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Efficacy of typhoid vaccines against culture-confirmed 
Salmonella Typhi in typhoid endemic countries: a systematic 
review and meta-analysis
Rabab Batool, Zoya Haq Qamar, Rehana Abdus Salam, Mohammad Tahir Yousafzai, Per Ashorn, Farah Naz Qamar

Summary
Background Typhoid is a serious public health threat in many low-income and middle-income countries. Several 
vaccines for typhoid have been recommended by WHO for typhoid prevention in endemic countries. This study 
aimed to review the efficacy of typhoid vaccines against culture-confirmed Salmonella enterica serovar Typhi.

Methods We searched the Cochrane Central Register of Controlled Trials, MEDLINE, and Embase for studies 
published in English between Jan 1, 1986 and Nov 2, 2023. We included randomised controlled trials (RCTs) comparing 
typhoid vaccines with a placebo or another vaccine. This meta-analysis evaluated the efficacy and safety of several 
typhoid vaccines, including live attenuated oral Ty21a vaccine, Vi capsular polysaccharide (Vi-PS), Vi polysaccharide 
conjugated to recombinant Pseudomonas aeruginosa exotoxin A vaccine (Vi-rEPA), and Vi-tetanus toxoid conjugate 
vaccine (TCV). The certainty of evidence for key outcomes was evaluated using Grading of Recommendations, 
Assessment, Development, and Evaluations methodology. The outcome of interest was typhoid fever confirmed by 
the isolation of Salmonella enterica serovar Typhi in blood and adverse events following immunisation. This study is 
registered with PROSPERO (CRD42021241043).

Findings We included 14 RCTs assessing four different vaccines (Ty21a: four trials; Vi-PS: five trials; Vi-rEPA: one trial; 
TCV: four trials) involving 585 253 participants. All trials were conducted in typhoid endemic countries and the age of 
participants ranged from 6 months to 50 years. The pooled efficacy against typhoid fever was 45% (95% CI 33–55%; 
four trials; 247 649 participants; I² 59%; moderate certainty) for Ty21a and 58% (44–69%; five trials; 214 456 participants; 
I² 34%; moderate certainty) for polysaccharide Vi-PS. The cumulative efficacy of two doses of Vi-rEPA vaccine at 
2 years was 91% (88–96%; one trial; 12 008 participants; moderate certainty). The pooled efficacy of a single shot of 
TCV at 2 years post-immunisation was 83% (77–87%; four trials; 111 130 participants; I² 0%; moderate certainty). All 
vaccines were safe, with no serious adverse effects reported in the trials.

Interpretation The existing data from included trials provide promising results regarding the efficacy and safety of the 
four recommended typhoid vaccines. TCV and Vi-rEPA were found to have the highest efficacy at 2 years post-
immunisation. However, follow-up data for Vi-rEPA are scarce and only TCV is pre-qualified by WHO. Therefore, 
roll-out of TCV into routine immunisation programmes in typhoid endemic settings is highly recommended.

Funding There was no funding source for this study.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND  
4.0 license. 

Introduction
Typhoid fever continues to pose a serious public health 
threat, with a substantial burden of typhoid-related 
morbidities and mortalities predominantly in low-
income and middle-income settings.1 Typhoid fever is a 
major cause of enteric diseases responsible for 
approximately 11–20 million infections and approximately 
128 000–161 000 deaths worldwide annually.2–4

In November, 2016, a widespread outbreak of 
extensively drug-resistant (XDR) Salmonella enterica 
serovar Typhi, resistant to third-generation cephalosporin, 
was reported in Sindh Province Pakistan.5,6 The only 
treatment options for XDR typhoid are carbapenems and 
azithromycin. Decreased susceptibility and resistance 
to azithromycin have been observed in Bangladesh; 

between October, 2016 and July, 2018, 32 of 2519 isolates 
of S Typhi were confirmed to be azithromycin resistant.7 
Infection with drug-resistant S Typhi leads to increased 
morbidity and mortality, with an economic impact due to 
prolonged hospitalisation and increased treatment cost.5,7 
Due to the emergence of drug-resistant typhoid strains 
in endemic settings, typhoid vaccines are included on 
WHO’s list of essential medicines for priority diseases.8

Efficacious and safe typhoid vaccines have existed 
since the early 1990s but were not introduced into 
routine immunisation.9 Three to four doses of oral 
typhoid vaccine Ty21a vaccine provide 50% protection 
for 2·5–3·0 years,9 whereas a single shot of parenteral Vi 
polysaccharide (Vi-PS) vaccine provides 69% protection 
for 3·0 years. Both these vaccines are licensed for use in 
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individuals aged 2 years and older, and neither is 
recommended for children younger than 2 years.9 Two 
tetanus-toxoid conjugated Vi polysaccharide typhoid 
vaccines, Typbar–Typhoid Conjugate Vaccine (TCV) and 
TyphiBEV have been licensed by WHO recently, after 
demonstrated safety, high efficacy, and sustained 
seroprevalence as compared with Vi-PS vaccine. TCV 
and TyphiBEV are licensed and have been shown to be 
safe and effective for children aged 6 months, making 
them suitable for use in routine immunisation 
programmes.

Typhoid vaccines are safe and effective and were 
recommended by WHO for typhoid control in 2000 and 
2007, with prioritised immediate implementation in 
2009. In 2018, WHO sanctioned the administration of 
TCV to children in endemic countries, especially those 
with a high burden of drug-resistant S Typhi.10

This systematic review aimed to synthesise evidence 
on the efficacy and safety of typhoid vaccines against 
culture-confirmed S Typhi. This knowledge is essential 
for an updated evaluation of the efficacy and safety profile 
of individual typhoid vaccines from existing randomised 
controlled trials (RCTs) in meta-analyses.

Methods
This systematic review was conducted and reported 
in accordance with the PRISMA guidelines11 and 
registered on the prospective international register of 

systematic reviews (protocol ID CRD42021241043). The 
conventional population, intervention/exposure, com
parison, outcome, study design (PICOS) framework 
approach was used to predefine the research question, 
determine the eligibility criteria, and guide the literature 
search strategy (appendix p 3).

Search strategy and selection criteria
Cochrane Central Register of Controlled Trials 
(CENTRAL), MEDLINE, and Embase databases were 
systematically searched for studies published between 
Jan 1, 1986 and Nov 2, 2023. RCTs (including individual 
and cluster randomised trials) reporting vaccine efficacy 
or vaccine efficacy and safety for typhoid fever compared 
with control (placebo or vaccine for any infection other 
than typhoid fever) were eligible. The bibliography of all 
relevant systematic reviews and clinical trials that were 
included was reviewed to identify any additional studies 
related to the subject that might have been missed during 
the electronic search. Furthermore, we performed a 
Google Web search for the titles of all included studies 
and examined the first 50 results to ensure that no 
relevant articles were overlooked. A combination of the 
following key terms was used for the search strategy: 
(typhoid* OR Salmonella Typhi* OR S* Typhi OR typhoid 
fever) AND (vaccine OR typhoid vaccine OR typhoid 
conjugate vaccine OR typhoid polysaccharide vaccine OR 
S Typhi Vaccine OR Live Attenuated Ty21a OR Ty21a OR 

Research in context

Evidence before this study
Typhoid vaccines are a standard for typhoid prevention and 
control tools in endemic settings owing to recurrent outbreaks 
and the escalating challenge of antimicrobial resistance 
(AMR). However, an integrated approach combined with 
water sanitation and hygiene practices is advocated for the 
control of enteric infections in low-income and middle-
income countries. We searched the Cochrane Central Register 
of Controlled Trials (CENTRAL), MEDLINE, and Embase for 
studies published in English from Jan 1, 1986, to Nov 2, 2023, 
using the keywords “typhoid” and “vaccine” and (“efficacy” or 
“effectiveness” or “effect”) in the title or abstract. We also 
consulted the WHO Strategic Advisory Group of Experts on 
Immunization working group on typhoid vaccines’ position 
papers for any additional publications that might have been 
missed by the search. Only one systematic review of typhoid 
vaccines reporting the efficacy of both oral and intramuscular 
inactivated whole-cell vaccine, published in the last 5 years, 
was identified. The results showed moderate certainty 
evidence for the vaccine efficacy of Ty21a and Vi-PS 2 years 
after vaccination in adults and children older than 2 years in 
endemic countries. The review revealed moderate certainty 
evidence for Vi-rEPA, but the data came from a single trial 
with children aged 2–5 years conducted in Viet Nam. 
Moreover, the data on the efficacy of Vi-tetanus toxoid 

conjugate vaccine (TCV) were also scarce, with one trial from 
India reporting the efficacy of a single dose of vaccine 1-year 
post-vaccination. Subgroup analysis by age was not 
performed for any of these vaccines and the vaccines were 
reported to be safe.

Added value of this study
This review aimed to assess the efficacy and safety of all WHO-
recommended typhoid vaccines, including all evidence 
generated with the recently licensed TCV vaccine. Our study 
incorporated subgroup analyses by age to help elucidate the 
heterogeneity in efficacy estimates due to age. We found that 
TCV is the most effective vaccine available, and it is safe for 
children younger than 2 years. TCV probably results in a large 
reduction in the incidence of typhoid fever among individuals 
aged 6 months to 16 years 1–2 years post-immunisation. 
However, efficacy is significantly lower in children aged 5 years 
and younger than children older than 5 years.

Implications of all the available evidence
According to the available evidence, a single dose of TCV 
provides high levels of protection 1–2 years post-immunisation, 
making it a practical option for use in outbreaks. Further 
research is needed to understand long-term efficacy, booster 
dose requirements, effect on AMR and disease severity, and 
indirect effects of the vaccine.

See Online for appendix
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conjugate vaccine OR Typbar TCV OR Typbar OR TCV 
OR typhoid vaccine M01ZH09 OR M01ZH09 OR 
PedaTyph) AND (Efficacy OR effectiveness OR effect OR 
impact OR eff*). The searched terms and strategies for 
each database are described in the appendix (p 4).

Search results were exported into reference management 
software (EndNote X9; Thomson Reuters, Philadelphia, 
PA, USA), duplicates were removed, and all the included 
trials were uploaded into the Covidence Systematic Review 
Software for screening. Two review authors (RB and 
ZHQ) screened the titles, abstracts, and full texts for 
eligibility. Discrepancies were recorded and resolved by 
consensus with the senior author (RAS). Reasons for 
exclusion were recorded for studies that were excluded 
after full-text screening.

Data collection and analysis
Data were extracted from eligible studies by two 
independent reviewers (RB and ZHQ) using a 
predesigned extraction sheet. Discrepancies in data were 
resolved through discussion until agreement was 
achieved or by consulting a senior author (RAS) when 
necessary. Data were extracted on the type of vaccine; 
number of shots or doses; follow-up duration; nature of 
vaccine formulation specifically for Ty21a, including type 
of capsule and liquid formulation; mode of administration 
(oral or intramuscular); type of surveillance method for 
vaccine efficacy; age of trial participants; and outcomes 
reported (vaccine efficacy and adverse events).

If the included cluster-RCTs were not adjusted for 
clustering, design effect was calculated using the 
reported intra-cluster correlation coefficient (ICC) and 
mean cluster size from the trials’ original datasets. The 
techniques described in the Cochrane Handbook for 
Systematic Reviews of Interventions were used to 
calculate the effective sample sizes.12 The estimates from 
the individually randomised and cluster-adjusted RCTs 
were pooled using the generic inverse variance method. 
Meta-analysis was performed by pooling data on RevMan 
software (5.4·1). Data on the primary outcome of interest 
(ie, typhoid fever cases) were extracted as number of 
participants with the event and the number analysed in 
both intervention and control groups. These data are 
reported as risk ratios (RRs) and 95% CIs. If a single trial 
compared multiple vaccine groups with a control group, 
we included each group separately. To avoid having the 
same control group data counted more than once within 
the same comparison, we split the control group 
denominator equally for each group, with the assumption 
of equal incidence rates among these groups. Subgroup 
analysis was conducted by age group and duration of 
follow-up, when applicable. A random effects model was 
used for all analyses, as data were heterogeneous. 
Statistical heterogeneity was assessed using τ², I², and 
the significance of the χ² test. Furthermore, heterogeneity 
was judged by visually inspecting forest plots. Publication 
bias was assessed to investigate possible small-study and 

publication biases using funnel plots by assessing 
asymmetry.

As this is a systematic review and based on the nature 
of the research, the ethical review committee of Aga 
Khan University, Karachi, Pakistan granted an exemption 
for ethical approval of the study (protocol number 6204).

Quality assessment of included studies
Quality assessment was performed by using the Cochrane 
Collaboration risk of bias 2.0 tool for randomised 
clinical trials and cluster RCTs of intervention.12–15 
Two independent reviewers (RB and ZHQ) evaluated the 
quality of all included studies and incongruities were 
resolved by agreement or by consulting a senior reviewer 
(RAS).

Quality of evidence for outcomes of interest was 
summarised as per the Grading of Recommendations, 
Assessment, Development, and Evaluations (GRADE) 
criteria.16 The assessment encompasses the examination 
of the potential within-study risk of bias, directness of 
evidence, heterogeneity, the precision of effect estimates, 
and risk of publication bias. For each key outcome, the 
level of certainty was rated as high, moderate, low, or very 
low.

Role of the funding source
There was no funding source for this study.

Results
A total of 819 studies were identified in the databases 
searched. After removing 189 duplicates, 630 unique 
citations were left, 567 of which were deemed potentially 
irrelevant and eliminated after screening titles and 
abstracts. After screening the title and abstract full text, 
63 potentially eligible studies were retrieved for further 
review, of which 12 studies met the inclusion criteria. 
Before finalising the analysis, we explored two additional 
articles through manual searching and included a total of 
14 articles (figure 1).17–30 Four trials assessed the efficacy 
of Ty21a,18,19,21,22 five trials assessed the efficacy of 
Vi-polysaccharide vaccines,17,22,23,25,31 one trial assessed the 
efficacy of Vi-rEPA,26 and four trials assessed the efficacy 
of TCV vaccines.27–30 Seven trials reported data on adverse 
events; however, meta-analysis could not be conducted 
due to heterogeneity of the outcomes reported as adverse 
events.17–23,25–31 The characteristics of the included studies 
are summarised in the appendix (pp 5–6).

The selected studies included 585 253 participants, 
aged between 6 months and 50 years. The included 
studies were conducted in typhoid endemic countries. 
Seven studies were individually randomised trials and 
seven were cluster randomised trials. Three trials did not 
adjust for clustering18,19,27 and sample sizes were adjusted 
for these studies as specified in the methodology section. 
We performed subgroup analysis by year of follow-up 
post-vaccination and age of participants, when reported 
by the included studies. We assessed the methodological 

For more on Covidence see 
https://www.covidence.org/
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quality of articles using the Revised Cochrane risk of 
bias tool for randomized trials (RoB 2.0). Seven of 
14 trials evaluating vaccine efficacy showed low-risk 
randomisation procedures. Seven studies were judged to 
have some concerns for sequence generation. All studies 
presented low bias for incomplete outcome data (attrition 
bias); attrition percentage was less than 30%. Overall, six 
studies presented high risk of bias (appendix pp 6–8).

Four studies reported data on vaccine efficacy for 
Ty21a.18–21 Ty21a vaccine probably reduces the incidence of 
typhoid fever (vaccine efficacy 45% [95% CI 33–55%]; four 
trials; 247 649 participants; I² 59%; moderate certainty) at 
1–3 years post-vaccination. The random-effects pooled 
vaccine efficacy of Ty21a at 1–5 years post-vaccination was 
43% (30%–53%; four trials; 247 649 participants; I² 66%; 
moderate certainty); therefore, Ty21a vaccine probably 
reduces the incidence of typhoid fever among the 
participants aged 3–44 years over a period of 1–5 years 
post-vaccination (figure 2).

We conducted subgroup analysis by age, as two trials18,19 
evaluated the efficacy of the Ty21a vaccine and stratified 
vaccine efficacy results according to the age groups. The 
vaccine efficacy of Ty21a among the participants aged 
10 years or older was marginally higher than the vaccine 
efficacy observed in participants aged 5–9 years. However, 
the CIs are overlapping; therefore, the difference in effect 
estimates between the two subgroups is judged to be 
statistically insignificant and there is no indication of 
effect modification on the efficacy of Ty21a by age. Ty21a 

reduces the incidence of typhoid fever among children 
aged 5–9 years (vaccine efficacy 53% [95% CI 23%–72%]; 
I² 0%; high certainty) and among children aged 10 years 
and older (vaccine efficacy 64% [95% CI 43–78%]; I² 0%; 
high certainty; appendix p 9).

The vaccine efficacy for Vi-PS was assessed in five 
studies with participant ages ranging from 2 years to 
50 years.17,22–24 The Vi-PS vaccine reduces the incidence of 
typhoid fever at 1 year compared with control (vaccine 
efficacy 67% [95% CI 44–81%]; two trials; 18 291 
participants; I² 0%; high certainty). At 2 years, Vi-PS 
vaccine compared with the placebo probably reduces the 
incidence of typhoid fever (vaccine efficacy 56% [95% CI 
40–68%]; four trials; 207 549 participants; I² 36%; 
moderate certainty). The random-effects pooled vaccine 
efficacy of Vi-PS at 1–3 years was 58% (95% CI 44–69%; 
five trials; 214 456 participants; I² 34%; moderate 
certainty); Vi-PS probably reduces the incidence of 
typhoid fever among participants aged 2–50 years over 
the period of 1–3 years post-vaccination (figure 3).

The subgroup analysis by age groups was conducted 
using data from two trials that reported stratified 
estimates of vaccine efficacy by age groups.23,25 The 
vaccine efficacy of Vi-PS among children younger than 
5 years was 46% (95% CI 9–68%; two trials; 
8670 participants; I² 90%; very low certainty), lower than 
the vaccine efficacy among children older than 5 years; 
58% (95% CI 41–71%; two trials; 56 234 participants; 
I² 0%; moderate certainty). The lower efficacy in young 
children (<5 years) could be attributed to the study by 
Khan and colleagues,25 which found no effect of the 
vaccine in this age group. In contrast, in the study by Sur 
and colleagues,23 efficacy was similar for both age groups. 
However, the difference in effect estimates between the 
two subgroups was judged to be statistically insignificant; 
the heterogeneity was too high in the first age group of 
children younger than 5 years (appendix p 9).The vaccine 
efficacy of two doses of Vi-rEPA at 4 years post-
immunisation reduces the incidence of typhoid fever 
(vaccine efficacy 89% [95% CI 77–95%]; one trial; 
12 008 participants; moderate certainty); however, only 
one study conducted in Viet Nam reported the vaccine 
efficacy of two doses of Vi-rEPA among children aged 
2–5 years (appendix p 10).

The vaccine efficacy of TCV was assessed in four 
studies.27–30 The vaccine efficacy of a single intramuscular 
dose of the TCV at 1 year post-immunisation among 
the participants aged 6 months to 16 years was found to 
be 85% (95% CI 79–89%; three trials; 83 000 partici
pants; I² 0%; moderate certainty). At 2 years, TCV 
(vaccine efficacy 80% [95% CI 69–87%]; two trials; 
48 149 participants; I² 0%; moderate certainty). The 
random-effects pooled vaccine efficacy of TCV at 
1–2 years was 83% (95% CI 77–88%; four trials; 
111 130 participants; I² 0%; moderate certainty); TCV 
probably results in a large reduction in the incidence of 
typhoid fever among the participants aged 6 months to 

Figure 1: Flowchart of the evidence selection process in different stages of review on efficacy of typhoid 
vaccines

819 records identified through database 
         searching 

630 records after removing duplicates 

   63 full-text articles assessed for eligibility 

2 additional studies found from hand searching 

   14 studies included in quantitative analysis 

189 duplicates 

567 studies excluded after screening titles and 
         abstracts 

51 full-text articles excluded
      30 irrelevant outcomes of interest
      10 irrelevant study design
        4 duplicate studies
         2 studies conducted before 1986
         1 interim study result—complete results 
            published somewhere else
         1 student dissertation
         2 Clinical Trial Registries
         1 irrelevant intervention 
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Figure 2: Ty21a vaccine versus 
placebo: efficacy by duration 
of follow-up
Outcome is the incidence of 
typhoid fever. IV=inverse 
variance. RR=risk ratio. 
SE=standard error. *Enteric 
capsules of Salmonella Typhi, 
Ty21a vaccine (1 dose). 
†Enteric capsules of S Typhi, 
Ty21a vaccine (2 doses). 
‡Enteric capsules of S Typhi, 
Ty21a vaccine (short interval). 
§Liquid formulation of S Typhi, 
Ty21a. ¶Enteric capsules of 
S Typhi, Ty21a. ||Gelatin 
capsules of S Typhi, Ty21a 
vaccine (long interval). 
**Enteric capsules of S Typhi, 
Ty21a vaccine (long interval). 
††Gelatin capsules of S Typhi, 
Ty21a vaccine (short interval).
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16 years 1–2 years post-immunisation (figure 4). We 
conducted subgroup analysis by age, as three trials 
evaluated the efficacy of the TCV vaccine and stratified 
vaccine efficacy results according to the age groups.28–30 
The vaccine efficacy of TCV among the participants 
aged 5 years and older was significantly higher than 
the vaccine efficacy observed in participants younger 
than 5 years, 87% (95% CI 80–91%; three trials; 
35 771 participants; I² 0; moderate certainty) versus 73% 
(95% CI 53–85%; three trials; 72 980 participants; 
I² 37%; moderate certainty; figure 5).

The certainty of evidence, for vaccine efficacy, was 
assessed using the GRADE approach (table). The 
certainty of evidence of the included randomised trials 
using the GRADE approach for subgroup analysis 
(vaccine efficacy in different age groups) is provided in 
the appendix (pp 13–14). Only two trials21,26 compared the 
adverse events in typhoid vaccines with a placebo, 
whereas other trials compared adverse events in typhoid 
vaccines and control vaccines (vaccine for a different 

disease—ie, inactive typhoid agents). Due to the small 
number of studies and substantial heterogeneity, it was 
not possible to pool the events from adverse events data, 
hence meta-analysis was not conducted. Only descriptives 
are reported as frequency and percentage of adverse 
events in the typhoid vaccine and control group.

One study21 reported the adverse events of Ty21a in 
two groups (liquid formulation and enteric capsules) and a 
placebo group. No serious adverse events were reported in 
either vaccine group and noteworthy differences were 
not observed in the placebo versus vaccine groups. 
Two studies23,25 compared the adverse events in participants 
who received Vi-PS versus hepatitis A vaccine. None of 
these trials reported serious adverse events in Vi-PS groups 
and fewer adverse events were associated with Vi-PS than 
the hepatitis A vaccine in one study.23 One study24 compared 
the adverse events of Vi-PS with the placebo group, and 
fever, pain, and erythema were reported in the intervention 
group only as percentages; 0·5% of participants in the 
vaccine group reported fever and 0·5% of the participants 

Figure 3: Vi-PS vaccine versus control: efficacy by duration of follow-up
Outcome is the incidence of typhoid fever. RR=risk ratio. SE=standard error. Vi-PS=Vi capsular polysaccharide.
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in the vaccine group reported pain and erythema, versus 
no adverse events in the placebo group.

Vi-rEPA was reported to be safe to use—mild adverse 
events were reported after the first and second doses 
when compared with the placebo group, and no serious 
adverse event was observed.

Two studies28,30 reported the adverse events of TCV, and 
the table shows the percentages of adverse events 
observed in TCV versus the meningococcal A vaccine 
group. None of the trials reported serious adverse events 
in the TCV group and the proportion of adverse 
events observed was comparable to that observed in the 

Figure 4: TCV vaccine versus control: efficacy by duration of follow-up
Outcome is the incidence of typhoid fever. RR=risk ratio. SE=standard error. TCV=Vi-tetanus toxoid conjugate vaccine.
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Figure 5: TCV vaccine versus control: efficacy by age groups
Outcome is the incidence of typhoid fever. RR=risk ratio. SE=standard error. TCV=Vi-tetanus toxoid conjugate vaccine.
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meningococcal capsular group A conjugate (MenA) 
vaccine group (appendix pp 14–15).

Discussion
This study aimed to evaluate the evidence on the efficacy 
and safety of typhoid vaccines against blood culture-
confirmed S Typhi infection. In this systematic review 
and meta-analysis, we found moderate-quality evidence 
that typhoid vaccines could reduce the risk of typhoid 
fever and are safe to use among children and adults. 
However, the estimates of vaccine efficacy vary for 
different types of vaccines and among different age 
groups.

The vaccine efficacy of the Ty21a vaccine against 
culture-confirmed S Typhi was suboptimal when the 
results from all trials reporting the vaccine efficacy were 
pooled.18–21 Moreover, we could not confirm the efficacy 
of the vaccine in the included trials when the trials 
were analysed individually. The meta-analysis using 
the random-effects model estimated the efficacy of the 
vaccine at 41%, with a wide 95% CI (16–76%) and high 

heterogeneity (I² 66%), suggesting that the vaccine alone 
is unlikely to reduce the incidence of typhoid fever.

The efficacy of several oral vaccines has been reported 
to be low in low-income and middle-income countries 
(LMICs). Several factors and mechanisms are associated 
with the low efficacy of oral vaccines, including 
pathogen exposure, enteropathy, microbiota dysbiosis, 
and mucosal tolerance.32 The recommended route of 
administration for Ty21a is oral, which might be the 
cause of compromised efficacy of Ty21a.

Immunogenicity and efficacy of oral vaccines are 
compromised in low-income countries where the burden 
of enteric diseases is high.32 2-year protective efficacy of 
Rotarix against severe rotavirus-associated gastroenteritis 
was found to be higher in European infants who received 
2–3 doses of vaccine at age 6–14 weeks33 when compared 
with infants in Malawi.34 Similarly, low immunogenicity 
and efficacy have been reported for live-attenuated oral 
cholera vaccines35 and oral poliovirus vaccines in LMICs.36 
There is no evidence to suggest that the Ty21a vaccine 
is more effective among populations in non-endemic 

Anticipated absolute effects 
per 10 000

Relative effect RR 
(95% CI)

Number of 
participants

Number 
of studies

Certainty of 
the evidence 
(GRADE)

Risk with 
control

Risk with vaccine 
(95% CI)

Ty21a versus placebo for blood culture-confirmed S Typhi

Incidence of typhoid fever at 1 year 54 32 (25–41) 0·59 (0·46–0·76) 129 757 3 RCTs High

Incidence of typhoid fever at 2 years 99 50 (39–65) 0·50 (0·39–0·65) 129 757 3 RCTs Moderate*

Cumulative incidence of typhoid fever at 3 years 116 64 (52–78) 0·55 (0·45–0·67) 247 649 4 RCTs Moderate†

Incidence of typhoid fever at 4 years 108 71 (47–108) 0·66 (0·44–1·00) 82 544 1 RCT Low‡§

Incidence of typhoid fever at 5 years 120 84 (58–123) 0·70 (0·48–1·02) 82 544 1 RCT Low¶||

Cumulative incidence of typhoid fever at 5 years 130 74 (61–91) 0·57 (0·47–0·70) 247 649 4 RCTs Moderate**

Vi-PS versus control for blood culture-confirmed S Typhi

Incidence of typhoid fever at 1 year 60 20 (11–34) 0·33 (0·19–0·56) 18 291 2 RCTs High

Incidence of typhoid fever at 2 years 21 9 (7–12) 0·44 (0·32–0·60) 207 549 4 RCTs Moderate††

Cumulative incidence of typhoid fever at 3 years 25 10 (8–14) 0·42 (0·31–0·56) 214 456 5 RCTs Moderate††

Vi-rEPA versus placebo for blood culture-confirmed S Typhi

Incidence of typhoid fever at 1 year 55 3 (1–14) 0·06 (0·01–0·25) 12 008 1 RCT Moderate‡‡

Incidence of typhoid fever at 2 years 93 8 (4–20) 0·09 (0·04–0·22) 12 008 1 RCT Moderate‡‡

Incidence of typhoid fever at 4 years 121 13 (6–28) 0·11 (0·05–0·23) 12 008 1 RCT Moderate‡‡

TCV versus control for blood culture-confirmed S Typhi

Incidence of typhoid fever at 1 year 57 9 (6–12) 0·15 (0·11–0·21) 83 000 3 RCTs Moderate§§

Incidence of typhoid fever at 2 years 52 10 (7–16) 0·20 (0·13–0·31) 48 149 2 RCTs Moderate§§

Cumulative incidence of typhoid fever at 2 years 59 10 (8–13) 0·17 (0·13–0·23) 111 130 4 RCTs Moderate§§

GRADE=Grading of Recommendations, Assessment, Development, and Evaluations. RR=risk ratio. S Typhi=Salmonella Typhi. TCV=Vi-tetanus toxoid conjugate vaccine. 
Vi-PS=Vi capsular polysaccharide. Vi-rEPA=Vi polysaccharide conjugated to recombinant Pseudomonas aeruginosa exotoxin A vaccine. *The estimates of vaccine efficacy 
ranged from 29% to 67%; however, substantial heterogeneity was observed (I²=57%; p=0·05). †Substantial heterogeneity was observed: I²=59%; p=0·009. ‡Serious 
inconsistency was observed; considerable heterogeneity: I²=81%; p=0·02. §Wide 95% CIs: 0·44–1·00. ¶Serious inconsistency was observed; considerable heterogeneity: I²=80%; 
p=0·02. ||Wide 95% CIs: 0·48–1·02. **Substantial heterogeneity was observed; I²=66%; p=0·002. ††High risk of bias was observed in one study25 as the two vaccines (control 
and typhoid vaccine) were not packaged in an identical fashion; therefore, allocation concealment and blinding were compromised. ‡‡The efficacy of Vi-rEPA was reported by a 
single trial conducted in one location (Viet Nam) and only in children aged 2–5 years. §§High risk of bias was observed in one study29 in multiple domains, including allocation 
concealment, blinding selective reporting, and other biases (analysis not adjusted for clustering, results might have been affected due to seasonal variations, and baseline 
differences were observed between demographics of vaccines versus control group). High risk of bias was observed in two studies due to lack of blinding.31,32

Table: Summary of findings and quality of the evidence (GRADE approach)—typhoid vaccines versus control for preventing typhoid fever
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high-income settings than endemic populations in 
LMICs. One live-attenuated Shigella vaccine did not 
induce a serological response in any vaccinees in 
Bangladesh; however, it was found to be immunogenic 
among North American adults. Both the killed-oral and 
live-oral vaccines have poor vaccine immunogenicity and 
effectiveness against bacterial and viral pathogens when 
compared with parenterally administered vaccines.32

There were several limitations of Ty21a: more resources 
were needed because a large number of the population 
needs to be vaccinated to attain herd immunity and 
indirect protection; due to low efficacy, multiple doses 
were required; protective efficacy was not durable; and 
the vaccine Ty21 was not approved for use among 
children younger than 6 years. Contrastingly, Vi-PS 
showed higher efficacy and is safe for children from age 
2 years.37 Vaccine efficacy dropped after the first year of 
follow-up; however, we observed the same vaccine 
efficacy at 2 years, 3 years,22 and cumulative 1–3 years. 
Studies in Asia have reported greater efficacy of the 
dengue vaccine for children older than 9 years and low 
efficacy for children aged 2–5 years, which can be 
attributed to the greater seropositivity as children grow 
and acquire active immunity against the disease through 
exposure to the disease by living in endemic areas and 
areas with high viral circulation.31

A similar pattern was observed in subgroup analysis 
for age groups; the vaccine efficacy of TCV was lower in 
younger children compared to those older than 5 years, 
as observed with other vaccines. However, the vaccine 
efficacy of TCV in younger children was higher than the 
vaccine efficacy of Ty21a and Vi-PS in similar age groups.

Adverse events were found to be the same in TCV 
and control groups, with fever and pain at injection 
site the most common one. The safety profile for TCV 
is similar to the MenA vaccine and SA 14–14–2 Japanese 
encephalitis vaccine.27–30,38

Overall, the results from this review are concordant 
with those of previously published reviews. Systematic 
reviews conducted earlier reported TCV to be more 
effective than older typhoid vaccines, including Ty21a 
and Vi-PS. However, at that time most of the trials for 
TCV were ongoing, and limited efficacy and safety data 
were available for conjugate vaccine. In the most recent 
review on typhoid vaccines, only one trial for conjugate 
vaccine was included from India.39,40 One limitation of 
our systematic review is that in two trials reporting the 
efficacy of Ty21a, typhoid diagnosis was confirmed 
through the culture of blood, bone marrow, or duodenal 
fluid. In one trial, typhoid diagnosis was confirmed 
through blood or bone marrow culture. The sensitivity 
of S Typhi culture varies for different body fluids, with 
higher sensitivity observed for bone marrow and 
duodenal fluid compared with blood. Consequently, 
efficacy estimates in these trials might be inflated. 
Secondly, there might be variability in the sensitivity of 
blood cultures conducted at different time periods across 

various settings and studies, which is beyond the control 
of reviewers. This variation represents an inherent 
limitation of systematic reviews. Lastly, the primary 
objective of the trials included in the review was to assess 
the efficacy of vaccines against culture-confirmed 
S Typhi, and there is a chance that asymptomatic 
infections might not be identified. Moreover, the 
sensitivity of blood culture for the detection of S Typhi 
is 66%, which might have overestimated the vaccine 
efficacy.41

The whole-cell typhoid vaccine is considered unsuitable 
for use as a public health vaccine due to high rates of 
local and systemic adverse reactions. Hence, although 
licensed, the vaccine is no longer manufactured or used. 
Consequently, we have not included whole-cell vaccine in 
this review.39

The meta-analysis for this systematic review did not 
take into account per-protocol analyses, which have the 
potential to be biased, as randomisation is only 
guaranteed in the intention-to-treat analysis.

The existing data from included trials provide 
promising results regarding the efficacy and safety of 
TCV in typhoid endemic countries. Furthermore, the 
efficacy of TCV is found to be higher than that of the 
previously licensed vaccines. TCV is an effective tool in 
preventing S Typhi—it has been successfully used in 
outbreak response and routine immunisation scenarios, 
with the potential to prevent further evolution of 
drug-resistant strains. However, further research is 
needed to assess the effect of TCV on antimicrobial 
resistance. Moreover, future research on the long-term 
efficacy of conjugate vaccine and its impact on typhoid 
and shedding is warranted. Besides, the long-term 
efficacy of TCV after primary vaccination and the 
importance a booster dose in younger children must be 
answered. The decrease in hospitalisation rates due to 
typhoid fever, typhoid-associated morbidities, and the 
reduction in the overall incidence of S Typhi cases are the 
indirect measures of the protection provided by TCV, and 
they need further evaluation.
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