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a) Genotype prevalence by world region, 2010-2020

# &
6. Gguy Vi
» ¢ o

b) Annual genotype prevalence, for countries with at least 50 genomes

Southern Asia Southern Asia Southern Asia
Genotype
Bangladesh (N=1591) India (N=2267) Nepal (N=1275) B oA
1.00 == = — — :
498 = i | I-- =Rp=EEB illllllil= 13
. = e m2
Q.22 = IIII'II I N 202
0.00 2.1
Southern Asia South-eastern Asia South-eastern Asia 3:5'7'1
Pakistan (N=1484) Cambodia (N=221) Indonesia (N=65) gg;
1007 T e — — B 231
0175 -ll- ol | II. E 232
8'2%3 II I I I B 233
0.00 - H 234
. N 235
South-eastern Asia Eastern Africa Eastern Africa = g:gj
Philippines (N=206) Kenya (N=149) Malawi (N=558) = %‘5'2
10T eeEEEEEE | T e | == | W 31
Q.75 | N 311
0.50 1 .I W 321
0.25 1 - N 33
.00 ——=— B 33.1
Southern Africa Western Africa Western Africa = gg
South Africa (N=285) Ghana (N=68) Nigeria (N=150) = %gﬁ;
1.00 o Rl | M T BN W 3543
ozs AN I -" - I 2
0:53 I -I N 4.1
835 B 41
W 422
Central America South America Polynesia u 1:321.1
Mexico (N=58) Chile (N=97) Samoa (N=259) = 2:%1:1:5?1
TR EEEE p o
0'50 I I II I IIIII W 431211
8'68: I B 4.3.1.2.EA2
' USRI IR ) u@ Q N T L0 ,0 0 0,0 © W 43.1.26A3
SN SRR oS h R R F 43138dg

Figure 1. Global genotype prevalence estimates. Based on assumed acute cases isolated from untargeted sampling frames from 2010 onwards, with
known country of origin (total N=9478 genomes). (a) Genotype prevalence by world region, 2010-2020. Countries contributing data are shaded in beige,
and are grouped by regions as defined by the UN statistics division. (b) Annual genotype prevalence for countries with 250 genomes where typhoid is
endemic. In both plots, colours indicate prevalence of Typhi genotypes, as per inset legend. Genotypes not exceeding 20% frequency in at least one

Figure 1 continued on next page
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Figure 1 continued

country are aggregated as ‘other’. Full data on regional and national genotype prevalences, including raw counts, proportions, and 95% confidence
intervals, are given in Supplementary files 5 and 6, respectively.
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Figure 1—figure supplement 1. Genome size pre- and post-filtering, stratified by detection of an IncHI1 plasmid replicon marker. (a) All assemblies
examined (n=13,000). (b) Assemblies of genomes included in the analysis (n=12,965), inclusion criterion being size between 4.5 and 5.5 Mbp.
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Figure 1—figure supplement 2. Annual breakdown of genotypes per world region, 2010-2020, for regions with >20 representative genomes. Bars

show genotype prevalence rates observed per annum, coloured as per inset legend. Genotypes present at 220% frequency in any country are indicated

separately, rare genotypes are aggregated as ‘other’. Full data, including raw counts, proportions, and 95% confidence intervals, are available in

Supplementary file 5.
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Figure 1—figure supplement 3. Annual breakdown of genotypes per country, for countries with <50 representative genomes between 2010 and 2020.
(Note plots for countries with >50 genomes are shown in Figure 1b, full data including raw counts, proportions, and 95% confidence intervals, are in
Supplementary file 6). Bars show genotype prevalence rates observed per annum, coloured as per inset legend. Genotypes present at >20% frequency
in any country are indicated separately, rare genotypes are aggregated as ‘other’.
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Figure 1—figure supplement 4. Phylogenetic tree showing relationships amongst genotype 2.3.2 genomes. The tree is a core-genome distance-based
neighbour-joining tree generated from assemblies using Pathogenwatch, including n=164 genotype 2.3.2 genomes, outgroup rooted using a diverse
set of genomes from Ingle et al., 2021 (n=115 genomes from 16 genotypes). Tips are coloured by world region, according to inset legend; triangles
indicate genomes harbouring QRDR mutations resulting in predicted non-susceptibility to ciprofloxacin (CipNS). Clades representing putative local
clonal expansions are shaded.
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Figure 2. Prevalence of key antimicrobial resistance (AMR) genotype profiles by country. For all countries with =50 representative genomes (untargeted,
assumed acute cases) from 2010 to 2020, where typhoid is endemic. Percentage resistance values are printed for each country/drug combination,

and are coloured by categorical ranges to reflect escalating levels of concern for empirical antimicrobial use: (i) 0: no resistance detected; (i) >0 and
<2%: resistance present but rare; (i) 2-10%: emerging resistance; (iv) 10-50%: resistance common; (v) >50%: established resistance. Annual rates
underlying these summary rates are shown in Figure 3 and Supplementary file 8. Full data including counts and confidence intervals are included in
Supplementary file 8. MDR, multidrug resistant; XDR, extensively drug resistant; CipNS, ciprofloxacin non-susceptible; CipR, ciprofloxacin resistant;
CefR, ceftriaxone resistant; AziR, azithromycin resistant. Countries are grouped by geographical region.

Carey et al. eLife 2023;12:€85867. DOI: https://doi.org/10.7554/eLife.85867 8 of 23



ELlfe Research article Epidemiology and Global Health | Microbiology and Infectious Disease

MDR XDR cipNS cipR cefR aziR

Australia and New Zealand -

Melanesia -

South—eastern Asia

Southern Asia -

@

68%

Western Asia - % Resistant

Northern Europe -

Middle Africa-

B

©o
o

)

38% >0 and <2%

0000000
O €

Eastern Africa ‘
2-10%
Southern Africa -
10-50%
Western Africa -
‘ >50%

South America -

S
0
X

Caribbean

Central America - 38%

o

H
o

)

Northern America-

60

Polynesia -

Figure 2—figure supplement 1. Prevalence of key antimicrobial resistance (AMR) genotype profiles by world region, for non-targeted samples, 2010~
2020. Percentage resistance values are printed for each region/drug combination, and are coloured by categorical ranges to reflect escalating levels of
concern for empirical antimicrobial use: (i) 0: no resistance detected; (i) >0 and <2%: resistance present but rare; (iii) 2-10%: emerging resistance; (iv)
10-50%: resistance common; (v) >50%: established resistance. Full data including counts and confidence intervals are in Supplementary file 7. MDR,
multidrug resistant; XDR, extensively drug resistant; CipNS, ciprofloxacin non-susceptible; CipR, ciprofloxacin resistant; CefR, ceftriaxone resistant; AziR,
azithromycin resistant.
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Figure 2—figure supplement 2. Antimicrobial resistance (AMR) prevalence for non-targeted samples, 2010-2020. Data are shown only for countries
with N>20 isolates (others are coloured grey). Countries are coloured by the prevalence of resistance per country, as per the inset legend. MDR,
multidrug resistant; XDR, extensively drug resistant; CipNS, ciprofloxacin non-susceptible; CipR, ciprofloxacin resistant; CefR, ceftriaxone resistant; AziR,
azithromycin resistant.
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b) Annual CipNS genotype prevalence, for countries with at least 50 genomes
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Figure 2—figure supplement 3. Annual genotype prevalence amongst multidrug-resistant (MDR) and ciprofloxacin non-susceptible (CipNS) genomes.
For countries with >50 representative genomes between 2010 and 2020 and endemic typhoid. Genotypes for (a) MDR and (b) CipNS genomes are

coloured according to the inset legends; sensitive genomes of all genotypes are aggregated and coloured grey.
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Figure 2—figure supplement 4. Distribution of fluoroquinolone resistance determinants by genotype. For selected countries discussed in text.

Node size indicates total number of isolates for a given combination of genotype (row) and determinant (column); nodes are coloured to indicate the
frequency of the determinant within that genotype. Wt = wildtype; that is, no quinolone resistance determining mutations was detected in gyrA or parC
and no plasmid-borne quinolone resistance (gnr) genes were detected.
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Figure 2—figure supplement 5. Ciprofloxacin-resistant genotypes identified. Rows show all n=24 unique combinations of Typhi genotype, quinolone-
resistance determining region (QRDR) mutations (in gyrA, gyrB, parC, see Methods) and acquired plasmid-mediated quinolone resistance (PMQR)
genes (gnrB, gnrD, gnrS) identified in genomes that are predicted to result in ciprofloxacin resistance (presence of 21 QRDR mutation+>1 PMQR gene,
or presence of >3 QRDR mutations).
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Figure 3. Annual prevalence of key antimicrobial resistance (AMR) profiles. For countries with >3 years with >10 representative genomes (untargeted,

assumed acute cases) from 2000 to 2020. Data are shown only for country/year combinations with N>5 isolates. MDR, multidrug resistant; XDR,
extensively drug resistant; CipNS, ciprofloxacin non-susceptible; CipR, ciprofloxacin resistant.
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Figure 3—figure supplement 1. Annual prevalence of key antimicrobial resistance (AMR) profiles. For countries with >3 years with 210 representative
genomes (untargeted, assumed acute cases) from 2000 to 2020 and endemic typhoid. Data are shown only for country/year combinations with N>5
isolates. MDR, multidrug resistant; XDR, extensively drug resistant; CipNS, ciprofloxacin non-susceptible; CipR, ciprofloxacin resistant; CefR, ceftriaxone
resistant; AziR, azithromycin resistant.
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Figure 3—figure supplement 2. Trends in annual frequency of multidrug-resistant (MDR) genomes and proportion of MDR explained by IncHI1
plasmids. For countries with endemic typhoid and >5% MDR prevalence between 2000 and 2020.
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Figure 4. Phylogenetic tree showing position of 2015 Rwalpindi isolate, Rwp1-PK1, in context with other genomes from Pakistan. Core-genome
distance-based neighbour-joining tree generated in Pathogenwatch, using all genomes from Klemm et al., 2018 (the first genomic characterisation of
the extensively drug-resistant [XDR] outbreak clade, including outbreak strains and local context strains from Sindh Province in 2016-2017) and Rasheed
et al., 2020 (genomic report of XDR outbreak strains from Lahore in 2019). Tree tips are coloured by genotype, according to inset legend; the 2015
strain Rwp1-PK1 is labelled in the tree and indicated with a triangle. Year of isolation and presence of antimicrobial resistance (AMR) determinants are
indicated in the heatmap, according to inset legend.
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a) Distribution of acrB mutants
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Figure 5. Distribution of azithromycin resistance-associated acrB mutations detected in Typhi genomes. (a) Temporal distribution of acrB mutants. (b)
Distribution of acrB mutants by genotype and mutation. The first acrB mutant appeared in Samoa in 2007. Other mutants have appeared independently
across a range of genetic backgrounds, largely in South Asian countries, but remain at low prevalence levels overall (see Figure 2). Country of origin is

coloured as per inset label.
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a) Annual genotype prevalence, by lab
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Figure 6. Annual genotype and antimicrobial resistance (AMR) frequencies by isolating lab, for South Asian countries with multiple data sources. Labs
shown are those with >20 isolates; and years shown for each lab are those with N>5 isolates from that year. (a) Bars are coloured to indicate annual
genotype prevalence, as per inset legend. (b) Lines indicate annual frequencies of key AMR profiles, coloured by isolating laboratory as per inset
legend. MDR, multidrug resistant; XDR, extensively drug resistant; CipNS, ciprofloxacin non-susceptible; CipR, ciprofloxacin resistant; CefR, ceftriaxone
resistant. See Supplementary file 9 for three-letter laboratory code master list.
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Figure 6—figure supplement 1. Genotype prevalence estimated from different data sources, for South Asian countries. For source laboratories with
N=>20 isolates. Lines show 95% confidence interval for each proportion (prevalence) estimate; solid circles highlight the pooled point estimate for
national prevalence in each country. Lines are coloured by country as per the inset legend. See Supplementary file 9 for three-letter laboratory code

master list.

Carey et al. eLife 2023;12:€85867. DOI: https://doi.org/10.7554/eLife.85867

20 of 23



eLife

Epidemiology and Global Health | Microbiology and Infectious Disease

MDR cipNS cipR

Pakistan : Lahore (JHL) 4
Pakistan : Karachi (AKU) 4
Pakistan : *“US (CDC) -
Pakistan : *England (PHE) 4
Pakistan : *Australia (MDU)
Pakistan : (Pooled) 4

Nepal : Lalitpur (PAH)
Nepal : Dhulikhel (KUH)
Nepal : (Pooled) -

India : New Delhi (SAP) 4
India : New Delhi (CNH) 1

India : Mumbai (KHM) 4
India : Ludhiana (CML) A

India : Chandigarh (PGl)
India : Bengaluru (SJB) A

India : Andhra Pradesh (RDT)

India : *Australia (MDU) A

Bangladesh : Dhaka (ICD)
Bangladesh : Dhaka (CHR) 4
Bangladesh : Chittagong (ICD) 4
Bangladesh : *US (CDC)
Bangladesh : *England (PHE) 4
Bangladesh : *Australia (MDU) A
Bangladesh : (Pooled) A

India : Vellore (CMC)q =

India : New Delhi (All) 4 ——

India : Chennai (KKC)4 —

India: BCH-4 =
India : *US (CDC)q -

India : *New Zealand (ESR) 4 ——
India : *England (PHE) 4 =

India : (Pooled) 1 e

aziR cefR

Pakistan : Lahore (JHL) 4
Pakistan : Karachi (AKU)
Pakistan : *US (CDC) A
Pakistan : *England (PHE) 4
Pakistan : *Australia (MDU)
Pakistan : (Pooled) 4 e

Nepal : Lalitpur (PAH)
Nepal : Dhulikhel (KUH)
Nepal : (Pooled) -

India : Vellore (CMC) 4 -
India : New Delhi (SAP) 1
India : New Delhi (CNH) A
India : New Delhi (All)
India : Mumbai (KHM) -
India : Ludhiana (CML) 4
India : Chennai (KKC) -

Source laboratory

India : Bengaluru (SJB) A

India : BCH 4

India : Andhra Pradesh (RDT) A
India : *US (CDC)

India : *New Zealand (ESR) 4
India : *England (PHE)

India : *Australia (MDU) -

India : (Pooled) 4 e

Bangladesh : Dhaka (ICD) A
Bangladesh : Dhaka (CHR) 4
Bangladesh : Chittagong (ICD) A

Bangladesh : *Australia (MDU) A

India : Chandigarh (PGl)4 =

Bangladesh : *US (CDC)q —
Bangladesh : *England (PHE) 4 -

Bangladesh : (Pooled) q e

°
T T T T T
X0 N} \2) O N) N \e) N
S e PP e P S

AMR prevalence estimate (%)

2

>

%)

% e
% -

—

Country: + Bangladesh + India Nepal + Pakistan

Figure 6—figure supplement 2. Antimicrobial resistance (AMR) prevalence estimated from different sources, for South Asian countries. For source
laboratories with N>20 isolates from which to estimate prevalence. Lines show 95% confidence interval for each proportion (prevalence) estimate;
solid circles highlight the pooled point estimate for national prevalence in each country. Lines are coloured by country as per the inset legend. See

Supplementary file 9 for three-letter laboratory code master list.
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Figure 7. Genotype and antimicrobial resi

stance (AMR) prevalence rates estimated for Nigeria from different data

sources. Data are shown only for source labs with N>10 isolates from which to estimate prevalence. (a) Genotype

prevalence and (b) AMR prevalence, using

all available isolates per lab, 2010-2020. Lines show 95% confidence

interval for each proportion (prevalence) estimate. Red indicates estimates based on data from individual labs,

black indicates pooled estimates (i.e. from

all labs), as per inset legend. (¢) Annual genotype frequencies. Bars

are coloured by genotype as per inset legend. Lab abbreviations are shown in y-axis labels for panels (a—b). MDR,

Figure 7 continued on next page
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Figure 7 continued

multidrug resistant; XDR, extensively drug resistant; CipNS, ciprofloxacin non-susceptible; CipR, ciprofloxacin
resistant; CefR, ceftriaxone resistant; AziR, azithromycin resistant. See Supplementary file 9 for three-letter
laboratory code master list.

Carey et al. eLife 2023;12:€85867. DOI: https://doi.org/10.7554/eLife.85867 23 0of 23



