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Objectives: The WHO recommends prioritising people living with HIV (PLHIV) for typhoid vaccination, but
evidence for increased typhoid fever risk is inconsistent. We aimed to evaluate whether HIV infection alters
the risk of blood culture-confirmed typhoid fever.

Methods: We systematically searched four databases from inception to 30 November 2023 for studies re-

¥ey vt\lzo_rjsf: ) porting Salmonella Typhi bacteraemia with documented HIV status. Where available, we also extracted data
H31,5 oid tever on invasive non-typhoidal Salmonella (iNTS) bacteraemia. We used random-effects meta-analysis to pool

odds ratios (ORs) and assessed effect modification by ART era, age, and CD4 count.

Results: Seventeen studies met inclusion criteria, comprising 10,117 PLHIV and 53,289 HIV-negative in-

dividuals from Africa and Asia. PLHIV had lower odds of typhoid fever (OR 0.53, 95% CI 0.30-0.92), but

higher odds of iNTS disease (OR 4.06, 2.23-7.39). Apparent protection against typhoid was most evident in

adults with CD4 counts <200 cells/ul and was not significant after ART rollout.

Conclusions: Advanced HIV infection may reduce the risk of typhoid fever. While altered clinical pre-

sentations or healthcare-seeking behaviours could contribute, the contrasting increase in iNTS risk within

the same populations suggests a genuine difference in susceptibility. These findings support re-evaluating

WHO guidance that prioritises PLHIV for typhoid vaccination.

© 2025 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Non-typhoidal Salmonella
Systematic review
Meta-analysis

Introduction In 2017, there were an estimated 10.9 million cases of typhoid

fever worldwide (95% uncertainty interval (UI) 9.3-12.6 million)

People living with HIV (PLHIV) are at greater risk of community-
onset bloodstream infection (BSI) than HIV-negative individuals.'”
Typhoid fever is an invasive infection caused by the bacterium Sal-
monella enterica subspecies enterica serovar Typhi (Salmonella
Typhi). Whilst it might follow that PLHIV would be at increased risk
of typhoid fever, several reports suggest the opposite trend.>"* By
contrast, invasive non-typhoidal Salmonella (iNTS) disease — caused
by bacteria belonging to the same subspecies as Salmonella Typhi - is
a well-established opportunistic infection among PLHIV.”’

* Correspondence to: Malawi-Liverpool-Wellcome Programme, PO Box 30096,
Chichiri, Blantyre, Malawi.
E-mail address: peter.johnston@liverpool.ac.uk (P.I. Johnston).
T These authors contributed equally to this work.

https://doi.org/10.1016/j.jinf.2025.106572

accounting for approximately 105,000 Years Lived with Disability.®
Typhoid fever is most commonly diagnosed by isolating Salmonella
Typhi from blood culture, though recovery from any usually-sterile
body site is diagnostic.”!’

Due to their epidemiologic overlap, any interaction between HIV
and typhoid fever is clinically and strategically significant. Of the
estimated 39.9 million people (95% Ul 36.1-44.6 million) living with
HIV,"" most reside in Africa, where typhoid fever incidence is
moderate to high.'” Asia and the Pacific, regions with the world’s
second-highest HIV burden, experience the highest global typhoid
rates.'?

Typhoid conjugate vaccine (TCV) is a novel and effective inter-
vention prequalified by the World Health Organization (WHO) for
use in typhoid-endemic settings."” Currently, WHO lists PLHIV
among special populations who should be prioritised for typhoid

0163-4453/© 2025 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. This is an open access article under the CC BY license (http://creati-
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vaccination due to a “high risk of acquiring or transmitting [S. Typhi]
infection” [sic].'

We conducted a systematic review and meta-analysis to de-
termine whether HIV infection alters the likelihood of blood culture-
confirmed typhoid fever compared to HIV-negative individuals. We
hypothesised that the relationship between HIV and typhoid might
differ according to immunosuppression severity and antiretroviral
therapy (ART) availability. We also compared the risk of typhoid
fever to that of iNTS disease - an invasive salmonellosis syndrome
strongly associated with HIV. Clarifying these relationships will in-
form vaccine policy and enhance understanding of how these
globally significant diseases intersect.

Methods

In this systematic review and meta-analysis, we searched
MEDLINE, EMBASE, and Web of Science from inception to 29
November 2023, and screened the first 200 abstracts retrieved from
Google Scholar on 20 November 2023."° We developed the search
strategy in collaboration with a librarian (MC), with peer review
provided by an information specialist (AS). The strategy included
synonyms for HIV AND (Salmonella Typhi OR BSI) (Supplementary
Appendix, pp 4-5). We prospectively registered the review protocol
on PROSPERO (CRD42021156888, 19 April 2021) and report our
findings according to PRISMA guidelines (Supplementary Appendix,
pp 29-31).1°

We included observational studies that reported the HIV status of
blood culture recipients, and in which at least one participant -
whether HIV-infected or uninfected - had Salmonella Typhi BSI.
Where data from the same population were presented in two pub-
lications, we included the largest or most complete dataset. We
excluded duplicate or overlapping data from the same cohort.

We excluded interventional studies, case reports, editorials, and
any studies where participants had been selected on the basis of a
pre-existing medical condition. We searched the reference lists of
systematic reviews identified in the search for potentially relevant
articles. Full inclusion and exclusion criteria are reported in
Supplementary Appendix pp 5.

We imported references from each database using Endnote v20
(Clarivate Analytics, Boston, MA, United States) and subsequently
exported them into Covidence systematic review management
software for deduplication, screening, quality assessment, and data
extraction."”

We assessed studies for risk of bias using a tool adapted from a
recent systematic review of iNTS disease incidence, evaluating two
domains: selection and recruitment, and measurement and re-
porting.'® We evaluated the representativeness of the study popu-
lation, robustness of HIV status ascertainment, and methods used to
identify Salmonella Typhi. Methods of Salmonella Typhi identification
that are recognised (and that we thereby deemed low-risk of bias)
include serotyping (according to the Kauffman-White-Le Minor
scheme'?), molecular methods such as PCR for Salmonella Typhi-
specific targets, and DNA sequencing.”®?! We deemed as low-risk
HIV ascertainment using validated antigen, antibody or PCR-based
methods. The complete risk assessment strategy is reproduced in
Supplementary Appendix, pp 6-11.

Two reviewers independently screened abstracts and full-texts
(PJ, AH, WC, NJ, CM); we reconciled disagreements via a casting vote
from an independent third member of the review team. We emailed
the corresponding authors of papers to clarify whether relevant data
were incompletely reported; the study was excluded if no response
was received after two emails. P] and CM | NJ independently ex-
tracted the data and performed quality assessments. The primary
outcome data were the number of Salmonella Typhi-positive blood
cultures (n) from the total number of blood cultures performed (N)
for both HIV-positive and HIV-negative participants during the study
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ascertainment period. Where available, this data was additionally
obtained for BSI with any NTS serovar. We sought to extract data on
participant characteristics that might influence the risk of typhoid
fever, including demographics, CD4 cell count, and use of tri-
methoprim-sulphamethoxazole preventive therapy. Our data ex-
traction tool used is reproduced in Supplementary Appendix,
pp 12-13.

Data analysis

Our primary outcome was the relative incidence of Salmonella
Typhi BSI in participants with and without HIV. Our secondary
outcome was the relative incidence of non-typhoidal Salmonella
(NTS) BSI in the same study populations, also stratified by HIV status.

We calculated pooled odds ratios from combined study estimates
using a random-effects model. Between-study variance was esti-
mated using the DerSimonian-Laird method, and inverse-variance
weighting was applied to give more weight to studies with greater
precision. Heterogeneity was assessed using the 2 statistic. To assess
the robustness of our findings against potential small-sample bias,
we additionally applied the Hartung-Knapp method to the primary
analysis for typhoid fever (Supplementary Figure 8).

We performed subgroup analyses based on the following char-
acteristics: (i) risk of bias (low vs. moderate vs. high); (ii) age group
(paediatric [<15 years] vs. adult [ > 15 years]). One study presented
data for adolescents aged >13 years alongside adults, which could
not be disaggregated; we therefore included these participants in
the adult category.” iii) timing relative to ART availability (“pre-ART”
vs. “post-ART,” using the year 2004 as the delineator)®? iv) studies
where average CD4 cell count of PLHIV was known. We conducted
meta-regression based on the midpoint of study data collection (the
date halfway between the start and end of recruitment). We as-
sessed the risk of publication bias using funnel plots and Egger’s
regression.

We used the “meta” (v8.0.1) package in the R statistical com-
puting environment (R Foundation for Statistical Computing, Vienna,
Austria) (v4.3.3) for primary and subgroup meta-analyses and the
“metafor” (v4.6.0) package for meta-regression.””>>°

The analytic code and extracted data used in this systematic re-
view are archived at Zenodo:

https://doi.org/10.5281/zenodo.15463296.

Results
Study selection

Our electronic searches retrieved 12,687 records, of which 5047
were duplicates (Fig. 1). We screened 7640 titles and abstracts,
which yielded 105 articles that met the criteria for full-text review.
17 studies contributed data to the meta-analysis that formed our
primary outcome; 13 of these studies had data available for the iNTS
disease pooled analysis.>*°~*” Characteristics of included studies are
shown in Table 1.

Study characteristics

Included studies enrolled 10,117 PLHIV and 53,289 HIV-negative
individuals, among whom 209 episodes of Salmonella Typhi BSI oc-
curred: 21 episodes in PLHIV and 188 in HIV-negative individuals.

Fifteen studies took place in Africa, and two in South-East Asia
(both Cambodia).***® Tanzania was the most frequently represented
country, contributing eight studies to the analysis (Table 1 &
Supplementary Figure 1).22628-30.33.3439 Kenya contributed three
studies,””%*! Céte d’Ivoire contributed two,"*” and Nigeria con-
tributed one.*”


https://doi.org/10.5281/zenodo.15463296
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References removed (n = 5047)
Duplicates identified manually (n = 8)

V.

Duplicates identified by Covidence (n = 5039)

Studies screened (n = 7640)

—>| Studies excluded (n = 7535)

v

Studies sought for retrieval (n = 105)

—> Studies not retrieved (n = 0)

v

Screening

Studies assessed for eligibility (n = 105)

—>| studies excluded (n=288)

A4

Studies included in review (n = 17)

Wrong outcomes (37)

Data unavailable (26)

Wrong study design (17)

Wrong patient population (7)
Data replicated in other study (1)

Fig. 1. PRISMA flow diagram showing identification, screening, eligibility, and inclusion of studies in this systematic review and meta-analysis of Salmonella Typhi bloodstream

infection incidence in PLHIV compared to HIV-negative individuals.

Eight studies included adult populations only (including one where
adolescents (> 13 years) where aggregated with adults).*25731-33:36.37.39
Seven studies focused on paediatric populations.?® 224353841 These
included children up to five years in two studies,”>*' up to seven years in
one study,”® up to 13 years in three studies **~°%° and up to 15 years in
one study.*® Muthumbi and colleagues included participants of all ages;
however, because recruitment periods and criteria for blood culture
collection differed between paediatric and adult populations, we pooled
data for adults and children separately.*’

All included studies were observational studies conducted at
healthcare facilities, although one study additionally drew from
three community cohorts.”” Fourteen studies collected data pro-

spectively?26:28-3337-3941. three retrospectively.2” 3640

Risk of bias

We rated six studies low-risk for bias®??2%23344%: seven mod-
erate-risk,>628:32:3536383941 and three high-risk.’”*"*” Bias was
most commonly introduced by methods used for typing Salmonella
recovered from blood cultures. Two of seventeen studies described
methods that do not differentiate between Salmonella serovars®®*';
seven studies did not provide sufficient detail to judge whether their
methods for identifying Salmonella Typhi were robust
(Supplementary Table 1).2829313236-39 The second most frequent
study characteristics associated with potential bias were the method
of selection of participants for blood culture. Two studies selected
admissions to an infectious disease unit, regardless of



Table 1
Baseline characteristics of included studies.
Author and Year Year of Years of data  Country Study Design Participants Paediatric or  iNTS iNTS Typhoid Typhoid Quality
publication  collection Adult? bacteraemia bacteraemia bacteraemia bacteraemia Assessment
among PLHIV ~ among HIV among PLHIV among HIV
uninfected uninfected
Archibald et al.”® 1998 February Tanzania Prospective > 15 years attending hospital ~Adult 23/282 6/235 0/282 1/235 Moderate
1995 to cohort with temperature > 37.5 °C
April 1995
Batchelor et al.”’ 1996 November Kenya Retrospective > 15 years Adult 60/2623 7/2006 6/2623 8/2006 High
1988- cohort, data from
October 1992 several cohorts
Biggs et al.”® 2014 June 2006- Tanzania Prospective 2 months to 13 years, Paediatric 9/202 154/4102 0/202 17/4102 Moderate
August 2008 cohort at two attending hospital
sites: high and
low malaria
endemicity
Blomberg et al.>* 2007 August 2001  Tanzania Prospective 0 to 7 years with signs of Paediatric 7/155 10/756 0/155 2[756 Low
to cohort systemic infection admitted
August 2002 to hospital
Boillat-Blanco et al.*® 2021 July 2013 to  Tanzania Prospective > 18 years with fever (> 38 °C)  Adult 3/128 8/391 Moderate
July 2014 cohort attending outpatient clinics /
health centres
Chheng et al.*® 2013 October 2009 Cambodia  Prospective < 16 years admitted to Paediatric 0/58 22/1167 Moderate
and cohort hospital if axillary
October 2010 temperature > 38 °C within
48 h of admission.
Crump 2011 September Tanzania Prospective Hospital inpatients > Paediatric 1/57 0/341 0/57 6/341 Low
et al. (paediatric)*” 2007 to cohort 2months to < 13 years.
August 2008 History of fever in previous
48 h or rectal temperature >
38 °C or axillary temperature
> 375°C
Crump et al. (adults)’ 2011 September Tanzania Prospective Inpatients with oral Adolescents 2/161 0/244 2/161 24/244 Low
2007 to cohort temperatures > 38 °C and adults
August 2008
Grant et al.”! 1997 March to Cote Prospective Admissions to hospital > 15 Adults 23/199 1/51 1/199 3/51 High
July 1995 d’Ivoire cohort years
Kassa-Kelembho et al.>*> 2003 April to Central Prospective Admissions to hospital Adults 22/116 0/15 2/116 0/15 Moderate
July 1999 African cohort medical department with
Republic fever and lack of response to
quinine therapy for malaria
Meremo et al.** 2012 June to Tanzania Prospective Patients admitted to the Adults 12/156 1/190 0/156 1/190 Low
December cohort medical wards with an
2011 axillary temperature >
375 °C
Mtove et al.** 2010 March 2008  Tanzania Prospective Children aged 2 months to 14  Paediatric 2/67 43[787 1/67 13/787 Low
to Feb 2009 cohort years admitted to hospital

with fever (axillary > 37.5 °C
or care-giver reporting rise in
body temperature) for three
or more days or fever of less
than three days with one of
several physiologic markers
of severity.

(continued on next page)
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Table 1 (continued)

Author and Year Year of Years of data  Country Study Design Participants Paediatric or  iNTS iNTS Typhoid Typhoid Quality
publication  collection Adult? bacteraemia bacteraemia bacteraemia bacteraemia Assessment
among PLHIV ~ among HIV among PLHIV among HIV
uninfected uninfected
Muthumbi 2015 August 1998  Kenya Retrospective Children < 14 years admitted Paediatric 0/2059 14/29275 Low
et al. (paediatric)*® to cohort to hospital had routine blood
December cultures taken
2014
Muthumbi 2015 January 2007 Kenya Retrospective Adults (> 14 years) admitted  Adults 1/2604 3/6776 Low
et al. (adults)*® to cohort to hospital with history of
December fever, axillary temperature of
2014 <36 °C or >37.4 °C, or signs
of focal sepsis
Obaro et al.*® 2011 September Nigeria Prospective Children with fever or Paediatric 0/32 8/937 0/32 22/937 Moderate
2008 to cohort hypothermia attending
November outpatient clinics or
2009 emergency units aged 2
months to 5 years before
admission to tertiary and
district hospitals.
Onchiri et al.*! 2016 April 2012 to  Kenya Prospective Children with axillary Paediatric 2/40 19/1418 Moderate
March 2014 cohort temperature > 37.5 °C aged
between 6 months and five
years presenting to
outpatient clinics at study
sites
Phe et al.*® 2013 January 2009 Cambodia  Retrospective All adults with a community  Adults 16/976 8/4481 2/976 21/4481 Moderate
to cohort acquired episode of systemic
December inflammatory response
2011 syndrome: defined as the
presence of at least two of the
following signs: fever/
hypothermia (temperature
<35 or>38 °C), tachycardia
(heart rate >90 beats/min),
tachypnea (respiratory rate
>20/min) and hypo- or
hyperleukocytosis (white
cells count <4 000 or >12
000/11). between the periods
of study
Vugia et al.*” 1993 May to Cote Prospective Adult patients admitted to 16/202 0/117 1/202 4/117 High
June 1991 d’Ivoire cohort the adult infectious disease

service
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PLHIV HIV-negative
Authors Year Published TF (PLHIV) NoTF TF (HIV-) NoTF Odds Ratio OR 95% CI
Grant et al., 1997 1 199 3 51 <—+—— 0.08 [0.01; 0.79]
Crump et al., (adults) 2011 2 161 24 244 —'— 0.12 [0.03; 0.49]
Vugia et al., 1993 1 202 4 117 —'—- 0.14 [0.02; 1.27]
Archibald et al., 1998 0 282 1 235 0.28 [0.01; 6.82]
Meremo et al., 2012 0 156 1 190 0.40 [0.02; 9.98]
Chheng et al., 2013 0 58 22 1167 0.44 [0.03; 7.26]
Phe et al., 2013 2 976 21 4481 ——-—— 0.44 [0.10; 1.86]
Crump et al., (paediatric) 2011 0 57 6 341 0.45 [0.02; 8.08]
Muthumbi et al., (paediatric) 2015 0 2059 14 29275 0.49 [0.03; 8.22]
Batchelor et al., 1996 6 2623 8 2006 ——:-—— 0.57 [0.20; 1.65]
Biggs et al., 2014 0 202 17 4102 0.58 [0.03; 9.62]
Obaro et al., 2011 0 32 22 937 0.63 [0.04; 10.55]
Kassa-Kelembho et al., 2003 2 116 0 15 0.68 [0.03; 14.76]
Muthumbi et al., (adults) 2015 1 2604 3 6776 ——+l— 0.87 [0.09; 8.34]
Mtove et al., 2010 1 67 13 787 — 0.90 [0.12; 7.00]
Blomberg et al., 2007 0 155 2 756 : 0.97 [0.05; 20.31]
Boillat-Blanco et al., 2021 3 128 8 391 — 1.15 [0.30; 4.40]
Onchiri etal., 2016 2 40 19 1418 T— 3.88 [0.87; 17.23]
Random effects model 10117 53289 < 0.53 [0.30; 0.92]
Heterogeneity: 12 = 1.4%, 12 = 0.3112, p = 0.4383 ' ' Fr '
0.01 0.1 051 2 10

Odds Ratio (log scale)

Fig. 2. Forest plot from a random-effects meta-analysis of 17 studies comparing the odds of blood culture-confirmed Salmonella Typhi infection in PLHIV versus HIV-negative
individuals. Study-specific odds ratios and 95% confidence intervals are shown alongside pooled estimates. Absolute case numbers are displayed to the left of the plot. We
calculated heterogeneity using the I statistic. This figure was generated using the meta package in R (v8.0.1)**.

symptoms.’’*” One study varied eligibility criteria across several
cohorts (Supplementary Table 1).?” We identified issues with po-
tential ascertainment bias for HIV infection in one study, where the
authors relied upon previously established HIV diagnoses, rather
than testing participants for HIV directly.*”

Results of syntheses

In our primary pooled analysis, PLHIV had significantly lower
odds of Salmonella Typhi BSI compared with HIV-negative in-
dividuals (OR 0.53, 95% CI 0.30-0.92; heterogeneity 12=1.4%; Fig. 2).
The Hartung-Knapp method produced an identical point estimate
with a slightly narrower confidence interval (OR 0.53, 95% CI
0.32-0.87; Supplementary Figure 8).

Pooled analysis of 13 studies showed that PLHIV had markedly
increased odds of NTS bacteraemia compared with HIV-negative
participants (OR 4.06, 95% ClI 2.23-7.39), though heterogeneity
across studies was substantial (I2=58.4%; Fig. 3).

Sensitivity analyses and meta-regression

Among studies conducted prior to 2004,2627:29313237 PLHIV had
significantly lower odds of Salmonella Typhi BSI than HIV-negative
participants (OR 0.38, 95% CI 0.17-0.84; 6 studies; low heterogeneity,
12=0%; Fig. 4).

In studies conducted from 2004 onwards,
odds of typhoid BSI in PLHIV were not significantly different com-
pared with HIV-negative participants (OR 0.65, 95% CI 0.34-1.25; 11
studies; low heterogeneity, 12=18%).

Meta-regression indicated a non-significant trend towards in-
creased odds of Salmonella Typhi BSI among PLHIV for every suc-
cessive median date of participant recruitment (coefficient 38%, 95%
CI -18% to 120%; Supplementary Figure 7).

3,30,33,34,36,38-41 the

In studies enrolling paediatric participants, the odds of
Salmonella Typhi BSI were similar between PLHIV and HIV-negative
individuals (OR 1.12, 95% CI 0.48-2.59; low heterogeneity, [2=0%). In
contrast, studies of adult populations showed significantly lower
odds of typhoid fever among PLHIV compared with HIV-negative
participants consistent with the primary outcome finding (OR 0.40,
95% CI 0.23-0.70; Fig. 5).

Quality assessment

Of six studies rated low-risk of bias, PLHIV had significantly lower
odds of Salmonella Typhi BSI compared with HIV-negative in-
dividuals (OR 0.37, 95% CI 0.16-0.87). Among three studies rated
high-risk of bias, PLHIV similarly showed lower odds of typhoid
fever (OR 0.27, 95% CI 0.08-0.92). However, in eight studies with
moderate bias, no significant difference was observed (OR 0.95, 95%
Cl 0.47-1.91). Heterogeneity was moderate among studies with
high-risk of bias but low among studies with low or moderate-risk of
bias (Supplementary Figure 2).

CD4 cell count

Four studies reported mean CD4 cell counts among adult PLHIV
participants, each indicating advanced immunosuppression (range
78-159 cells [ ul).>*"3%3¢ One study reported CD4 percentages and
counts, as befitted their paediatric population - these were similarly
reflective of advanced HIV disease.’° For the four adult studies re-
porting quantitative CD4 cell counts, the pooled odds of Salmonella
Typhi BSI remained significantly lower among PLHIV compared with
HIV-negative participants (OR 0.20, 95% CI 0.08-0.49). Meta-re-
gression suggested a trend towards decreasing odds of typhoid fever
with increasing CD4 cell count, though this was not statistically
significant (Supplementary Figure 3).
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PLHIV HIV-negative
Authors Year Published iNTS (PLHIV) NoiNTS iNTS (HIV) NoiNTS Odds Ratio OR 95% CI
Mtove et al., 2010 2 67 43 787 —— | 053 [0.13; 2.25]
Biggs et al., 2014 9 202 154 4102 -+ i 120 [0.60; 2.38]
Obaro et al., 2011 0 32 8 937 R 1.68 [0.10; 29.78]
Archibald et al., 1998 23 282 6 235 —— 339 [1.36; 847]
Blomberg et al., 2007 7 155 10 756 —F— 353 [1.32; 9.42]
Grant et al., 1997 23 199 1 51 +— 6.53 [0.86; 49.58]
Batchelor et al., 1996 60 2623 7 2006 ——— 6.69 [3.05; 14.66]
Kassa-Kelembho et al., 2003 22 116 0 15 7.38 [0.43; 128.04]
Crump et al., (adults) 2011 2 161 0 244 7.66 [0.37; 160.70]
Phe etal., 2013 16 976 8 4481 s 9.32 [3.98; 21.84]
Vugia et al., 1993 16 202 1 117 — = 9.98 [1.31; 76.25]
Meremo et al., 2012 12 156 1 190 — 15.75 [2.02; 122.53]
Crump et al., (paediatric) 2011 1 57 0 341 18.13 [0.73; 450.65]
Random effects model 5228 14262 <> 4.06 [2.23; 7.39]
[ T T T 1

Heterogeneity: /% = 58.4%, % = 0.5693, p = 0.0041
0.01 01 0512 1020

Odds Ratio (log scale)

Fig. 3. Forest plot from a random-effects meta-analysis of 13 studies comparing the odds of non-typhoidal Salmonella (NTS) bloodstream infection in PLHIV versus HIV-negative
individuals. Study-specific odds ratios with 95% confidence intervals are shown alongside pooled estimates. Heterogeneity was assessed using the I2 statistic. This figure was
generated using the meta package in R (v8.0.1).%%.

Trimethoprim-sulphamethoxazole use Resistance in Salmonella Typhi bloodstream isolates
Only one study reported the proportion of PLHIV taking tri- Four studies reported antimicrobial resistance profiles of
methoprim-sulphamethoxazole prophylaxis, at 29/161 (18%) - we  Salmonella Typhi isolates,>* %% and in three of these trimethoprim-
were therefore unable to assess the influence of this on our primary sulphamethoxazole resistance was common.>>*%*” A pooled ana-
outcome.’ lysis of these three studies showed a non-significant point estimate
PLHIV HIV-negative
Authors Year Published TF (PLHIV) No TF TF (HIV-) No TF Odds Ratio OR 95% CI
National ART Status = pre-ART
Grant et al., 1997 1 199 3 51 e 0.08 [0.01; 0.79]
Vugia et al., 1993 1 202 4 117 0.14 [0.02; 1.27]
Archibald et al., 1998 0 282 1 235 0.28 [0.01; 6.82]
Batchelor et al., 1996 6 2623 8 2006 — 0.57 [0.20; 1.65]
Kassa-Kelembho et al., 2003 2 116 0 15 0.68 [0.03; 14.76]
Blomberg et al., 2007 0 155 2 756 0.97 [0.05; 20.31]
Random effects model 3577 3180 - 0.38 [0.17; 0.84]
Heterogeneity: /2 = 0%, ©* = 0, p = 0.5986 :
National ART Status = post-ART
Crump et al., (adults) 2011 2 161 24 244 _— 0.12 [0.03; 0.49]
Meremo et al., 2012 0 156 1 190 : 0.40 [0.02; 9.98]
Chheng et al., 2013 0 58 22 1167 — 0.44 [0.03; 7.26]
Phe etal., 2013 2 976 21 4481 - 0.44 [0.10; 1.86]
Crump et al., (paediatric) 2011 0 57 6 341 0.45 [0.02; 8.08]
Muthumbi et al., (paediatric) 2015 0 2059 14 29275 0.49 [0.03; 8.22]
Biggs et al., 2014 0 202 17 4102 0.58 [0.03; 9.62]
Obaro et al., 2011 0 32 22 937 0.63 [0.04; 10.55]
Muthumbi et al., (adults) 2015 1 2604 3 6776 0.87 [0.09; 8.34]
Mtove et al., 2010 1 67 13 787 e 0.90 [0.12; 7.00]
Boillat-Blanco et al., 2021 3 128 8 391 — 1.15 [0.30; 4.40]
Onchiri etal., 2016 2 40 19 1418 I —— 3.88 [0.87; 17.23]
Random effects model 6540 50109 B 0.65 [0.34; 1.25]
Heterogeneity: /% = 18%, t° = 0.2300, p = 0.2669
Random effects model 10117 53289 < 0.54 [0.34; 0.88]
Heterogeneity: 12 = 5.3%, < = 0.0582, p = 0.3918 f ) f ! !
Test for subgroup differences: xf =1.09, df =1 (p = 0.2964) 0.01 0.1 051 2 10
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Fig. 4. Forest plot from a random-effects meta-analysis comparing the odds of Salmonella Typhi bloodstream infection in PLHIV versus HIV-negative individuals, stratified by ART
era. We analysed six studies conducted before 2004 (pre-ART rollout) and 11 studies conducted after. Study-specific and pooled odds ratios with 95% confidence intervals are
shown. We assessed heterogeneity using the I2 statistic. The figure was generated using the meta package in R (v8.0.1).%°.
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PLHIV
Authors Year Published TF (PLHIV) No TF
Study Population = Paediatric
Chheng et al., 2013 0 58
Crump et al., (paediatric) 2011 0 57
Muthumbi et al., (paediatric) 2015 0 2059
Biggs et al., 2014 0 202
Obaro et al., 2011 0 32
Mtove et al., 2010 1 67
Blomberg et al., 2007 0 155
Onchiri etal., 2016 2 40
Random effects model 2670
Heterogeneity: 2= 0%, = 0,p =0.7054
Study Population = Adult
Grant et al., 1997 | 199
Crump et al., (adults) 2011 2 161
Vugia et al., 1993 1 202
Archibald et al., 1998 0 282
Meremo et al., 2012 0 156
Phe et al., 2013 2 976
Batchelor et al., 1996 6 2623
Kassa-Kelembho et al., 2003 2 116
Muthumbi et al., (adults) 2015 1 2604
Boillat-Blanco et al., 2021 3 128
Random effects model 7447
Heterogeneity: /> = 2.3%, t> = 0.0196, p = 0.4182
Random effects model 10117

Heterogeneity: /2 = 5.3%, t* = 0.0582, p = 0.3918
Test for subgroup differences: 7} =4.02, df =1 (p = 0.0450)
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HIV-negative

TF (HIV-) No TF Odds Ratio OR 95% CI
22 1167 0.44 [0.03; 7.26]
6 341 0.45 [0.02; 8.08]
14 29275 —_— 0.49 [0.03; 8.22]
17 4102 B 0.58 [0.03; 9.62]
22 937 0.63 [0.04; 10.55]
13 787 e 0.90 [0.12; 7.00]
2 756 0.97 [0.05; 20.31]
19 1418 T— = 3.88 [0.87; 17.23]
38783 < = 1.12 [0.48; 2.59]

3 51 — 0.08 [0.01; 0.79]
24 244 —— 0.12 [0.03; 0.49]
4 117 0.14 [0.02; 1.27]
1 235 0.28 [0.01; 6.82]
1 190 0.40 [0.02; 9.98]
21 4481 0.44 [0.10; 1.86]
8 2006 — T 0.57 [0.20; 1.65]
0 15 0.68 [0.03; 14.76]
3 6776 0.87 [0.09; 8.34]
8 391 — 1.15 [0.30; 4.40]
14506 <> 0.40 [0.23; 0.70]

53289 < 0.54 [0.34; 0.88]
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Fig. 5. Forest plot from a random-effects meta-analysis comparing the odds of Salmonella Typhi bloodstream infection in PLHIV versus HIV-negative individuals, stratified by
population age group. The upper panel includes paediatric studies; the lower panel includes adult studies. We present study-specific and pooled odds ratios with 95% confidence
intervals. We assessed heterogeneity using the I2 statistic. The figure was generated using the meta package in R (v8.0.1).*.

of reduced Salmonella Typhi BSI (OR 0.51, 95% CI 0.18-1.51;
Supplementary Figure 4).

Reporting biases

We found no evidence of publication bias or small-study effects
using funnel plot asymmetry tests for our typhoid meta-analysis
(t=0.88, p=0.40; Supplementary Figure 5) or for our NTS pooled
analysis (t=0.88, p=0.40; Supplementary Figure 6).

Discussion

In this systematic review and meta-analysis we found that PLHIV
have reduced likelihood of blood-culture confirmed typhoid fever,
compared with HIV-negative participants drawn from the same
study populations. In contrast, we found that PLHIV have a greater
risk of bacteraemia due to non-typhoidal Salmonella, in keeping with
its well-characterised role as an opportunistic infection. The op-
posing directions of association for typhoid fever and iNTS, despite
similar diagnostic pathways, suggest that differential healthcare-
seeking behaviour alone is unlikely to explain our findings.

The strongest negative relationship between HIV and typhoid
fever was observed in earlier studies conducted before widespread
roll-out of national ART programmes, whereas later studies did not
replicate this finding. Furthermore, an analysis of four studies in
which PLHIV were known to have severe immunosuppression (CD4
< 200 cells/ul) demonstrated markedly lower odds of Salmonella
Typhi bloodstream infection. This implies a connection between
advanced HIV infection and reduced likelihood of presenting to
healthcare facilities with a positive blood culture for Salmonella
Typhi. This pattern contrasts with findings for iNTS disease, where
the odds of infection dramatically increase with lower CD4 counts.’

In sensitivity analyses, we demonstrated that the relationship
between HIV and reduced Salmonella Typhi BSI was confined to
adults and not observed among children. It remains unclear why HIV
might impact typhoid BSI risk in adults but not in children. Given our
small sample size, there is ongoing uncertainty regarding this as-
sociation in paediatric populations. All but one of the paediatric
studies collected data after 2004, potentially reflecting increased
ART availability. We are unable to formally assess the relative im-
munocompromise of these participants, however, since only one
paediatric study provided CD4% counts.>® Age-stratified prospective
epidemiological studies are needed to clarify any association be-
tween children living with HIV and typhoid fever.

Reassuringly, the pooled odds of Salmonella Typhi BSI among
PLHIV were significantly reduced in studies assessed as low-risk for
bias, suggesting that our primary outcome finding is not a con-
sequence of methodological bias. Notably, the three high-risk studies
were also the oldest in our dataset, raising the possibility of con-
founding between risk of bias and study age, with correspondingly
lower ART coverage.

Our meta-analysis included 17 studies, representing the subset of
blood culture surveillance studies reporting both Salmonella Typhi
bloodstream infection and HIV status. We found that HIV status was
not commonly reported for participants with typhoid fever (which
perhaps reflects the previous uncertainty surrounding any positive
or negative association). As a result, our data was limited due to
studies lacking relevant denominators.

We used the year 2004 as a surrogate indicator of increased ART.
Although we collected data on ART coverage, this information was
limited to one study and did not include blood culture outcomes
stratified by ART use. Our inference linking the reduced HIV-asso-
ciated protection against typhoid over time to ART rollout therefore
remains cautious. The shift in typhoid epidemiology following the
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introduction of multidrug-resistant (MDR) H58 lineage Salmonella
Typhi to Africa in 2010 may also be a contributing factor.”” H58
Salmonella Typhi is resistant to antibiotics commonly used in the
community in resource-limited settings, including chloramphenicol,
trimethoprim-sulphamethoxazole, and amoxicillin: it is possible
that antibiotic prophylaxis provided to PLHIV offered some protec-
tive effect prior to the emergence of H58, after which typhoid rates
in PLHIV started to rise.

Nine of 17 studies did not fully describe their microbiological
methods for distinguishing Salmonella Typhi from other Salmonella
species. However, since both PLHIV and HIV-uninfected individuals
were drawn from the same study populations, suboptimal diagnostic
ascertainment should have affected both groups equally.

The inverse association between HIV and blood culture-con-
firmed typhoid fever has been remarked upon before, though never
by a study that was explicitly designed to investigate it. In their 2010
review of community-acquired BSIs in Africa, Reddy and colleagues
estimate reduced typhoid odds of 0.07 in PLHIV (no confidence in-
tervals provided).” In a 2014 review of community-acquired BSI
among PLHIV in Africa, Huson and colleagues estimate odds of 0.11
(95% CI1 0.05-0.22).% Due to their non-purposive design, these studies
based their observations on only three and four studies, respectively.
By systematically searching the literature, we have been able to
synthesise 17 studies, strengthening confidence in our findings.
Despite not having been definitively investigated, the possibility of a
negative association between HIV and typhoid fever has permeated
through to published literature. Crump and colleagues made note of
this observation in the study included in this synthesis, prompting
an editorial commentary.**

In this commentary, Levine suggests three mechanisms by which
PLHIV might be presenting with fewer Salmonella Typhi BSI: first,
that a greater risk of disability or death reduces presentation to
hospitals; second, that trimethoprim-sulphamethoxazole prophy-
laxis prevents Salmonella Typhi from gaining a foothold; and third,
that a host-specific mechanism limits clinical manifestations after
exposure. We further speculate that Salmonella Typhi itself might
interact differently with the HIV-infected host, influencing either
pathogenicity or clinical presentation distinctively from HIV-nega-
tive individuals.

While disability or death could reduce hospital presentation
among people living with HIV (PLHIV), typhoid fever typically causes
less severe disease than iNTS.**~*” Given that we observed the ex-
pected positive association between HIV and iNTS within the same
study populations, it seems unlikely that PLHIV would system-
atically fail to seek care for typhoid but not for iNTS.

Trimethoprim-sulphamethoxazole  has  activity  against
Staphylococcus aureus (including methicillin-resistant strains, MRSA)
and other Enterobacterales. If prophylaxis were responsible for the
reduced incidence of Salmonella Typhi BSI, it follows that other
susceptible organisms would be similarly impacted. As we demon-
strate here, iNTS disease was positively associated with HIV in the
included studies.

The host response and symptom manifestations to typhoid may
also be altered by HIV. The onset of symptoms in typhoid fever has
been shown to coincide with cell-mediated immune responses,
which would be attenuated in late-stage HIV.***® If symptoms of
clinical typhoid are not manifest, those infected may not present to
healthcare facilities.

Though speculative, there are plausible mechanisms by which
HIV might alter the pathogenesis of Salmonella Typhi infection. In
her doctoral thesis, NJ reported that HIV is associated with an in-
creased frequency of TNF-alpha and Interferon-gamma producing
mucosal-associated invariant T (MAIT) cells in the blood and duo-
denum when the cells are stimulated with Salmonella Typhi.*° Sal-
monella Typhi typically elicits a weak inflammatory response in the
intestinal mucosa, which may facilitate its invasion.”®>! PLHIV have
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dysregulated innate immunity within the gut - the uptake of the
pathogen into antigen-presenting cells and consequent dissemina-
tion across the gut epithelial barrier may therefore be impaired.””
Further mechanistic studies to explore these pathways are war-
ranted and may yield insights into HIV-associated immune re-
sponses, host susceptibility, and potential therapeutic or preventive
strategies.

We present evidence from all available studies and thereby
confirm a negative association between HIV infection and blood
culture-confirmed typhoid fever in adult populations. Clinicians
working in regions where HIV and typhoid fever are co-endemic
should be aware of this interaction. Future studies should system-
atically ascertain and report HIV status in blood culture surveillance,
particularly among paediatric populations, to further clarify these
associations. Importantly, these findings should not diminish en-
thusiasm for the typhoid conjugate vaccine, which remains a safe
and highly effective public health intervention for children and tar-
geted adult populations in endemic areas. However, our data suggest
that adults living with HIV do not constitute a group at increased risk
of typhoid fever, which may warrant reconsideration of current
vaccination guidelines.

Funding

Dr Peter Johnston is funded by the Wellcome Trust [227519/Z/23/
Z] through the Liverpool Clinical PhD Programme for Health
Priorities in the Global South.

Professor Melita Gordon is supported by an AXA Research
Fellowship.

Dr Thomas Darton is supported by the Bill & Melinda Gates
Foundation [OPP1174879] and by the Wellcome Trust [219736/Z/
19/Z].

Declaration of Competing Interest

Dr. Peter 1. Johnston: No conflicts of interest to declare.

Dr. Wankumbu Chisala: No conflicts of interest to declare.

Dr. Adam Hinchcliffe: No conflicts of interest to declare.

Miss. Chipiliro Mhango: No conflicts of interest to declare.

Dr. Ndaru Jambo: No conflicts of interest to declare.

Mr. Matthew R. Cooper: No conflicts of interest to declare.

Dr. Farah Shahi: No conflicts of interest to declare.

Professor Melita A. Gordon: No conflicts of interest to declare.
Dr. Thomas C. Darton: No conflicts of interest to declare.

Acknowledgements

We thank Anthea Sutton, Information Specialist at the University
of Sheffield, for peer-reviewing our search strategy.

We are also grateful to Dr Alexander Stockdale for his detailed
proof-reading and editorial suggestions.

Appendix A. Supporting information

Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.jinf.2025.106572.

References

1. Huson MA, Stolp SM, van der Poll T, Grobusch MP. Community-acquired bacterial
bloodstream infections in HIV-infected patients: a systematic review. Clin Infect Dis
2014;58(1):79-92.

2. Reddy EA, Shaw AV, Crump JA. Community-acquired bloodstream infections in
Africa: a systematic review and meta-analysis. Lancet Infect Dis 2010;10(6):417-32.

3. Crump JA, Ramadhani HO, Morrissey AB, Saganda W, Saganda MS, Yang LY, et al.
Invasive bacterial and fungal infections among hospitalized HIV-infected and HIV-
uninfected adults and adolescents in northern Tanzania. Clin Infect Dis
2011;52(3):341-8.


https://doi.org/10.1016/j.jinf.2025.106572
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref1
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref1
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref1
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref2
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref2
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref3
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref3
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref3
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref3

PI. Johnston, W. Chisala, A. Hinchcliffe et al.

4.

w

~

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Huson MA, Stolp SM, van der Poll T, Grobusch MP. Community-acquired bacterial
bloodstream infections in HIV-infected patients: a systematic review. Clin Infect Dis
2014;58(1):79-92.

. Uche IV, MacLennan CA, Saul A. A systematic review of the incidence, risk factors

and case fatality rates of invasive nontyphoidal Salmonella (iNTS) disease in Africa
(1966 to 2014). PLoS Negl Trop Dis 2017;11(1):e0005118.

. Gordon MA, Banda HT, Gondwe M, Gordon SB, Boeree M], Walsh AL, et al. Non-

typhoidal salmonella bacteraemia among HIV-infected Malawian adults: high mor-
tality and frequent recrudescence. AIDS 2002;16(12):1633-41.

. Kankwatira AM, Mwafulirwa GA, Gordon MA. Non-typhoidal salmonella bacter-

aemia—an under-recognized feature of AIDS in African adults.
2004;34(4):198-200.

Trop Doct

. Stanaway ]D, Reiner RC, Blacker BF, Goldberg EM, Khalil IA, Troeger CE, et al. The

global burden of typhoid and paratyphoid fevers: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet Infect Dis 2019;19(4):369-81.

. Meiring JE, Khanam F, Basnyat B, Charles RC, Crump JA, Debellut F, et al. Typhoid

fever. Nat Rev Dis Primers 2023;9(1).

Antillon M, Saad NJ, Baker S, Pollard AJ, Pitzer VE. The relationship between blood
sample volume and diagnostic sensitivity of blood culture for typhoid and para-
typhoid fever: a systematic review and meta-analysis. ] Infect Dis
2018;218(suppl_4):5255-67.

UNAIDS. Global HIV statistics; 2024. (https://www.unaids.org/en/resources/fact-
sheet) (accessed 04/03/2025).

Piovani D, Figlioli G, Nikolopoulos GK, Bonovas S. The global burden of enteric fever,
2017-2021: a systematic analysis from the global burden of disease study 2021.
EClinicalMedicine 2024;77:102883.

Neuzil KM, Basnyat B, Clemens ]JD, Gordon MA, Patel PD, Pollard A], et al. Early
insights from clinical trials of typhoid conjugate vaccine. Clin Infect Dis
2020;71(Supplement_2):S155-9.

World Health Organization. Typhoid vaccines: WHO position paper, March
2018—recommendations. Vaccine 2019;37(2):214-6.

Bramer WM, Rethlefsen ML, Kleijnen ], Franco OH. Optimal database combinations
for literature searches in systematic reviews: a prospective exploratory study. Syst Rev
2017;6:1-12.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
2021;372:n71.

Innovation VH. Covidence systematic review software. Merlbourne, Australia:
Veritas Health Innovation. URL: www.covidence.org [Accessed 01/05/2025].
Marchello CS, Fiorino F, Pettini E, Crump JA, Martin LB, Breghi G, et al. Incidence of
non-typhoidal Salmonella invasive disease: a systematic review and meta-analysis. |
Infect 2021;83(5):523-32.

Grimont PAD, Francois-Xavier W. Antigenic Formulae of the Salmonella Serovars:
WHO Collaborating Centre for Reference and Research on Salmonella. Institut
Pasteur; 2007. URL: www.pasteur.fr/sites/default/files/veng_0.pdf [accessed 04/
06/2024].

Baker S, Blohmke CJ, Maes M, Johnston PI, Darton TC. The current status of enteric
fever diagnostics and implications for disease control. Clin Infect Dis
2020;71(Supplement_2):564-70.

Grimont PA, Weill F-X. Antigenic formulae of the Salmonella serovars. WHO
collaborating centre for reference and research on Salmonella; 2007;9:1-166.
URL: www.pasteur.fr/sites/default/files/veng_0.pdf [Accessed 17/03/2025].

Gilks CF, Crowley S, Ekpini R, Gove S, Perriens ], Souteyrand Y, et al. The WHO
public-health approach to antiretroviral treatment against HIV in resource-limited
settings. Lancet 2006;368(9534):505-10.

Balduzzi S, Riicker G, Schwarzer G. How to perform a meta-analysis with R: a
practical tutorial. BMJ Ment Health 2019;22(4):153-60.

Team RC. R: A Language and Envrionment for Statistical Computing. 4.3.3 ed.
Vienna, Austria; 2024. URL: https://www.r-project.org [accessed 04/04/2025].
Viechtbauer W. Conducting meta-analyses in R with the metafor package. ] Stat
Softw 2010;36:1-48.

Archibald LK, den Dulk MO, Pallangyo K], Reller LB. Fatal Mycobacterium tu-
berculosis bloodstream infections in febrile hospitalized adults in Dar es Salaam,
Tanzania. Clin Infect Dis 1998;26(2):290-6.

Batchelor BI, Kimari JN, Brindle R]. Microbiology of HIV associated bacteraemia and
diarrhoea in adults from Nairobi, Kenya. Epidemiol Infect 1996;117(1):139-44.
Biggs HM, Lester R, Nadjm B, Mtove G, Todd JE, Kinabo GD, et al. Invasive
Salmonella infections in areas of high and low malaria transmission intensity in
Tanzania. Clin Infect Dis 2014;58(5):638-47.

Blomberg B, Manji KP, Urassa WK, Tamim BS, Mwakagile DS, Jureen R, et al.
Antimicrobial resistance predicts death in Tanzanian children with bloodstream in-
fections: a prospective cohort study. BMC Infect Dis 2007;7:43.

10

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

45.

46.

47.

48.

49.

50.

51.

52.

Journal of Infection 91 (2025) 106572

Crump JA, Ramadhani HO, Morrissey AB, Msuya LJ, Yang LY, Chow SC, et al.
Invasive bacterial and fungal infections among hospitalized HIV-infected and HIV-
uninfected children and infants in northern Tanzania. Trop Med Int Health
2011;16(7):830-7.

Grant AD, Djomand G, Smets P, Kadio A, Coulibaly M, Kakou A, et al. Profound
immunosuppression across the spectrum of opportunistic disease among hospitalized
HIV-infected adults in Abidjan, Cote d'Ivoire. AIDS 1997;11(11):1357-64.
Kassa-Kelembho E, Mbolidi CD, Service YB, Morvan ], Minssart P. Bacteremia in
adults admitted to the Department of Medicine of Bangui Community Hospital
(Central African Republic). Acta Trop 2003;89(1):67-72.

Meremo A, Mshana SE, Kidenya BR, Kabangila R, Peck R, Kataraihya JB. High
prevalence of Non-typhoid salmonella bacteraemia among febrile HIV adult patients
admitted at a tertiary Hospital, North-Western Tanzania. Int Arch Med 2012;5(1):28.
Mtove G, Amos B, von Seidlein L, Hendriksen I, Mwambuli A, Kimera ], et al.
Invasive salmonellosis among children admitted to a rural Tanzanian hospital and a
comparison with previous studies. PLoS One 2010;5(2):e9244.

Obaro S, Lawson L, Essen U, Ibrahim K, Brooks K, Otuneye A, et al. Community
acquired bacteremia in young children from central Nigeria—a pilot study. BMC Infect
Dis 2011;11:137.

Phe T, Vlieghe E, Reid T, Harries AD, Lim K, Thai S, et al. Does HIV status affect the
aetiology, bacterial resistance patterns and recommended empiric antibiotic treat-
ment in adult patients with bloodstream infection in Cambodia? Trop Med Int Health
2013;18(4):485-94.

Vugia D], Kiehlbauch JA, Yeboue K, N'Gbichi JM, Lacina D, Maran M, et al.
Pathogens and predictors of fatal septicemia associated with human im-
munodeficiency virus infection in Ivory Coast, west Africa. | Infect Dis
1993;168(3):564-70.

Chheng K, Carter MJ, Emary K, Chanpeaktra N, Moore CE, Stoesser N, et al. A
prospective study of the causes of febrile illness requiring hospitalization in children
in Cambodia. PLoS One 2013;8(4):e60634.

Boillat-Blanco N, Mbarack Z, Samaka ], Mlaganile T, Kazimoto T, Mamin A, et al.
Causes of fever in Tanzanian adults attending outpatient clinics: a prospective cohort
study. Clin Microbiol Infect 2021;27(6):913.e1-7.

Muthumbi E, Morpeth SC, Ooko M, Mwanzu A, Mwarumba S, Mturi N, et al.
Invasive Salmonellosis in Kilifi, Kenya. Clin Infect Dis 2015;61(Suppl 4):5290-301.
Onchiri FM, Pavlinac PB, Singa BO, Naulikha JM, Odundo EA, Farquhar C, et al. Low
bacteremia prevalence among febrile children in areas of differing malaria trans-
mission in Rural Kenya: a cross-sectional study. ] Pediatr Infect Dis Soc
2016;5(4):385-94.

Wong VK, Baker S, Pickard DJ, Parkhill ], Page AJ], Feasey NA, et al.
Phylogeographical analysis of the dominant multidrug-resistant H58 clade of
Salmonella Typhi identifies inter-and intracontinental transmission events. Nat Genet
2015;47(6):632-9.

Levine MM, Farag TH. Invasive salmonella infections and HIV in Northern Tanzania.
Oxford University Press; 2011. p. 349-51.

. Marchello CS, Birkhold M, Crump JA. Complications and mortality of typhoid fever:

a global systematic review and meta-analysis. | Infect 2020;81(6):902-10.

Uche IV, MacLennan CA, Saul A. A systematic review of the incidence, risk factors
and case fatality rates of invasive nontyphoidal Salmonella (iNTS) disease in Africa
(1966 to 2014). PLoS Negl Trop Dis 2017;11(1):e0005118.

Feasey NA, Masesa C, Jassi C, Faragher EB, Mallewa ], Mallewa M, et al. Three
epidemics of invasive multidrug-resistant Salmonella bloodstream infection in
Blantyre, Malawi, 1998-2014. Clin Infect Dis 2015;61(suppl_4):5S363-71.
Marchello CS, Birkhold M, Crump JA, Martin LB, Ansah MO, Breghi G, et al.
Complications and mortality of non-typhoidal salmonella invasive disease: a global
systematic review and meta-analysis. Lancet Infect Dis 2022;22(5):692-745.
Sztein MB. Cell-mediated immunity and antibody responses elicited by attenuated
Salmonella enterica Serovar Typhi strains used as live oral vaccines in humans. Clin
Infect Dis 2007;45(Supplement_1):515-9.

Jambo N. Characterising innate-like T-cell responses against Salmonella Typhi
infections in Malawian individuals: University of Liverpool; 2024. URL: https://
livrepository.liverpool.ac.uk/3180733/ [Accessed 16/05/2025].

Sharma A, Qadri A. Vi polysaccharide of Salmonella typhi targets the prohibitin fa-
mily of molecules in intestinal epithelial cells and suppresses early inflammatory
responses. Proc Natl Acad Sci USA 2004;101(50):17492-7.

Raffatellu M, Chessa D, Wilson RP, Dusold R, Rubino S, Baumler AJ. The Vi capsular
antigen of Salmonella enterica serotype Typhi reduces Toll-like receptor-dependent
interleukin-8  expression in  the intestinal mucosa. Infect Immun
2005;73(6):3367-74.

Xiao Q, Yu F, Yan L, Zhao H, Zhang F. Alterations in circulating markers in HIV/AIDS
patients with poor immune reconstitution: novel insights from microbial transloca-
tion and innate immunity. Front Immunol 2022;13:1026070.


http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref4
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref4
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref4
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref5
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref5
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref5
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref6
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref6
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref6
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref7
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref7
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref7
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref8
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref8
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref8
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref9
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref9
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref10
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref10
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref10
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref10
https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/en/resources/fact-sheet
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref11
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref11
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref11
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref12
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref12
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref12
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref13
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref13
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref14
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref14
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref14
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref15
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref15
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref15
http://www.covidence.org
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref16
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref16
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref16
http://www.pasteur.fr/sites/default/files/veng_0.pdf
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref17
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref17
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref17
https://www.pasteur.fr/sites/default/files/veng_0.pdf
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref18
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref18
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref18
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref19
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref19
https://www.r-project.org
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref20
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref20
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref21
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref21
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref21
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref22
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref22
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref23
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref23
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref23
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref24
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref24
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref24
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref25
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref25
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref25
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref25
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref26
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref26
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref26
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref27
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref27
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref27
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref28
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref28
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref28
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref29
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref29
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref29
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref30
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref30
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref30
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref31
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref31
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref31
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref31
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref32
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref32
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref32
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref32
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref33
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref33
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref33
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref34
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref34
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref34
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref35
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref35
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref36
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref36
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref36
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref36
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref37
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref37
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref37
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref37
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref38
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref38
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref39
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref39
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref40
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref40
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref40
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref41
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref41
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref41
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref42
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref42
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref42
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref43
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref43
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref43
https://livrepository.liverpool.ac.uk/3180733/
https://livrepository.liverpool.ac.uk/3180733/
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref44
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref44
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref44
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref45
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref45
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref45
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref45
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref46
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref46
http://refhub.elsevier.com/S0163-4453(25)00166-5/sbref46

	HIV status and the risk of typhoid fever and iNTS: A systematic review and meta-analysis
	Introduction
	Methods
	Data analysis

	Results
	Study selection
	Study characteristics
	Risk of bias
	Results of syntheses
	Sensitivity analyses and meta-regression
	Quality assessment
	CD4 cell count
	Trimethoprim-sulphamethoxazole use
	Resistance in Salmonella Typhi bloodstream isolates
	Reporting biases

	Discussion
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A. Supporting information
	References


