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Abstract

Introduction. Enteric fever (caused by Salmonella enterica serovars Typhi and Paratyphi) frequently presents as an acute, undif-
ferentiated febrile illness in returning travellers, requiring timely empirical antibiotics.

Gap Statement. Determining which empirical antibiotics to prescribe for enteric fever requires up- to- date knowledge of sus-
ceptibility patterns.

Aim. By characterising factors associated with antimicrobial resistance in cases of S. Typhi and S. Paratyphi imported to 
England, we aim to guide effective empirical treatment.

Methodology. All English isolates of S. Typhi and S. Paratyphi 2014–2019 underwent antimicrobial susceptibility testing; results 
were compared to a previous survey in London 2005–2012. Risk factors for antimicrobial resistance were analysed with logistic 
regression models to predict adjusted odds ratios (aOR) for resistance to individual antibiotics and multi- drug resistance.

Results. We identified 1088 cases of S. Typhi, 729 S. Paratyphi A, 93 S. Paratyphi B, and one S. Paratyphi C. In total, 93 % were 
imported. Overall, 90 % of S. Typhi and 97 % of S. Paratyphi A isolates were resistant to ciprofloxacin; 26 % of S. Typhi were 
multidrug resistant to ciprofloxacin, amoxicillin, co- trimoxazole, and chloramphenicol (MDR+FQ). Of the isolates, 4 % of S. Typhi 
showed an extended drug resistance (XDR) phenotype of MDR+FQ plus resistance to third- generation cephalosporins, with 
cases of XDR rising sharply in recent years (none before 2017, one in 2017, six in 2018, 32 in 2019). For S. Typhi isolates, resist-
ance to ciprofloxacin was associated with travel to Pakistan (aOR=32.0, 95 % CI: 15.4–66.4), India (aOR=21.8, 95 % CI: 11.6–41.2), 
and Bangladesh (aOR=6.2, 95 % CI: 2.8–13.6) compared to travel elsewhere, after adjusting for rising prevalence of resistance 
over time. MDR+FQ resistance in S. Typhi isolates was associated with travel to Pakistan (aOR=3.5, 95 % CI: 2.4–5.2) and less 
likely with travel to India (aOR=0.07, 95 % CI 0.04–0.15) compared to travel elsewhere. All XDR cases were imported from Paki-
stan. No isolate was resistant to azithromycin. Comparison with the 2005–2012 London survey indicates substantial increases 
in the prevalence of resistance of S. Typhi isolates to ciprofloxacin associated with travel to Pakistan (from 79–98 %) and Africa 
(from 12–60 %).

Conclusion. Third- generation cephalosporins and azithromycin remain appropriate choices for empirical treatment of enteric 
fever in most returning travellers to the UK from endemic countries, except from Pakistan, where XDR represents a significant 
risk.
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INTRODUCTION
With a global burden estimated at 14 million cases and 
136 000 deaths per year, enteric fever (caused by Salmonella 
enterica subspecies enterica serovars Typhi and Paratyphi A, 
B, and C) remains a major health concern for people living 
in or travelling to and from endemic regions [1, 2]. However, 
in many endemic settings, the risk to residents and travellers 
is difficult to ascertain: limited capacity for microbiological 
diagnostics and surveillance impedes estimates of the local 
risk of infection, and the susceptibility to antimicrobial drugs. 
Moreover, timely data on outbreaks in endemic settings are 
limited, and there is some evidence that outbreaks caused by 
multidrug resistant strains are more prolonged [3].

In settings with high standards of sanitation, almost all 
cases occur either in returning travellers or close contacts 
of travellers [4]. The clinical presentation is non- specific, 
and preventing complications requires the timely initiation 
of effective antimicrobial therapy. Therefore, antibiotics are 
often initiated empirically when a clinical suspicion of enteric 
fever is raised, or with preliminary microbiological results. 
To ensure effective treatment, clinicians and microbiologists 
must know which antibiotics are likely to be useful for a given 
traveller, before a full susceptibility profile is obtained.

Salmonella Typhi and S. Paratyphi A have rapidly devel-
oped resistance to antimicrobial agents used to treat them 
[5]. Multi- drug resistance (MDR)–traditionally defined as 
resistance to amoxicillin (or ampicillin), co- trimoxazole 
(sulphamethoxazole- trimethoprim), and chloramphen-
icol–has been recognised widely in S. Typhi isolates from 
Asia and Africa [6, 7]. This has led to widespread changes 
in prescribing practices, favouring fluoroquinolones and 
cephalosporins. In some areas, this change has been associ-
ated with a re- emergence of non- MDR strains, but in others, 
the problem has been compounded by increasing resistance 
to newly introduced drugs [5]. Resistance to ciprofloxacin 
and other fluoroquinolones is well characterised in South 
and South East Asia. Meanwhile, in Africa, ciprofloxacin is 
still widely perceived as an effective agent, though localised 
instances of fluoroquinolone resistance have been observed 
[8–10]. While third generation cephalosporins, the mainstay 
of parenteral therapy, remain an effective choice in most 
settings, there have been reports of extended spectrum beta- 
lactamase (ESBL)- producing organisms in South Asia and 
South America [11, 12]. From 2016 to 2018, an outbreak of 
extensively drug resistant (XDR) S. Typhi was identified in 
Pakistan, affecting over 5000 people, with resistance to ampi-
cillin, co- trimoxazole, chloramphenicol, fluoroquinolones, 
and third- generation cephalosporins, limiting treatment 
options still further [13].

In this investigation, we will characterise the burden and 
epidemiology of typhoidal salmonellas in England between 
2014 and 2019 and and assess the changing profiles of anti-
microbial resistance in relation to earlier surveys. In doing so, 
we seek to identify risk factors associated with antimicrobial 
resistance among travel- associated isolates, with the aim of 
informing clinical decision- making and public health action.

METHODS
Context and specimen flow
Isolates of S. Typhi and S. Paratyphi from all diagnostic 
laboratories in England are sent to the national reference 
laboratory–Public Health England Salmonella Reference 
Service (PHE SRS) within the Gastrointestinal Bacteria Refer-
ence Unit (GBRU)–for confirmation of species and further 
characterisation. Enteric fever records were collated from all 
SRS isolates of any specimen type between April 2014 and 
December 2019.

Microbiological confirmation and characterization
All presumptive enteric fever isolates were processed at 
containment level three and plated out onto MacConkey 
agar for purity checking and processing. DNA was extracted 
from each isolate using the QIAsymphony automated DNA 
extraction machine (QIAGEN, UK) and sequenced using the 
Illumina HiSeq 2500 platform in rapid run mode (2×100 base 
pair reads). Identification of Salmonella isolates using 
sequence data was performed using multiple programmes and 
pipelines as previously described [14]. Serovar determination 
was predicted using Salmonella eBURST group or Sequence 
Type and checked against a validated PHE database [14, 15].

Laboratory susceptibility testing conducted by PHE SRS 
was performed retrospectively on all isolates recovered 
from the PHE archive based on the EU protocol for moni-
toring of antimicrobial resistance [16]. Minimal Inhibitory 
Concentrations (MICs) were determined by agar dilution 
using Mueller–Hinton agar for the following antimicro-
bials: amoxicillin, azithromycin, cefoxitin, ceftazidime, 
ceftriaxone, chloramphenicol, ciprofloxacin, co- trimoxazole 
(sulphamethoxazole- trimethoprim), colistin (from January 
2016), ertapenem, tetracycline, and trimethoprim. Standard 
protocols of the European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) to define in clinical break-
points and susceptibility to a given antimicrobial agent were 
used [17, 18]. Where multiple isolates were obtained from 
the same individual, duplicate records were removed. MDR 
was defined as resistance to amoxicillin, chloramphenicol, 
and co- trimoxazole, and MDR+FQ resistance was defined as 
resistance to these three drugs plus ciprofloxacin, and XDR 
was defined as resistance to MDR agents, ciprofloxacin, and 
third generation cephalosporins, in keeping with WHO 
terminology [19].

Enhanced public health surveillance of enteric 
fever
Enteric fever is a notifiable disease in England, and enhanced 
surveillance has been undertaken by PHE since 2006. 
Laboratory- confirmed cases (or guardians of paediatric cases) 
were interviewed using a standardised enhanced surveillance 
questionnaire to ascertain demographic details, symptoms, 
vaccination and travel histories, and–for cases in which 
a travel history is not evident–food history and history of 
contact with travellers. Where the antimicrobials used to treat 
the case could be determined, these data were obtained.
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While PHE’s public health guidance recommends that cases 
be regarded as travel- associated where symptom onset 
occurs within 28 days of travel [20], for the purposes of this 
investigation, we regarded travel within 60 days as pertinent 
to ascertaining the likely geographical source of an isolate. 
Where cases had no direct travel history but had recent, close 
contact with a traveller, the case was regarded as associated 
with that region of travel as a propagated infection. Travel to 
each country or region was recorded as a separate dichoto-
mous variable to allow capture of travel to multiple endemic 
settings by the same individual.

Socio- economic deprivation was calculated from postcode 
using the 2019 English Indices of Deprivation score from 
the Ministry of Housing, Communities and Local Govern-
ment, which incorporates measures of deprivation related to 
income, employment, education, health and disability, crime 
barriers to housing and services, and living environment [21]. 
The population was divided into quintiles based on this score.

Univariable analysis
Statistical analysis was undertaken using STATA/IC 14.2. 
Continuous variables were described using medians, inter-
quartile ranges (IQR) and ranges, and compared using the 
Mann- Witney U test. Categorical variables were described 
using numbers and percentages in each category and 
compared by chi- squared test. Prevalence of antimicrobial 
resistance among isolates from each location was calculated 
compared to earlier resistance prevalence records in travel-
lers returning to London from 2005 to 2012, as reported by 
Dave et al. [22]. Comparable methodologies were used for 
both studies (though the ciprofloxacin breakpoint has been 
revised by one dilution since the earlier report by Dave et al. 
from 0.125mg l−1 to 0.06 mg l−1, in line with updated EUCAST 
recommendations) [17, 18].

For a given location, prevalence of ciprofloxacin resistance, 
MDR, and combined resistance to MDR agents and cipro-
floxacin (MDR+FQ) were calculated and compared to the 
earlier survey by Fisher’s exact test. To ascertain changes in 
antimicrobial resistance over the course of the present survey, 
resistance over the first 2 years (2014–2015) was compared to 
the final 2 years (2018–2019) by chi- squared test, overall and 
for individual regions.

Logistic regression models
A multivariable logistic regression model was constructed 
for S. Typhi to characterise factors associated with resistance 
to ciprofloxacin, and MDR+FQ resistance, and for S. Para-
typhi A to characterise factors associated with ciprofloxacin 
resistance. Source locations assessed as exposure variables 
were Pakistan, India, Bangladesh, other Asian countries, and 
Africa–each scored dichotomously with the possibility of 
travel to multiple locations. Potential confounders assessed 
for the model were age, gender, index of deprivation for the 
UK address (poorest quintile vs. others), ethnicity, birth in the 
UK (versus elsewhere in the world), travel to visit friends and 
relatives (VFR, versus other or unknown purpose of travel), 

and direct vs. propagated infection. Specimen year was treated 
as a continuous variable. Final models were constructed using 
a stepwise, subtractive approach to identify variables indepen-
dently associated with resistance (considering for inclusion 
those with a P- value of less than 0.4) to predict adjusted odds 
ratios (aOR) for resistance to individual antibiotics and multi- 
drug resistance, favouring a parsimonious model guided by 
Akaike’s information criteria (AIC) and Bayesian information 
criteria (BIC) to appraise the effects of removing variables, 
with likelihood ratio tests employed to address ambiguous 
results.

RESULTS
Characteristics of isolates and cases
During the study period, we analysed laboratory and ques-
tionnaire data from 1088 cases with S. Typhi, 729 with S. Para-
typhi A, 93 with S. Paratyphi B, and one with S. Paratyphi C. 
Of 1645 isolates with a recorded specimen type, 1213 (74 %) 
were from blood, 407 (25 %) from faeces, and 25 (2 %) from 
other specimen types (such as urine or abdominal fluid). Of 
all 1910 cases of S. Typhi and S. Paratyphi A and B, 1781 
(93 %) had a clear history of recent travel, and a further 19 
(1 %) had not travelled themselves but had a clear link to a 
recent traveller, with presumed transmission of the infection 
in England.

Table 1 shows the population characteristics of cases included 
in the study presenting with typhoid and paratyphoid A and 
B. Cases were disproportionately resident in more deprived 
areas of England. Most cases of typhoid and paratyphoid A 
occurred among travellers to South Asia (86 and 90% respec-
tively having visited Pakistan, India, or Bangladesh). Most 
reported visiting friends and relatives (VFR) as the purpose 
of travel, with ethnicity closely matching destination of 
travel. A higher proportion of cases of paratyphoid B were 
associated with travel to South East Asia, the Middle East, or 
the Americas, VFR and non- VFR travel were more equally 
represented, and a greater proportion of cases reported white 
British ethnicity. At the time of interview, among 1785 cases 
for whom admission status could be ascertained, 1493 (83 %) 
had been admitted to hospital, and 302 (17 %) had not. Symp-
toms at the time of interview are described in Table S1 (avail-
able in the online version of this article) online: 92 % reported 
fever, and 79 % reported at least one gastrointestinal symptom.

Among 1088 isolates of S. Typhi, 980 (90 %) were resistant 
to ciprofloxacin, 349 (32 %) to co- trimoxazole, 330 (30 %) to 
chloramphenicol, and 310 (28 %) to amoxicillin. Of these, 42 
isolates (4 %) were ESBL producers, displaying resistance to 
ceftriaxone and ceftazidime, imported from Pakistan (n=39), 
Iraq (n=2), and India (n=1). No isolates were resistant to 
azithromycin, ertapenem, or colistin. In total, 293 isolates 
(27 %) were multi- drug resistant (MDR), with resistance 
to amoxicillin, chloramphenicol, and co- trimoxazole. We 
found 285 isolates (26 %) showed MDR+FQ resistance, while 
39 isolates (4 %) were XDR (MDR+FQ+resistance to third 
generation cephalosporin), all associated with travel from 
Pakistan. Three isolates (two imported from Iraq and one 
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Table 1. Population characteristics of cases identified with typhoid and paratyphoid A and B

Typhoid Paratyphoid A Paratyphoid B

Characteristic Group N (1088) (%) N (729) (%) N (93) (%)

Age group 0–14 years 345 (32 %) 116 (16 %) 28 (30 %)

  15–29 years 319 (29 %) 240 (33 %) 36 (39 %)

  30–44 years 260 (24 %) 216 (30 %) 15 (16 %)

  45–59 years 117 (11 %) 92 (13 %) 6 (6 %)

  60+ years 47 (4 %) 65 (9 %) 8 (9 %)

Gender Female 525 (48 %) 360 (49 %) 50 (54 %)

  Male 563 (52 %) 369 (51 %) 43 (46 %)

Deprivation index 1 most deprived 334 (33 %) 226 (32 %) 23 (26 %)

(by UK postcode) 2 291 (29 %) 202 (29 %) 20 (23 %)

  3 172 (17 %) 120 (17 %) 13 (15 %)

  4 117 (12 %) 72 (10 %) 11 (13 %)

  5 least deprived 97 (10 %) 79 (11 %) 21 (24 %)

  missing 77 . 30 . 5 .

Ethnicity Indian 315 (33 %) 253 (39 %) 1 (1 %)

  Pakistani 382 (41 %) 204 (32 %) 9 (13 %)

  Bangladeshi 78 (8 %) 65 (10 %) . .

  White British 57 (6 %) 77 (12 %) 39 (56 %)

  Other Asian 30 (3 %) 22 (3 %) 5 (7 %)

  Other Mixed 31 (3 %) 19 (3 %) 16 (7 %)

  Black African/Caribbean 48 (5 %) 6 (1 %) . .

  not stated 147 . 83 . 23 .

Birthplace UK born 411 (59 %) 295 (44 %) 57 (76 %)

  Non- UK born 598 (41 %) 382 (56 %) 18 (24 %)

  missing 79 . 52 . 18 .

Travel related Yes- direct 1013 (99 %) 701 (99 %) 77 (99 %)

  Yes- propagated 13 (1 %) 5 (1 %) 1 (1 %)

  No known travel 62 . 23 . 15 .

Purpose of travel VFR* 770 (81 %) 503 (76 %) 35 (49 %)

  Non- VFR 186 (19 %) 159 (24 %) 36 (51 %)

  no travel/missing 132 . 67 . 22 .

Source of infection† India 384 (37 %) 323 (45 %) 2 (3 %)

  Pakistan 417 (41 %) 225 (32 %) 6 (8 %)

  Bangladesh 73 (7 %) 70 (10 %) . .

  Other Asia 37 (4 %) 50 (7 %) 32 (41 %)

  Africa 57 (6 %) 5 (1 %) . .

  Americas 12 (1 %) 1 (0.1 %) 36 (46 %)

  Europe 6 (1 %) 1 (0.1 %) . .

  Pacific 2 (0.2 %) . . . .

Continued
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from India) exhibited ceftriaxone and ciprofloxacin resistance 
in the absence of a full XDR phenotype (being susceptible to 
co- trimoxazole and chloramphenicol).

Among 729 isolates of S. Paratyphi A, 710 (97 %) were resistant 
to ciprofloxacin, with relative preservation of susceptibility 
to other drugs. One isolate from an imported case from 
Bangladesh was an ESBL producer (resistant to ceftriaxone 
and ceftazidime) and also resistant to ciprofloxacin. No 
resistance was identified to azithromycin, chloramphenicol, 
co- trimoxazole, colistin, or ertapenem. S. Paratyphi B isolates 
(n=93) showed relative preservation of antimicrobial suscep-
tibility: 12 isolates (13 %) were resistant to ciprofloxacin, with 
no resistance detected to other classes of antibiotics tested. 
The single isolate of S. Paratyphi C that was available was 
susceptible to all antibiotics tested.

Distribution of S. Typhi antimicrobial resistance
S. Typhi isolates linked to travel to Pakistan (n=427) showed 
the highest prevalence of antimicrobial resistance, with 98 % 
resistant to ciprofloxacin, 52 % MDR, 52 % MDR+FQ, and 
9 % XDR. Among isolates linked to India (n=407), 96 % were 
resistant to ciprofloxacin, with lower rates of resistance to 
amoxicillin (3 %), chloramphenicol (3 %) and co- trimoxazole 

(5 %), such that 2 % had MDR and 2 % MDR+FQ profiles. 
Among isolates linked to Bangladesh (n=77), 88 % were 
ciprofloxacin- resistant, 26 % were MDR, and 25 % were 
MDR+FQ- resistant. Isolates linked to other Asian countries 
(n=68) were ciprofloxacin resistant in 67 % of cases; 24 % were 
MDR and 24 % were MDR+FQ resistant. Isolates linked to 
Africa (n=58) were ciprofloxacin- resistant in 60 % of cases, 
40 % MDR, and 30 % MDR+FQ.

Univariable analysis of risk factors for S. Typhi resistance to 
ciprofloxacin, and MDR+FQ resistance profiles are presented 
online in Tables S2 and S3, and multivariable logistic regres-
sion models are presented in Table 2. Resistance to cipro-
floxacin was most strongly associated with travel to Pakistan 
(aOR 32.0, 95 % CI 15.4–66.4, P < 0.001), and was also 
associated with travel to India (aOR 21.8, 95 % CI 11.6–41.2, 
P < 0.001) and Bangladesh (aOR 6.2, 95 % CI 2.8–13.6), P < 
0.001), compared to travel elsewhere, after adjusting for an 
overall increase in prevalence of resistance over time (with 
an increase in aOR of 1.2 for each year). Incorporation of 
other potential confounders (age, sex, birth in the UK, UK 
deprivation index, and purpose of travel) did not improve the 
strength of the model. MDR+FQ resistance was associated 
with travel to Pakistan (aOR 2.5, 95 % CI 2.4–5.2, P < 0.001), 

Table 2. Characteristics associated with ciprofloxacin and MDR+FQ resistance* among cases with typhoid, 2014–2019 in multivariable logistic 
regression models

Characteristic Crude OR Adjusted OR (95 % CI) P- value

Ciprofloxacin resistance model:†         

  Travel to Pakistan 6.1 32.0 (15.4–66.4) < 0.001

  Travel to India 3.4 21.9 (11.6–41.2) < 0.001

  Travel to Bangladesh 0.7 6.2 (2.8–13.6) < 0.001

  Adjustment for Time (per year) 1.3 1.2 (1.0–1.4) 0.025

MDR+FQ resistance model:‡         

  Travel to Pakistan 10.9 3.5 (2.4–5.2) < 0.001

  Travel to India 0.03 0.07 (0.04–0.15) < 0.001

*MDR+FQ resistance=multi drug resistance (to amoxicillin, chloramphenicol, and co- trimoxazole) plus fluoroquinolone resistance (to 
ciprofloxacin).
†Among 1025 cases with known travel history or close link to a known traveller tested for ciprofloxacin resistance.
‡Among 1024 with known travel history or close link to a known traveller tested for resistance all four antimicrobials.

Typhoid Paratyphoid A Paratyphoid B

Characteristic Group N (1088) (%) N (729) (%) N (93) (%)

  Multiple possible 38 (4 %) 29 (4 %) 2 (3 %)

  not determined 29 . 15 . 8 .

  missing 33 . 10 . 7 .

*VFR, visiting friends and relatives.
†Includes the sources of both imported cases and cases with infections propagated from an imported case. Cases associated with travel to 19 other countries in Asia, 18 countries in Africa, 
18 in the Americas, four in Europe, and two in the Pacific.

Table 1. Continued
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and was less likely with travel to India (aOR 0.07, 95 % CI 
0.04–0.15, P < 0.001).

All 39 cases of XDR S. Typhi were associated with travel to 
Pakistan (with three cases travelling by way of the United 
Arab Emirates). Two cases of S. Typhi with resistance to third 
generation cephalosporins, amoxicillin, and ciprofloxacin, 
but preserved susceptibility to co- trimoxazole and chloram-
phenicol (and therefore not XDR) were associated with travel 
to Iraq; further details of these cases are provided elsewhere 
[23].

Distribution of S. Paratyphi antimicrobial resistance
Resistance profiles for S. Paratyphi serovars were more homo-
geneous than those of S. Typhi. For S. Paratyphi A, resistance 
to ciprofloxacin was widespread (429 of 442 isolates; 97 %), 
but susceptibility to other antimicrobials tested was preserved 
(with the exception of a single isolate showing resistance to 
beta- lactam agents). Univariable analysis of associations 
with ciprofloxacin resistance among S. Paratyphi A cases is 
presented in Table S4, and multivariable logistic regression 
in Table 3. With only 19 ciprofloxacin- sensitive isolates, the 
logistic model was strengthened by combining links to Paki-
stan, India, and Bangladesh into a single variable; links to any 
of these countries was associated greater odds of resistance, 
and links to Africa with lower odds, with the caveat that only 
seven cases with links to Africa were identified (three of them 
ciprofloxacin resistant) during this survey.

Isolates of S. Paratyphi B differed markedly from those of other 
typhoidal salmonellas in their geography: of 93 isolates, 37 

arose from South America, 25 from Iraq, seven from Turkey, 
six from Pakistan, two from India; one case had recently 
travelled to both Pakistan and Saudi Arabia; for 15, no travel 
link was established. The number of cases with antimicrobial 
resistance (12 for ciprofloxacin, none for other drugs) was 
insufficient to characterize geographical associations, but 
ciprofloxacin resistant and sensitive cases were imported from 
South Asia and the Americas; all isolates from the Middle East 
were ciprofloxacin- sensitive.

Antibiotics used to treat infections
Among 258 isolates of S. Typhi for which the antibiotics 
used to treat the infection could be ascertained from surveil-
lance interviews, 179 (69 %) were treated with ceftriaxone, 
44 (17 %) with azithromycin, 31 (12 %) with ciprofloxacin, 18 
with amoxicillin (7 %), 11 (4 %) with co- amoxiclav, five (2 %) 
with meropenem, three (1 %) with co- trimoxazole (no cases 
reported use of chloramphenicol). Of the 31 cases reporting 
treatment with ciprofloxacin, 20 (65 %) had isolates that were 
found to be ciprofloxacin resistant; in 12 of these cases, it was 
reported to be the only antibiotic given.

Changes in antimicrobial resistance over time
In comparison to a survey of Salmonella isolates in returning 
travellers in London 2005–2012 (Fig. 1), current observa-
tions of S. Typhi show an increase in ciprofloxacin resistance 
among travellers from Africa from 12–60 % (P < 0.001), 
and an increase in MDR+FQ resistance profile from 0–30 % 
(P=0.005), with no clear evidence of a shift in resistance to 

Table 3. Characteristics associated with ciprofloxacin resistance among cases with paratyphoid A, 2014–2019 in a multivariable logistic regression 
model

Characteristic* Crude OR Adjusted OR (95 % CI) P- value

Travel to Pakistan, India, or Bangladesh 45.3 33.4 (10.0–112.0) < 0.001

Travel to Africa 0.01 0.11 (0.02–0.64) 0.015

*Among 704 cases with known travel history or close link to a known traveller tested for ciprofloxacin resistance.

Fig. 1. Comparison between antimicrobial resistance patterns of isolates from imported cases of typhoid and paratyphoid A presenting 
in England 2014–2019 and London 2005–2012. MDR+FQ=multi- drug resistance (to amoxicillin, chloramphenicol, co- trimoxazole) plus 
fluoroquinolone resistance (to ciprofloxacin).
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MDR first- line agents (amoxicillin, chloramphenicol, and 
co- trimoxazole) [22]. Among travellers from Pakistan, preva-
lence of ciprofloxacin resistance increased from 79–98 % (P 
< 0.001). No cases of the XDR phenotype were noted in the 
previous London survey, nor in this survey prior to 2017. In 
the present survey, one XDR case in 2017 was followed by six 
in 2018, and 32 in 2019.

Since the 2005–2012 London survey, ciprofloxacin resistance 
of S. Paratyphi A isolates in returning travellers from Paki-
stan has increased from 61–99 % (P < 0.001). S. Paratyphi A 
ciprofloxacin resistance rates in travellers from India, Bang-
ladesh, and elsewhere in Asia remain high. The number of S. 
Paratyphi A isolates in travellers from Africa was low in both 
studies, making the comparison under- powered to detect 
a change (two of six isolates were resistant in the previous 
survey, compared to three of seven in this survey).

Comparing the first 2 years of this survey to the final 2 years, 
we found evidence of increased resistance of S. Typhi to 
ciprofloxacin (OR 2.9, 95 % CI 1.8–4.7, P < 0.001) and of 
MDR+FQ resistance (OR 2.3, 95 % CI 1.5–3.3, P < 0.001). The 
magnitude of this increase was greatest among isolates from 
India (OR 5.9, 95 % CI 1.1–30.3, P=0.017), Bangladesh (OR 
5.4, 95 % CI 0.8–34.1, P=0.046), and other Asian countries 
(OR 4.0, 95 % CI 1.0–16.4, P=0.038), with no evidence of an 
increase in Pakistan (where resistance was nearly universal 
throughout) or Africa (where the number of isolates each 
year was small). S. Typhi MDR+FQ resistance increased in 
Pakistan (OR 2.0, 95 % CI 1.1–3.4, P=0.014) and Africa (OR 
6.7, 95 % CI 1.3–34.8, P=0.009). Changing patterns of S. Typhi 

AMR for individual regions are illustrated in Fig. 2. Over the 
duration of this survey, we did not identify a change in S. 
Paratyphi A’s AMR profile, overall or at a regional level.

DISCUSSION
Our findings demonstrate the increasing limits imposed by 
antimicrobial resistance on the effective treatment options for 
enteric fever in returning travellers. Reports from reference 
laboratories in the UK have demonstrated consistent S. Typhi 
resistance to fluoroquinolones since the late 1990s among 
travellers returning from South Asia [24]. Until recently, 
however, fluoroquinolones remained a viable empirical 
treatment for cases returning from regions such as Africa, 
where resistance was lower [25]. In this investigation, we 
report further increases in the prevalence and distribution 
of antimicrobial resistance among imported cases. S. Typhi 
infections imported from Pakistan, India, and Bangladesh 
had greater odds of ciprofloxacin resistance, but susceptibility 
can no longer be anticipated in travellers returning from other 
Asian countries (with 67 % ciprofloxacin resistance) or Africa 
(with 60 % resistance). S. Paratyphi A also shows increasing 
resistance to ciprofloxacin in travellers returning from Paki-
stan, such that it is now almost universal among travellers to 
Asia; the organism is less commonly imported from Africa, 
but there, too, we find increasing evidence of resistance.

Multi- drug resistance is also growing concern: the risk of 
S. Typhi resistance to ciprofloxacin, amoxicillin, chloram-
phenicol, and co- trimoxazole was highest among travellers 

Fig. 2. Comparison of antimicrobial resistance patterns of S. Typhi over time by region of travel. Note different y- axis scales for upper 
and lower panels. MDR=multi drug resistance (to amoxicillin, chloramphenicol, co- trimoxazole); FQ Resistance=fluoroquinolone 
resistance (to ciprofloxacin); MDR+FQ=MDR plus fluoroquinolone resistance; XDR=extended drug resistance: MDR plus FQ resistance 
plus resistance to third- generation cephalosporins (ceftriaxone and ceftazidime).
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returning from Pakistan, but has risen in Africa to 30 %. XDR 
S. Typhi shows emergence over recent years, with the first 
imported case identified in 2017, but 12 % of cases linked to 
Pakistan showing this phenotype in 2019. Imported infections 
caused by the XDR S. Typhi strain from Pakistan reflect the 
ongoing outbreak which was first reported in 2017, and has 
expanded since to include several regions within the country 
[26]. One isolate of S. Paratyphi A also showed extended 
resistance to beta- lactam antibiotics including ceftriaxone 
[27].

For most imported isolates, sensitivity to third generation 
cephalosporins is preserved. We also found no evidence of 
azithromycin resistance. These agents remain appropriate 
first- line therapies for cases returning from all regions with 
suspected enteric fever while awaiting microbiological 
confirmation and drug susceptibility profiles. However, this 
study highlights that travellers returning from Pakistan may 
be at risk of infection from XDR S. Typhi: when such cases 
present as complicated enteric fever, a carbapenem may be 
the empirical antibiotic of choice until culture and sensitivity 
results become available.

Our findings are consistent with trends observed in endemic 
settings globally, where MDR and fluoroquinolone resist-
ance among S. Typhi isolates, and fluoroquinolone resistance 
among S. Paratyphi A isolates, are observed with increasing 
prevalence in all regions [5]. Similar findings have been 
reported among imported cases in other resource- rich coun-
tries [13].

Surveillance data of this kind do not permit us to comment 
on risk factors for acquiring enteric fever, nor the relative risk 
of infection associated with different travel destinations–only 
on the likelihood of antimicrobial resistance in infected 
individuals. In practice, empirical prescribing decisions are 
based upon the provisional diagnosis, severity of infection, 
travel history, and the risk of AMR. Much of the information 
gathered by health protection teams in the enhanced surveil-
lance of enteric fever focusses on risk factors for infection 
itself, rather than risk factors for drug resistance. Gathering 
additional information concerning exposure to urban and 
rural areas, healthcare settings, and use of antibiotics while 
travelling may help us characterise the risk factors for AMR 
with greater precision.

Because our findings are limited to returning travellers, 
they may not reflect the patterns of antimicrobial resistance 
among longer- term residents in endemic areas. Observing 
patterns of infection in returning travellers can add to a 
global perspective on antimicrobial resistance, serving as 
sentinel surveillance and permitting the use of a single refer-
ence laboratory’s procedures for organisms acquired from 
multiple settings, but they will be subject to demographic, 
geographical and behavioural biases of international travel 
[28]. Alongside such observations, then, there is an urgent 
need to strengthen diagnostic capacity and surveillance 
within endemic countries, and to facilitate international 
communication and comparison through AMR surveillance 
networks [29].

CONCLUSIONS
The rise in resistance of both S. Typhi and S. Paratyphi A 
to ciprofloxacin should guide prescribing recommendations 
for returning travellers from both Asia and Africa. Clinical 
and epidemiological alertness to the growing threat of XDR 
S. Typhi should also inform empirical prescribing recom-
mendations for cases returning from areas of known XDR 
outbreaks. The changing landscape of AMR underlines the 
importance of timely surveillance and international health 
communication.
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