24276_3_185 ERR2909537 4.3.1.2 2016 06-04-16 Kenya This study  

22306_3_116 ERR3332677 4.3.1.1 2016 07-06-16 Kenya This study  

22306_3_115 ERR3332676 4.3.1.1 2016 02-06-16 Kenya This study  

22306_3_108 ERR3332669 4.3.1.2 2015 08-07-15 Kenya This study  

22306_3_96 ERR3332662 4.3.1.2 2014 04-02-14 Kenya This study  

22306_3_93 ERR3332660 4.3.1.2 2016 11-01-16 Kenya This study  

22306_3_92 ERR3332659 4.3.1.2 2015 02-11-15 Kenya This study  

24276_3_171 ERR2909523 4.3.1.2 2015 01-10-15 Kenya This study  

24276_3_170 ERR2909522 4.3.1.2 2015 13-08-15 Kenya This study  

24276_3_214 ERR2909557 4.3.1.1 2013 12-10-13 Kenya This study  

24276_3_115 ERR2909476 4.3.1.2 2015 14-09-15 Kenya This study  

24276_3_277 ERR2909611 4.3.1.1 2013 21-11-13 Kenya This study  

24276_3_249 ERR2909585 4.3.1.2 2013 23-09-13 Kenya This study  

24276_3_129 ERR2909490 4.3.1.2 2016 10-02-16 Kenya This study  

24276_3_126 ERR2909487 4.3.1.1 2016 26-01-16 Kenya This study  

24276_3_180 ERR2909532 4.3.1.1 2016 08-02-16 Kenya This study  

22204_7_161 ERR3332562 4.3.1.1 2013 11-11-13 Kenya This study  

24276_3_278 ERR2909612 4.3.1.2 2013 27-11-13 Kenya This study  

24276_3_248 ERR2909584 4.3.1.2 2013 23-09-13 Kenya This study  

24276_3_197 ERR2909543 4.3.1.2 2013 20-08-13 Kenya This study  

24276_3_256 ERR2909592 4.3.1.1 2015 03-06-15 Kenya This study  

24276_3_177 ERR2909529 4.3.1.2 2016 28-01-16 Kenya This study  
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24276_3_155 ERR2909508 4.3.1.1 2015 17-03-15 Kenya This study  

24276_3_247 ERR2909583 4.3.1.2 2013 23-09-13 Kenya This study  

24276_3_159 ERR2909511 4.3.1.2 2015 05-05-15 Kenya This study  

24276_3_193 ERR2909539 4.3.1.2 2014 28-04-14 Kenya This study  

24276_3_164 ERR2909516 4.3.1.2 2014 16-10-14 Kenya This study  

22204_7_146 ERR3332556 4.3.1.2 2013 29-08-13 Kenya This study  

22204_7_145 ERR3332555 4.3.1.1 2016 01-03-16 Kenya This study  

24276_3_122 ERR2909483 4.3.1.1 2015 17-11-15 Kenya This study  

22204_7_142 ERR2525481 4.3.1.1 2015 09-11-15 Kenya This study  

24276_3_135 ERR2909496 4.3.1.2 2016 24-02-16 Kenya This study  

24276_3_226 ERR2909568 4.3.1.1 2016 08-02-16 Kenya This study  

24276_3_153 ERR2909506 4.3.1.2 2015 04-03-15 Kenya This study  

24276_3_157 ERR2909509 4.3.1.2 2015 21-04-15 Kenya This study  

22204_7_130 ERR3332551 4.3.1.1 2015 24-04-15 Kenya This study  

22204_7_122 ERR3332548 4.3.1.1 2015 23-06-15 Kenya This study  

22204_7_115 ERR3332546 4.3.1.2 2015 08-04-15 Kenya This study  

22204_7_111 ERR3332545 4.3.1.2 2015 11-06-15 Kenya This study  

22204_7_107 ERR3332543 4.3.1.2 2015 23-11-15 Kenya This study  

22204_7_105 ERR3332542 4.3.1.2 2015 13-11-15 Kenya This study  

22204_7_104 ERR3332541 4.3.1.2 2015 11-11-15 Kenya This study  

22204_7_97 ERR3332539 4.3.1.1 2016 08-02-16 Kenya This study  

24276_3_272 ERR2909608 4.3.1.2 2016 09-03-16 Kenya This study  

22204_7_95 ERR2525467 4.3.1.1 2016 09-03-16 Kenya This study  

22204_7_262 ERR2525516 4.3.1.2 2015 07-05-15 Kenya This study  

22204_7_261 ERR2525515 4.3.1.1 2015 29-06-15 Kenya This study  

22204_7_258 ERR3332591 4.3.1.2 2015 17-02-15 Kenya This study  

22204_7_256 ERR3332589 4.3.1.2 2015 27-04-15 Kenya This study  

22204_7_251 ERR2525508 4.3.1.2 2015 18-03-15 Kenya This study  

22204_7_243 ERR3332587 4.3.1.2 2015 26-02-15 Kenya This study  

24276_3_152 ERR2909505 4.3.1.1 2015 19-02-15 Kenya This study  
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22204_7_239 ERR3332586 4.3.1.2 2015 03-06-15 Kenya This study  

24276_3_160 ERR2909512 4.3.1.2 2015 26-05-15 Kenya This study  

24276_3_162 ERR2909514 4.3.1.2 2015 08-06-15 Kenya This study  

22204_7_237 ERR3332585 4.3.1.2 2015 12-06-15 Kenya This study  

22204_7_236 ERR2525501 4.3.1.2 2015 12-06-15 Kenya This study  

24276_3_163 ERR2909515 4.3.1.2 2015 15-06-15 Kenya This study  

22204_7_232 ERR3332584 4.3.1.2 2015 21-05-15 Kenya This study  

22204_7_223 ERR2525493 4.3.1.2 2015 13-04-15 Kenya This study  

22204_7_219 ERR2525491 4.3.1.2 2015 12-05-15 Kenya This study  

24276_3_142 ERR2909503 4.3.1.1 2015 15-01-15 Kenya This study  

24276_3_141 ERR2909502 4.3.1.2 2015 13-01-15 Kenya This study  

22204_7_216 ERR2525488 4.3.1.1 2015 14-01-15 Kenya This study  

22204_7_215 ERR2525487 4.3.1.1 2016 25-02-16 Kenya This study  

24276_3_161 ERR2909513 4.3.1.2 2015 08-06-15 Kenya This study  

22204_7_210 ERR2525484 4.3.1.2 2015 19-10-15 Kenya This study  

24276_3_167 ERR2909519 4.3.1.2 2015 04-06-15 Kenya This study  

22204_7_209 ERR2525483 4.3.1.2 2015 26-10-15 Kenya This study  

24276_3_134 ERR2909495 4.3.1.1 2016 24-02-16 Kenya This study  

24276_3_182 ERR2909534 4.3.1.2 2016 22-02-16 Kenya This study  

22204_7_208 ERR3332581 4.3.1.2 2016 09-11-16 Kenya This study  

22204_7_207 ERR3332580 4.3.1.2 2016 17-11-16 Kenya This study  

24276_3_146 ERR3332777 4.3.1.1 2016 03-10-16 Kenya This study  

22204_7_193 ERR3332578 4.3.1.2 2016 26-09-16 Kenya This study  

22204_7_188 ERR3332577 4.3.1.2 2016 25-10-16 Kenya This study  

24276_3_149 ERR3332778 4.3.1.1 2016 26-10-16 Kenya This study  

22204_7_185 ERR3332576 4.3.1.1 2016 11-10-16 Kenya This study  

22204_7_184 ERR3332575 4.3.1.1 2016 11-10-16 Kenya This study  

22204_7_181 ERR3332574 4.3.1.2 2016 24-10-16 Kenya This study  

24276_3_276 ERR3332782 4.3.1.2 2016 25-10-16 Kenya This study  

24276_3_150 ERR3332779 4.3.1.1 2016 03-11-16 Kenya This study  
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24276_3_238 ERR3332780 4.3.1.1 2016 10-10-16 Kenya This study  

22204_7_180 ERR3332573 4.3.1.1 2016 13-10-16 Kenya This study  

22306_3_57 ERR3332635 4.3.1.2 2014 10-10-14 Kenya This study  

 1153 

 1154 

Supplementary Table 4. Culture positive typhoid cases and asymptomatic 1155 

carriers 1156 

Typhoid Cases Total <=1 year 1-7 years 7-16 years Linear 

regression 

association with 

age (p-value) 

Febrile participants subjected to  

stool and blood culture 

4,670 630 3,299 741 - 

S. Typhi positive 148 (3.2%) 14 (2.2%) 102 (3.1%) 32 (4.3%) 0.000525* 

 - Female 49 (1.0%) 6 (0.95%) 36 (1.1%) 7 (0.94%) 0.536 

 - Male 99 (2.1%) 8 (1.3%) 66 (2.0%) 25 (3.4%) 0.0000773* 

WGS confirmed S. Typhi positive 100 (2.1%) 7 (1.1%) 67 (2.0%) 26 (3.5%) 0.0001* 

 - Female 36 (0.77%) 4 (0.63%) 25 (0.76%) 7 (0.94%) 0.508 

 - Male 64 (1.4%) 3 (0.48%) 42 (1.27%) 19 (2.6%) 0.000009* 

Asymptomatic Carriers 8,549 641 5,495 2,413 - 

Total stool cultures from non-febrile 

age-matched controls 

8,530 641 5,480 2,409 - 

S. Typhi positive 95 (1.1%) 4 (0.62%) 62 (1.1%) 29 (1.2%) 0.402 

 - Female 46 (0.54%) 3 (0.47%) 31 (0.57%) 12 (0.50%) 0.585 

 - Male 49 (0.57%) 1 (0.16%) 31 (0.57%) 17 (0.71%) 0.081 

WGS confirmed S. Typhi positive 55 (0.64%) 4 (0.62%) 31 (0.57%) 20 (0.83%) 0.256 

 - Female 29 (0.34%) 3 (0.47%) 16 (0.29%) 10 (0.42%) 0.909 

 - Male 26 (0.30%) 1 (0.16%) 15 (0.27%) 10 (0.42%) 0.127 

 1157 

 1158 

 1159 

 1160 

 1161 

 1162 

 1163 

 1164 

 1165 

 1166 

 1167 
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 1170 

 1171 

 1172 

 1173 

 1174 

 1175 

 1176 

 1177 

Supplementary Table 5 – Comparison of phenotypic and genotypic AMR profiles 1178 

of 136 (n=128 H58, n=8 Non-H58) high quality S. Typhi genome sequences  1179 

Drug_class Resistant 
phenotype* 

Resistant 
genotype 

Very 
major 
error 

Suscept
ible 
phenoty
pe 

Susceptible 
genotype 

Major 
error  

Sensitivit
y 

Specificit
y 

PPV NPV 

Beta-lactamases   

Ampicillin 100 95 5 (3.7%) 36 28 8 (5.9%) 95% 77.8 % 92.2% 84.8% 

Ceftazidime 1 0 1 (0.74%) 135 135 0 0% 100% 0% 99.3% 

Cefotaxime 4 0 4 (2.9%) 132 132 0 0% 100% 0% 97.1% 

Ceftriaxone 1 0 1 (0.74%) 135 135 0 0% 100% 0% 99.3% 

Cefpodoxime 4 0 4 (2.9%) 132 132 0 0% 100% 0% 97.1% 

Chloramphenicol   

Chloramphenico
l 

93 92 1 (0.74%) 43 32 10 (7.4%) 98.9% 74.4% 89.3% 97.0% 

Tetracyclines   

Tetracycline 69 65 4 (2.9%) 67 59 8 (5.9%) 94.2% 88.1% 89.0% 93.7% 

Folate pathway inhibitors   

Co-trimoxazole 98 96 2 (1.5%) 38 31 7 (5.1%) 98.0% 81.6% 93.2% 93.9% 

Quinolones and Fluoroquinolones   

Ciprofloxacin 63 55 8 (5.9%) 73 41 32 
(23.5%) 

87.3% 56.2% 63.2% 63.2% 

Nalidixic acid 65 21 44 
(32.4%) 

71 71 0 32.3% 100% 100% 61.7% 

*indicates where resistant and intermediate phenotypes have been combined as resistant 1180 

 1181 

 1182 

 1183 

 1184 

Supplementary Table 6 – Distribution of n=153 S. Typhi genotypes among each 1185 

sex for cases and controls 1186 

 Female Male 
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WGS-confirmed cases 35 64 

  EA1 12 (34.3%) 23 (35.9%) 

  EA2 16 (45.7%) 30 (46.9%) 

  EA3 4 (11.4%) 11 (17.9%) 

  non-H58 3 (8.57%) 0 

WGS-confirmed carriers 28 26 

  EA1 10 (35.7%) 10 (38.5%) 

  EA2 18 (64.3%) 9 (34.6%) 

  EA3 0  2 (7.69%) 

  non-H58 

 

0  5 (19.2%) 

Supplementary table 7 - Climatic predictors of elevated case and carrier counts 1187 

for all samples 1188 
Typhoid Cases 

Month Same month Previous month 2 months prior 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Rainfall 

(precipitation)  

> 75 mm 

0.65 (0.13-3.2) 0.72 0.85 (0.17-4.4) 1 2.4 (0.46-17.1) 0.29 

Minimum 

temperature  

>14°C 

0.17 (0.025-0.86) 0.022* 0.39 (0.080-1.7) 0.20 0.60 (0.13-2.6) 0.53 

Maximum 

temperature  

>26°C 

0.43 (0.094-1.8) 0.22 0.43 (0.094-1.8) 0.22 0.55 (0.12-2.3) 0.52 

Asymptomatic Carriers 

Month Same month Previous month 2 months prior 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Rainfall 

(precipitation)  

> 75 mm 

0.95 (0.19-4.5) 1 1.18 (0.23-5.9) 1 1.18 (0.23-5.9) 1 

Minimum 

temperature  

>14°C 

0.16 (0.029-0.74) 0.0095* 0.72 (0.17-3.1) 0.75 1.1 (0.26-4.7) 1 

Maximum 

temperature  

>26°C 

0.19 (0.037-0.86) 0.024* 0.30 (0.063-1.3) 0.11 0.82 (0.19-3.4) 1 

Values in cells are odds ratios and p-values for Fisher’s exact test between high case/control 1189 

count and high rainfall/temperature. * highlights p-value <0.05. 1190 

 1191 

 1192 

 1193 

Supplementary Table 8: nonsynonymous (NS) Mutations among S. Typhi isolates 1194 
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 1195 
 1196 

 1197 

 1198 
Supplementary Figure 1 1199 

Lane_and_tree_ID Accession_number Status Study_area Position_in_CT18Ancestor_AlleleDerived_AlleleCT18_Gene_NameClassification_codeGene_productFunctional_categoryCodon Ancestor_CodonDerived_CodonAncestor_Amino_AcidDerived_Amino_AcidMutation

22204_8_178 ERS3403506 Control Yes 4626124 C A ytfM/STY47684.1.0 Putative exported proteinPeriplasmic/exported/lipoproteins322 AAC AAA N K ytfM-N322K

24276_3_116 ERS1909313 Case No 4021517 G A yhjW/STY41624.1.1 putative membrane proteinInner membrane 168 GGC AGC G S yhjW-G168S

24276_3_116 ERS1909313 Case No 3385249 C T yhcP/STY35454.1.1 Putative membrame proteinInner membrane 106 TGT TAT C Y yhcP-C106Y

22204_7_236 ERS1573056 Control Yes 2171000 G A yegD/STY23380.0.2 conserved hypothetical proteinUnknown function 183 GCC ACC A T yegD-A183T

22306_3_66 ERS3403489 Case No 962807 T C ycaM/STY09671.5.0 Probable transport proteinTransport/binding protein440 TTC CTC F L ycaM-F440L

22204_7_145 ERS3403339 Case Yes 868216 T G ybiR/STY08774.1.1 Putative membrame proteinInner membrane 322 TTT GTT F V ybiR-F322V

24276_3_146 ERS3403282 Case No 662248 A G ybdQ/STY06620.0.2 Conserved hypothetical proteinUnknown function 128 TCA CCA S P ybdQ-S128P

22204_7_236 ERS1573056 Control Yes 2143349 T G wzxC/STY23144.1.4 putative transmembrane transport proteinSurface polysaccharides and antigens26 TTA TTC L F wzxC-L26F

22204_7_130 ERS3403329 Control Yes 2160205 A C wza/STY23314.1.4 Putative polysaccharide export proteinSurface polysaccharides and antigens137 GTC GGC V G wza-V137G

24276_3_129 ERS1909314 Case No 4725276 A T uxuR/STY48626.1.1 uxu operon transcriptional regulatorGlobal regulatory functions71 ATC TTC I F uxuR-I71F

24276_3_159 ERS1909348 Control No 4517487 G A tviE/STY46565.1.5 Vi polysaccharide biosynthesis protein TviE Glycosyl transferases group 1Surface polysaccharides and antigens263 CCG TCG P S tviE-P263S

24276_3_194 ERS1909377 Control Yes 4521071 G A tviD/STY46595.1.5 Vi polysaccharide biosynthesis proteinSurface polysaccharides and antigens159 CGT TGT R C tviD-R159C

24276_3_135 ERS1909320 Case No 4523895 C T tviB/STY46615.1.5 Vi polysaccharide biosynthesis protein UDP-glucose/GDP-mannose dehydrogenaseSurface polysaccharides and antigens1 GTG ATG V M tviB-V1M

24276_3_149 ERS3403283 Case No 1282526 G A trpB/STY13253.1.19 tryptophan synthase beta chainAmino acid biosynthesis35 GCG GTG A V trpB-A35V

24276_3_161 ERS1909350 Case No 4653330 G A treB/STY47941.5.37 PTS system, trehalose-specific IIBC componentTransport/binding protein323 ACC ATC T I treB-T323I

22204_7_111 ERS3403322 Control Yes 4318042 C T STY4449 4.1.0 putative lipoproteinPeriplasmic/exported/lipoproteins55 TGG TAG W * STY4449-W55*

24276_3_150 ERS3403284 Control No 4104133 C T STY4236 4.1.1 putative membrane proteinInner membrane 43 TGG TAG W * STY4236-W43*

24276_3_194 ERS1909377 Control Yes 4102295 C T STY4235 1.5.30 heavy metal-transporting ATPaseTransport/binding protein420 GGC GAC G D STY4235-G420D

24276_3_194 ERS1909377 Control Yes 3788415 G T STY3925 1.5.37 probable PTS system permeaseTransport/binding protein38 GTT TTT V F STY3925-V38F

24276_3_146 ERS3403282 Case No 3695295 G A STY3837 4.1.0 putative lipoproteinPeriplasmic/exported/lipoproteins36 GCG ACG A T STY3837-A36T

22204_7_216 ERS1573035 Case Yes 3628992 G A STY3765 0.0.0 hypothetical proteinUnknown function 377 CCG TCG P S STY3765-P377S

22306_3_185 ERS3403513 Control Yes 3471310 A C STY3618 4.1.1 Putative membrame proteinInner membrane 35 TTA GTA L V STY3618-L35V

24276_3_193 ERS1909376 Case Yes 3471046 T C STY3618 4.1.1 Putative membrame proteinInner membrane 123 ATT GTT I V STY3618-I123V

24276_3_116 ERS1909313 Case No 3170381 G T STY3325 1.1.1 methyl-accepting chemotaxis protein (pseudogene)Chemotaxis and mobility493 GCG GAG A E STY3325-A493E

24276_3_182 ERS1909371 Case Yes 3119041 G A STY3257 3.2.06 possible oxygen-independent coproporphyrinogen III oxidaseBiosynthesis of cofactors/carriers82 GAC AAC D N STY3257-D82N

24276_3_194 ERS1909377 Control Yes 2501788 C T STY2664 1.7.1 cell division proteinCell division 299 GTC ATC V I STY2664-V299I

22204_7_130 ERS3403329 Control Yes 2480004 G C STY2645 4.1.1 Putative membrame proteinInner membrane 88 GAA CAA E Q STY2645-E88Q

22204_7_274 ERS3403567 Case Yes 2399174 G T STY2563 7.0.0 putative sodium/sulphate transporterUnclassified/putative function557 TCC TAC S Y STY2563-S557Y

22204_7_216 ERS1573035 Case Yes 2333750 T C STY2499 2.2.03 DNA gyrase subunit ADNA - replication, repair, RM system87 GAC GGC D G gyrA-D87G

22306_3_207 ERS3403522 Case Yes 2333750 T C STY2499 2.2.03 DNA gyrase subunit ADNA - replication, repair, RM system87 GAC GGC D G gyrA-D87G

22204_7_232 ERS3403299 Control Yes 2194420 G A STY2361 4.1.0 putative exported proteinPeriplasmic/exported/lipoproteins100 CCA CTA P L STY2361-P100L

22204_7_207 ERS3403295 Case Yes 2051377 G A STY2216 4.1.1 putative inner membrane proteinInner membrane 397 GCC GTC A V STY2216-A397V

22306_3_66 ERS3403489 Case No 1749811 G T STY1831 0.0.2 Conserved hypothetical proteinUnknown function 110 GGA TGA G * STY1831-G110*

22204_7_274 ERS3403567 Case Yes 1670239 G A STY1750 3.3.15 putative amintransferaseCentral intermediary metabolism9 CGG TGG R W STY1750-R9W

22306_3_66 ERS3403489 Case No 1533338 T C STY1587 4.1.1 putative membrane proteinInner membrane 77 GTA GCA V A STY1587-V77A

22204_7_105 ERS3403315 Case No 1491452 A G STY1537 6.1.1 putative regulatory proteinGlobal regulatory functions42 GAC GGC D G STY1537-D42G

22204_7_208 ERS3403296 Case No 1456243 G A STY1499 0.0.0 hypothetical proteinUnknown function 187 CAA TAA Q * STY1499-Q187*

22306_3_66 ERS3403489 Case No 1410841 T C STY1460 2.1.4 putative peptidaseDegradation of proteins, peptides, glyco250 TAT CAT Y H STY1460-Y250H

22204_7_237 ERS3403300 Case Yes 1396606 C T STY1443 4.1.0 putative exported proteinPeriplasmic/exported/lipoproteins185 CAG TAG Q * STY1443-Q185*

22306_3_66 ERS3403489 Case No 1385997 T C STY1434 4.1.1 putative membrane proteinInner membrane 274 AAC AGC N S STY1434-N274S

24276_3_116 ERS1909313 Case No 1369705 C T STY1419 7.0.0 probable pyruvate-flavodoxin oxidoreductaseUnclassified/putative function613 GCG ACG A T STY1419-A613T

22204_7_216 ERS1573035 Case Yes 1239385 T C STY1284 5.1.5 putative invasinPathogenicity island-related function466 TGG CGG W R STY1284-W466R

24276_3_135 ERS1909320 Case No 1061235 A G STY1083 1.5.01 ABC transporter ATP-binding proteinTransport/binding protein64 CAG CGG Q R STY1083-Q64R

22204_7_130 ERS3403329 Control Yes 339327 G A STY0326 5.1.5 conserved hypothetical proteinPathogenicity island-related function84 TGG TGA W * STY0326-W84*

24276_3_150 ERS3403284 Control No 337744 C T STY0324 5.1.5 Rhs-family proteinPathogenicity island-related function427 CAG TAG Q * STY0324-Q427*

22204_7_216 ERS1573035 Case Yes 319124 C T STY0306 5.1.5 Putative membrame proteinPathogenicity island-related function36 CGT TGT R C STY0306-R36C

22204_7_216 ERS1573035 Case Yes 306487 C T STY0290 5.1.5 conserved hypothetical proteinPathogenicity island-related function151 CGC CAC R H STY0290-R151H

22204_7_130 ERS3403329 Control Yes 306208 C T STY0289 5.1.5 hypothetical proteinPathogenicity island-related function74 CGG CAG R Q STY0289-R74Q

22204_7_216 ERS1573035 Case Yes 1641786 G A sscA/STY17215.1.5 putative Type III secretion system chaperone proteinPathogenicity island-related function142 CTC TTC L F sscA-L142F

24276_3_194 ERS1909377 Control Yes 1874307 G A sopE2/STY19875.1.5 putative invasion-associated secreted protein  sopE=STY4609Pathogenicity island-related function9 CAG TAG Q * sopE2-Q9*

22204_7_232 ERS3403299 Control Yes 4603536 C T sgaH/STY47423.3.15 putative hexulose-6-phosphate synthaseCentral intermediary metabolism186 CAT TAT H Y sgaH-H186Y

24276_3_168 ERS1909357 Case Yes 4227390 G A rpsG/STY43514.2.2 30S ribosomal subunit protein S7Ribosome constituents 43 GTA ATA V I rpsG-V43I

22204_7_274 ERS3403567 Case Yes 4606083 G A rpsF/STY47474.2.2 30s ribosomal protein S6Ribosome constituents 9 ATG ATA M I rpsF-M9I

24276_3_194 ERS1909377 Control Yes 4794595 C T rob/STY4933 1.2.1 right origin-binding proteinChromosome replication185 CGC CAC R H STY4933-R185H

22204_7_274 ERS3403567 Case Yes 219180 C T pncB/STY02092.2.11 poly(A) polymeraseRNA synthesis/modification and DNA transcription174 AGC AAC S N pcnB-S174N

22204_7_130 ERS3403329 Control Yes 4080652 C T pitA/STY42141.5.23 putative low-affinity inorganic phosphate transporterTransport/binding protein340 CGT CAT R H STY4214-R340H

22306_3_68 ERS3403491 Control Yes 687449 C T pbpA/STY06914.1.2 penicillin-binding protein 2Murein sacculus/peptidoglycan409 GGT AGT G S mrdA-G409S

24276_3_150 ERS3403284 Control No 3892927 G T misL/STY403 5.1.5 putative virulence-associated autotransporter protein  Pathogenicity island-related function402 CGC AGC R S misL-R402S

22204_7_274 ERS3403567 Case Yes 2216980 G A metG/STY23842.2.01 methionyl-tRNA synthetaseAmino acyl tRNA synthesis & modification554 GCA ACA A T metG-A554T

24276_3_168 ERS1909357 Case Yes 4294622 T G malE/STY44251.5.03 periplasmic maltose-binding proteinTransport/binding protein340 GAC GCC D A malE-D340A

22306_3_66 ERS3403489 Case No 742865 T C kdpE/STY07436.1.1 KDP operon transcriptional regulatory proteinGlobal regulatory functions3 AAC AGC N S kdpE-N3S

22204_7_232 ERS3403299 Control Yes 2841954 G A hypf/STY29643.5.2 hydrogenase maturation proteinAnaerobic respiration 305 CCA CTA P L hydA-P305L

24276_3_150 ERS3403284 Control No 1103229 C A hpcG/STY11393.4.3 2-oxo-hepta-3-ene-1,7-dioic acid hydrataseDegradation of carbon compounts261 GCG GAG A E hpcG-A261E

22204_7_236 ERS1573056 Control Yes 2420019 G A hisJ/STY25841.5.03 histidine-binding periplasmic proteinTransport/binding protein92 TCG TTG S L hisJ-S92L

22204_7_130 ERS3403329 Control Yes 3810322 C T gyrB/STY39432.2.03 DNA gyrase subunit BDNA - replication, repair, RM system464 TCC TTC S F gyrB-S464F

24276_3_135 ERS1909320 Case No 4142147 G A glgC/STY42742.2.08 glucose-1-phosphate adenylyltransferasePolysaccharide synthesis, modification110 GGC AGC G S glgC-G110S

22306_3_66 ERS3403489 Case No 2984469 T C fucI/STY31163.4.3 L-fuculose isomeraseDegradation of carbon compounts238 TTC CTC F L fucI-F238L

24276_3_146 ERS3403282 Case No 231921 G A fhuD/STY02201.5.23 ferrichrome-binding periplasmic protein precursorTransport/binding protein246 ATG ATA M I fhuD-M246I

24276_3_135 ERS1909320 Case No 628273 G A fes/STY0629 1.5.23 enterochelin esteraseTransport/binding protein51 TGG TGA W * fes-W51*

22204_7_236 ERS1573056 Control Yes 3176266 G A exbB/STY33321.5.23 biopolymer transport ExbB proteinTransport/binding protein54 CGC TGC R C exbB-R54C

24276_3_150 ERS3403284 Control No 2038114 C T dcm/STY22002.2.03 DNA-cytosine methyltransferaseDNA - replication, repair, RM system419 GCG ACG A T dcm-A419T

22204_8_178 ERS3403506 Control Yes 1692237 C A btuC/STY17701.5.02 vitamin B12 transport system permeaseTransport/binding protein294 GCC TCC A S btuC-A294S

24276_3_135 ERS1909320 Case No 4018331 C A bisC/STY41587.0.0 biotin sulfoxide reductaseUnclassified/putative function570 CCG CAG P Q bisC-P570Q

24276_3_146 ERS3403282 Case No 3346023 G A arcB/STY35076.1.1 aerobic respiration control sensor proteinGlobal regulatory functions443 CCG CTG P L arcB-P443L

24276_3_135 ERS1909320 Case No 2169799 C T alkA/STY23372.2.03 DNA-3-methyladenine glycosidase IIDNA - replication, repair, RM system174 ATG ATA M I alkA-M174I

22204_7_274 ERS3403567 Case Yes 2551336 C T aegA/STY27177.0.0 putative oxidoreductaseUnclassified/putative function116 GCC ACC A T aegA-A116T

24276_3_197 ERS1909380 Control Yes 2551116 G T aegA/STY27177.0.0 putative oxidoreductaseUnclassified/putative function189 GCG GAG A E aegA-A189E
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