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Abstract
Background  When delivered through vaccination Vi-polysaccharide antigen of Salmonella enterica serotype Typhi 
protects against typhoid by inducing IgG anti-Vi antibodies. We aimed to determine whether the presence of 
antibodies following natural infection is associated with a lower incidence of typhoid fever in endemic regions.

Methods  We analyzed data from a cohort study of typhoid fever conducted in Dhaka, Bangladesh. Plasma IgG 
anti-Vi antibodies were measured using a standard enzyme-linked immunosorbent assay in random serosurveys of 
a population that had not previously received typhoid vaccination. Participants were followed for up to 20 months 
for culture-confirmed typhoid fever. The receiver operating characteristic (ROC) curve and Cox proportional hazard 
models were used to evaluate the associations between antibody levels and typhoid risk.

Results  The ROC analysis revealed that IgG anti-Vi antibody titers were predictive of typhoid risk among the 8,261 
serosurvey participants (area under the curve: 0·63; 95% confidence interval (CI): 0·58─0·67). Detection of any 
antibodies was associated with a lower risk of typhoid in crude analyses (hazard ratio (HR): 0·13; 95% CI: 0·03─0·52), 
though this association declined after adjustment (HR: 0·32; 95% CI: 0·07─1·40). A positive correlation was observed 
between IgG anti-Vi titers and age (correlation coefficient 0·35; p < 0·001), with a stepwise increase in detectable 
antibodies by age, ranging from 12·0% (280/2,333) in children under 5 years to 54·2% (463/854) in individuals 50 years 
and older (p < 0·001).
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Background
The human-restricted pathogen Salmonella enterica 
serovar Typhi (Salmonella Typhi), transmitted through 
oral ingestion of contaminated food or water, causes 
typhoid fever. It is estimated that in 2019 there were 
9 million typhoid fever cases, leading to 110,000 deaths, 
mostly in low- and middle-income countries in Asia and 
Africa [1].

The Vi capsular polysaccharide antigen is an essential 
virulence factor of Salmonella Typhi. The Vi antigen is 
highly immunogenic and has been used to develop effec-
tive vaccines consisting of both Vi polysaccharide (Vi-PS) 
alone and protein-Vi typhoid conjugate vaccines (TCVs) 
[2–5]. Systemic IgG anti-Vi antibodies are the media-
tors of protection by these vaccines [6]. However, serum 
or plasma anti-Vi antibodies following natural typhoid 
infections in unvaccinated persons appear to be more 
modest in magnitude, and it is not known whether titers 
of such antibodies measured in endemic settings cor-
relate with a lower future risk of typhoid fever [7]. This 
uncertainty is underscored by observations that protec-
tion by an episode of typhoid fever against recurrent 
typhoid is modest in magnitude [8] and that the highest 
natural titers are seen in patients with chronic typhoid 
shedding [9]. It is also not known whether the seropreva-
lence of these antibodies might serve as a marker of the 
magnitude of past typhoid infections in unvaccinated 
populations from typhoid-endemic regions. In this study, 
we evaluated whether naturally acquired detectable levels 
of IgG anti-Vi antibodies in persons in a typhoid-endemic 
area who had not received typhoid vaccine were associ-
ated with a lower future risk of typhoid fever. We also 
explored whether the prevalence and magnitude of these 
antibodies increase with age and correlate with other risk 
factors for typhoid, as would be expected if they served as 
markers of the cumulative burden of antecedent typhoid 
infections in the population.

Methods
Study setting and ethical approval
As described in detail elsewhere, the Strategic Typhoid 
Alliance across Africa and Asia (STRATAA) study was 
a prospective, longitudinal study with facility-based 
passive surveillance conducted within a censused 
total population of 111,695 in Mirpur (wards 3 and 5), 

Dhaka, Bangladesh, to characterize the burden of enteric 
(typhoid and paratyphoid) fever [10].

The study was conducted under the provisions of the 
Helsinki Declaration. The study protocol was approved 
by the research review committee and ethical review 
committee of the International Centre for Diarrhoeal 
Disease Research, Bangladesh. Informed written consent 
was obtained for all study participants, or from a par-
ent or guardian for minors, and informed written assent 
was obtained from individuals aged 11–17 years. Anony-
mized data were obtained from all study participants.

Census activities
In the STRATAA study, a baseline census was performed 
between June 1, 2016, and August 31, 2016, to enumerate 
the entire population in the study area, except non-per-
manent residents and individuals who planned to move 
out within a month. During the censuses, individual- and 
household-level socioeconomic and demographic data 
and household geopositioning coordinates were ascer-
tained after obtaining informed consent.

Serological surveys for measuring IgG anti-vi response
Age stratified (0–4 years, 5–9 years, 10–14 years, 15–29 
years, 30–49 years, and ≥ 50 years), participants were 
randomly selected from the list of censused popula-
tion and enrolled in the serosurvey component of the 
STRATAA study. The strata were designed to reflect 
the proportional distribution of different age groups as 
found in the census conducted from March 2017 to Feb-
ruary 2018. Apparently, healthy participants residing in 
the study catchment area with no history of receipt of 
any typhoid vaccine and no history of blood transfusion 
within the last three months were approached for enroll-
ment. After obtaining informed consent, the recruitment 
of selected participants of different age groups was car-
ried out throughout the year in four quarters, comprising 
three months in each quarter (quarter 1: March 2017–
May 2017, n = 1,865; quarter 2: June 2017–August 2017, 
n = 2,132; quarter 3: September 2017–November 2017, 
n = 2,143; and quarter 4: December 2017–February 2018, 
n = 2,121). Approximately 3 milliliters (mL) of blood spec-
imens were collected in ethylenediaminetetraacetic acid 
(EDTA) tubes for carrying out enzyme-linked immuno-
sorbent assay (ELISA). Serosurvey participants who sub-
sequently presented with fever at health facilities were 
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enrolled in the passive surveillance component to deter-
mine blood culture-confirmed typhoid fever patients.

Surveillance for typhoid fever
Surveillance for typhoid was carried out from August 
2016 to January 2019 at eight health facilities. Upon pre-
senting for care, the identities of patients were confirmed 
against computerized census data available in the health 
facilities. Patients presenting with a history of fever for 
≥ 48  h or a measured axillary temperature of ≥ 38·0  °C 
were eligible for enrollment. Blood specimens (~ 3 mL 
from patients aged 1–15 years and ~ 5 mL from patients 
aged ≥ 16 years) were collected from all enrolled patients 
for microbiological culture to isolate Salmonella Typhi. 
Clinical data on physical examinations were systemati-
cally recorded by study physicians. Fever visits in which 
the onset of fever was < 14 days after discharge from the 
previous fever visit were concatenated into a single “fever 
episode”. Fever episodes in which one or more blood cul-
tures were positive for Salmonella Typhi were defined as 
typhoid fever episodes.

Laboratory methods
Blood culture specimens underwent microbiologi-
cal evaluation using automated systems such as the BD 
BACTEC Blood Culture System (Becton-Dickinson, 
Franklin Lakes, NJ, USA) or BacT/ALERT (BioMerieux, 
Marcy-l’Étoile, France). When cultures tested positive for 
growth, Salmonella Typhi was identified and confirmed 
through colony morphology, Gram staining, standard 
biochemical tests, and specific antisera [10].

For the serosurvey component, plasma was separated 
from EDTA blood by centrifugation, following which 
plasma IgG anti-Vi antibody titers were measured using 
a commercial ELISA kit (VaccZyme; The Binding Site 
Group Ltd, Birmingham, UK) as per the manufacturer’s 
instructions [10–12]. The assay’s detection range was 
7·4–600 unit/milliliters (U/mL).

Analysis
All serosurvey participants were followed for typhoid 
fever from their enrollment, with follow-up censored at 
the time of death, migration out of the study area, the end 
of passive surveillance or if typhoid was detected within 
the follow-up period.

To assess the relationship between age and antibody 
titres, a weighted regression line of age on anti-Vi IgG 
titers was estimated, where the loess (locally estimated 
scatterplot smoothing) curve was used to smooth the 
regression line. The optimal smoothing parameter was 
selected from 0.10 to 0.90 by minimizing the bias-cor-
rected Akaike information criterion that strikes a balance 
between the residual sum of squares and the complexity 
of the fit [13]. To assess the age-specific pattern of plasma 

IgG anti-Vi antibody titers, we compared the proportions 
of persons with detectable levels (≥ 7.4 U/mL) of these 
antibodies by age, as well as the magnitude of log titers in 
relation to age.

To assess whether plasma IgG anti-Vi antibodies mea-
sured in the serosurveys predicted subsequent typhoid 
fever, we explored the data using a reverse cumulative 
distribution (RCD) curve for participants who devel-
oped typhoid and those who did not. Samples with val-
ues below 7·4 U/mL (the lower limit of detection by the 
assay) were assigned a value of 3·7 U/mL, while those 
exceeding 600 U/mL (the upper limit of detection by the 
assay) were reported as 600 U/mL.

We next constructed a receiver operating characteristic 
(ROC) curve presenting the sensitivity and specificity for 
alternative thresholds of plasma IgG anti-Vi antibodies in 
predicting typhoid fever. The area under the ROC curve 
(AUC) was calculated to evaluate the overall performance 
of plasma IgG anti-Vi antibodies in predicting typhoid 
fever. A perfect predictive relationship would have an 
AUC of 1, while a random relationship would have an 
AUC of 0·50. The 95% CI for the AUC and the p value 
corresponding to the null hypothesis that the AUC is 
equal to 0.5 were calculated as described elsewhere [14]. 
A cut-off for the optimal prediction of the titer expressed 
dichotomously was identified using the Youden index, 
maximizing the (sensitivity + specificity–1) of the thresh-
old titer under analysis.

Bivariate comparisons of categorical variables were sta-
tistically assessed using the chi-square test. For simple 
comparisons of continuous variables, we used the Stu-
dent t-test, or the Wilcoxon rank sum test when assump-
tions of the t-test were not met. Plasma IgG anti-Vi 
antibody titers were converted into logarithms for these 
comparisons to render a normal distribution. Spearman 
correlation coefficients were calculated to evaluate the 
correlation between continuous variables.

Incidence rates of typhoid fever among serosur-
vey participants were calculated using the number of 
typhoid episodes as the numerator and the correspond-
ing person-years of follow-up as the denominator. The 
95% confidence intervals (CIs) for incidence rates were 
estimated using exact Poisson confidence limits, a Chi-
square-based formula that provides precise intervals in 
case of small event counts, by leveraging the relationship 
between the Poisson and Chi-square distributions [15]. 
We further analyzed the protection against typhoid asso-
ciated with IgG anti-Vi antibody titers above versus below 
this cut-off using Cox proportional-hazards regression 
models. The time of outcome event in the Cox model 
referred to the time from study enrollment to the date 
of the censoring event. In these models, we assessed IgG 
anti-Vi antibody titers expressed dichotomously, together 
with age as an independent variable, after confirming 
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first that these independent variables fulfilled the pro-
portionality assumption of the model [16]. To account 
for household-level clustering of participants, we used a 
robust sandwich covariance matrix to calculate the confi-
dence interval and p value. Hazard ratios (HRs) and their 
95% CIs were calculated by exponentiating the coefficient 
of the dichotomous IgG anti-Vi antibody variable.

The p values were interpreted in a two-tailed fashion, 
and those less than 0·05 were considered statistically sig-
nificant. Statistical analyses were performed using SAS 
software, Version 9.4 of the SAS System for Windows 
(SAS Institute Inc., Cary, NC, USA).

Results
Assembly of participants
A total of 111,695 participants were enrolled in the 
STRATAA study during the census. Among them, 8,261 
age-stratified participants were randomly selected for the 
serosurvey component (2,333 aged 0–4 years, 1,316 aged 
5–9 years, 802 aged 10–14 years, 1,168 aged 15–29 years, 
1,788 aged 30–49 years and 854 aged ≥ 50 years). After 

enrollment in the serosurveys, a total of 485 serosurvey 
participants presented for care of febrile illness at the 
passive surveillance sites, among whom 37 were blood 
culture-confirmed typhoid cases (Fig. 1).

Pattern of antibodies in the serosurveys
Among 8,261 individuals, 2,566 (31·1%) had IgG anti-Vi 
antibody titers at or above the lower limit of detection 
(7·4 U/mL) of the assay, including 1,837 (48·2%) individu-
als aged 15 years and older who had the antibody titers 
at or above the same lower detectable limit (Table  1). 
We observed a positive correlation between IgG anti-Vi 
titers and age in years (correlation coefficient was 0·35; 
p < 0·001) (Fig. 2). When analyzed by age group, we found 
that seropositivity rates were 12·0% for ages 0–4 years, 
18·0% for ages 5–9 years, 26·4% for ages 10–14 years, 
40·1% for ages 15–29 years, 50.7% for ages 30–49 years, 
and 54·2% for ages 50 years and older (Fig. 3).

Fig. 1  Consort diagram presenting assembly of the fever episodes and typhoid fever cases among serosurvey participants

 



Page 5 of 9Khanam et al. BMC Infectious Diseases          (2025) 25:149 

Evaluation of the performance of plasma IgG anti-vi titers 
in predicting typhoid
Figure  4 illustrates RCD curve for titers of IgG anti-Vi 
antibodies at the time of the serosurveys. The curve pro-
vided a visual depiction of whether a protective relation-
ship between antibodies and the risk of typhoid fever 
existed. The RCD curve for the 37 participants who 
developed typhoid was lower than that for the rest of 
8,224 participants who did not throughout the range of 
detectable antibody titers, indicative of a protective rela-
tionship between IgG anti-Vi antibody titers and typhoid 
risk. No serosurvey participants who developed typhoid 
had a titer above 32 U/mL.

Figure  5 demonstrates the ROC curve describing the 
sensitivity and (1- specificity) of using progressively 
higher thresholds of baseline titers in predicting typhoid. 
The ROC curve was significantly above the line reflect-
ing no predictive relationship (AUC: 0·63; p < 0·001; 95% 
CI: 0·58─0·67). The cut-off for creating a dichotomous 
predictive titer, maximizing the Youden index, was 7·4 
U/mL, the lower limit of detection of antibodies by the 
assay, with a corresponding sensitivity and specificity of 
0·95 and 0·31.

In participants with IgG anti-Vi titers of ≥ 7·4 U/mL, 
the incidence of typhoid fever was 0·61 per 1,000 person-
years (95% CI: 0·15─2·42). In participants without detect-
able antibody titers (< 7·4 U/mL), the incidence rate was 
4·79 per 1,000 person-years (95% CI: 3·44─6·66). The 
crude hazard ratio (HR) comparing the hazards between 
individuals with IgG anti-Vi titers of ≥ 7·4 U/mL ver-
sus < 7·4 U/mL was 0·13 (95% CI: 0·03─0·52; p = 0·004). 
Adjusting for age, the household level correlation of dis-
ease incidence, and the serosurvey quarters of enroll-
ment, the adjusted HR was 0·32 (95% CI: 0·07─1·40; 
p = 0·130) (Table  2). The adjusted HR was nearly identi-
cal when the analysis was restricted to subjects aged < 15 
years at the time of bleeding (HR = 0·36; 95% CI: 
0·08─1·53; p = 0·170).

Correlates of plasma IgG anti-vi antibodies
The mean age was 30·6 years for participants who had 
plasma IgG anti-Vi titers ≥ 7·4 U/mL, and 16·4 years for 
participants who did not have detectable antibodies 
(p < 0·001) (Table 1). We did not observe any significant 
relationship between sex and IgG anti-Vi titers. However, 
lower socioeconomic status, as reflected by the education 
level and occupation of household heads, appeared to 
be associated with higher IgG anti-Vi titers. There were 
no significant differences between IgG anti-Vi titers and 
enrollment in different serosurveys, indicating that the 
observed differences in IgG anti-Vi titers were not influ-
enced by the timing of enrollment of serosurvey partici-
pants in the study.

Table 1  Baseline characteristics of serosurvey participants 
stratified by IgG anti-vi titers
Variables IgG anti-Vi

< 7·4 U/mL
(N*=5,695)

IgG anti-Vi
≥ 7·4 U/mL
(N*=2,566)

Total
(N*=8,261)

p 
value†

IgG anti-Vi titers 
(U/mL)
Geometric Mean 
(Geometric SD‡)

3·7 (1·0) 18·8 (2·3) 6·1 (2·4) < 0·001

Median (Q1§– Q3¶) 3·7 (3·7–3·7) 15·1 
(9·6–29·0)

3·7 (3·7–8·9) < 0·001

Age (year) at base-
line serosurvey
Mean (SD‡) 16·4 (17·4) 30·6 (19·2) 20·8 (19·1) < 0·001
Median (Q1§– Q3¶) 8·4 

(4·0–26·1)
31·2 
(13·0–45·2)

12·9 
(5·0–35·7)

< 0·001

Age groups– n 
(%)**

15 years and older 1,973 
(34·6%)

1,837 
(71·6%)

3,810 
(46·1%)

< 0·001

Sex– n (%)**

Male 2,797 
(49·1%)

1,230 
(47·9%)

4,027 
(48·7%)

0·32

Household head 
education– n (%)**

Some education 3,716 
(65·3%)

1,576 
(61·4%)

5,292 
(64·1%)

< 0·001

Household head 
occupation– n 
(%)**

Paid employees 
(paid domestic 
workers or
self-employed)

4,855 
(85·3%)

2,114 
(82·4%)

6,969 
(84·4%)

< 0·001

Serosurvey enroll-
ment quarters– n 
(%)**

Quarter 1†† 1285 
(22·6%)

580 (22·6%) 1865 
(22·6%)

0·52

Quarter 2‡‡ 1472 
(25·8%)

660 (25·7%) 2132 
(25·8%)

Quarter 3§§ 1454 
(25·5%)

689 (26·9%) 2143 
(25·9%)

Quarter 4¶¶ 1484 
(26·1%)

637 (24·8%) 2121 
(25·7%)

*N: total number of participants;
†p value has been derived using a two-sample t-test and Wilcoxon rank-sum 
test for mean and median comparison– respectively for continuous variables– 
and chi-square test for binary variables;
‡SD: Standard deviation;
§Q1: first quartile;
¶Q3: third quartile;
**n(%): number (percent) of participants;
††Quarter 1 (March 2017–May 2017);
‡‡Quarter 2 (June 2017–August 2017);
§§Quarter 3 (September 2017–November 2017)
¶¶Quarter 4 (December 2017–February 2018)
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Discussion
We evaluated the presence and titers of plasma IgG anti-
Vi antibodies in randomly selected individuals from a 
population with endemic typhoid and followed them 
prospectively to detect subsequent cases of typhoid 
fever. Our results found a strong inverse association 
between the level of such antibodies, using a standard 
assay, and the risk of typhoid, as indicated by ROC anal-
ysis (AUC = 0·63; 95% CI: 0·58─0·67; p < 0·001). After 
the dichotomization of titers into detectable versus 

undetectable titers, the presence of these antibodies was 
strongly and inversely related to the hazard of typhoid in 
crude analyses ((HR = 0·13 (95% CI: 0·03─0·52); p = 0·004). 
However, this inverse association lost statistical signifi-
cance in analyses controlling for potential confounding 
variables ((HR = 0·32 (95% CI: 0·07─1·40); p = 0·130). The 
point estimate of the hazard ratio remained strong in this 

Fig. 4  Reverse cumulative distribution curve of IgG anti-Vi antibody titers 
by culture-confirmed typhoid fever status. The graph’s horizontal axis rep-
resents the IgG anti-Vi antibody titers on a logarithmic scale, and the verti-
cal axis represents the percentage of participants with at least that level of 
antibody titers, ranging from 0% at the highest level to 100% at the lowest 
level. Samples with values below 7·4 U/mL (the lower limit of detection by 
the assay) were assigned a value of 3·7 U/mL and those exceeding 600 U/
mL (the upper limit of detection by the assay) were reported as 600 U/mL

 

Fig. 3  Proportion of participants with delectable levels of IgG anti-Vi anti-
body titers among different age groups

 

Fig. 2  Relationship between ages of serosurvey participants and IgG anti-Vi antibody titers. *Loess (locally estimated scatterplot smoothing), is a non-
parametric technique that uses local weighted regression to fit a smooth curve through the points in a scatter plot, as described in the method section. A 
smoothing parameter value of 0·70, optimally chosen using the bias-corrected Akaike information criterion, ranges from 0·10 to 0·90. The figure presents 
the fitted localized regression curve using 70% of the neighboring data points
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multivariable analysis raises the possibility that the study 
lacked adequate power to evaluate this inverse relation-
ship possibly due to an insufficient number of outcome 
events. Additionally, no person who developed typhoid 
had a titer greater than 32 U/mL, raising the possibility 
of an absolute protective titer. The presence and mag-
nitude of these antibodies increased with age, indicat-
ing that they could reflect the cumulative level of past 
typhoid infection. Concordant with this interpretation, 
the titers of these antibodies were higher among individ-
uals residing in households of lower socioeconomic sta-
tus, which are known to have a higher risk of typhoid in 
this endemic setting.

Our study was strengthened by the conduct of random, 
population-based serosurveys; the use of a well-standard-
ized and WHO-recommended immunoassay for evalu-
ation of plasma IgG anti-Vi antibodies; and prospective 
and systematic surveillance for blood culture-confirmed 
typhoid fever. However, as already noted, our analysis 
was based on detecting only 37 typhoid cases among par-
ticipants in the serosurveys and thus had limited power 

to evaluate protective relationships. Moreover, follow-
up of individuals for the development of typhoid was 
only up to 20 months, precluding assessment of longer-
term protective associations. Additionally, the study was 
carried out in a population with a high prevalence of 
typhoid, which may restrict the generalizability of these 
findings to populations with a lower incidence of typhoid 
infection.

The observed inverse relationship is interesting since 
plasma IgG anti-Vi titers have historically been measured 
to detect very high levels, known markers of chronic 
typhoid carriage. Historically, this relationship created 
great skepticism about whether the Vi-polysaccharide 
(Vi-PS) antigen was a protective antigen, a misconcep-
tion, that was refuted by the initial demonstration of 
the efficacy trial of the Vi-PS vaccine in Nepal [17]. The 
fact that Vi-PS is a demonstrably protective antigen adds 
plausibility to our findings that seroprevalent IgG anti-Vi 
antibodies are associated with protection against future 
typhoid.

That said, it was surprising that the mere presence of 
these antibodies, as measured by this assay, appeared to 
be highly protective, although the relationship was not 
statistically significant in multivariable analyses. Substan-
tial increases in antibody titers are considered necessary 
for high-level protection after receipt of either Vi-PS or 
Vi-protein conjugate vaccines, though protective titers 
have not been evaluated using this assay in these stud-
ies [11, 12]. This discordancy may point to the fact that 
antibodies measured in our study originated from previ-
ous typhoid infection, rather than receipt of Vi-PS per se. 
It also raises the possibility that the antibodies detected 
in our study may reflect multiple immune responses to 
typhoid infection, including both humoral and cell-medi-
ated responses.

Though both Citrobacter freundii and Salmonella 
Paratyphi C express the Vi-PS antigen [18], Citrobacter 
freundii is an opportunistic pathogen [19] and Salmo-
nella Paratyphi C is not commonly isolated in this com-
munity [10], making it most likely that the IgG anti-Vi 

Table 2  Crude and adjusted hazard ratios for the associations between plasma IgG anti-vi antibody titers and the rate of typhoid
IgG anti-Vi antibody 
titers

Typhoid cases; 
total number of 
participants

Person-years 
follow-up

Incidence per 
1,000 person-years 
(95% CI)

Crude Adjusted†

Hazard ratio 
(95% CI*)

p value Hazard ratio (95% 
CI*)

p 
value

All Participants
< 7·4 U/mL 35; 5,695 7,314 4·79 (3·33 − 6·65) Ref. Ref.
≥ 7·4 U/mL) 2; 2,566 3,304 0·61 (0·07 − 2·19) 0·13 (0·03─0·52) 0·004 0·32 (0·07─1·40) 0·13
< 15 years old
< 7·4 U/mL 34; 3,722 4,799 7·08 (4·91 − 9·90) Ref. Ref.
≥ 7·4 U/mL) 2; 729 951 2·10 (0·26 − 7·60) 0·30 (0·07─1·24) 0·096 0·36 (0·08─1·53) 0·17
*CI: Confidence Interval. The CIs for incidence rates were calculated as the estimated exact Poisson confidence limits. CIs of hazard ratios were derived from the Cox 
proportional hazard model with a robust sandwich covariance matrix to account for household-level clustering of participants;
†Estimates were derived from Cox proportional hazards models, adjusted for the survey enrollment design variable, within-household correlation, and age at 
baseline serosurvey

Fig. 5  Receiver operating characteristic curve for plasma IgG anti-Vi an-
tibody titers in predicting subsequent typhoid fever with the area under 
the curve (AUC). The green dot denotes the sensitivity and specificity at 
the cut-off of 7.4 for IgG anti-Vi antibody titers using the Youden index to 
detect typhoid fever. The Youden index is calculated as the maximum of 
(sensitivity + specificity– 1)
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antibodies demonstrated in this endemic population 
resulted from earlier exposure to Salmonella Typhi. The 
possible protective relationship observed in our study is 
also interesting because the protection conferred by nat-
ural typhoid against recurrent typhoid has been shown in 
limited studies to be modest in magnitude [8]. In addi-
tion, a study using the controlled human infection model 
of Salmonella Typhi with the Vi-PS and Vi-tetanus toxoid 
conjugate vaccines found that both the total quantity and 
functionality of IgG anti-Vi antibodies are crucial for pro-
viding protection against typhoid fever [11]. A challenge 
model setting is unable to replicate many characteristics 
of a natural Salmonella Typhi infection due to variations 
in factors such as the Salmonella Typhi strain, the chal-
lenge inoculum, the time gap between vaccination and 
challenge, and differences in research population (e.g., 
children vs. adults), therefore, it is necessary to carry out 
studies in the context of natural Salmonella Typhi infec-
tion [11]. If our findings are confirmed by future studies, 
they may suggest that the detection of plasma IgG anti-Vi 
antibodies may serve as a useful marker of past typhoid 
infection and may be valuable for assessing the endemic-
ity of typhoid through simple seroprevalence surveys. 
This is particularly important because assessing the bur-
den of typhoid through longitudinal surveillance of large 
populations, a rare disease, is expensive, logistically com-
plex, and difficult to organize.

Conclusions
In conclusion, our findings raise the possibility that 
serosurveys of plasma IgG anti-Vi antibodies in popula-
tions with endemic typhoid may prove to be a useful tool 
for characterizing the natural protective immune sta-
tus of populations as well as for providing evidence on 
the cumulative burden of typhoid experienced by these 
populations. As useful immunological measurements 
for serosurveys are currently lacking for either purpose, 
future research is needed to further evaluate the prelimi-
nary findings provided by this study.
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