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Background. Children suffer the highest burden of the typhoid fever, with a considerable proportion shedding Salmonella Typhi

in stool, potentially resulting in transmission of S Typhi.
Methods.

We enrolled 70 children with blood culture-confirmed typhoid fever (index cases), from 63 households, during

community-based fever surveillance in India. The index cases and their household contacts were followed up with stool samples

at multiple time points over 3 weeks and 1 week, respectively. S Typhi was detected using quantitative real-time polymerase chain

reaction.
Results.

Fifteen of 70 (21.4%) children with culture-confirmed typhoid fever shed S Typhi in stool after onset of fever. Ten of 15

children shed S Typhi for a median of 11.5 (range, 3-61) days from the day of completion of antibiotics. Of 172 household contacts
from 56 of the 63 index case households, 12 (7%) contacts in 11 (19.6%) households had S Typhi in stool. Five of the 12 contacts who
were shedding S Typhi were asymptomatic, whereas 7 reported recent fever.

Conclusions.

One in 5 children with typhoid fever shed S Typhi, with shedding persisting even after antibiotics. One in 5 house-

holds had at least 1 contact of the child shedding S Typhi, highlighting potential concurrent typhoid infections in households in

settings with poor water and sanitation.
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Salmonella enterica serovar Typhi (Salmonella Typhi), a human
host-restricted facultative bacillus, accounts for 11 million cases
of typhoid fever annually with an estimated 116 815 typhoid-
related deaths worldwide [1]. India, where typhoid is endemic,
has an estimated incidence of 377 (178-801) cases of typhoid
fever per 100 000 person-years [2]. The Surveillance for Enteric
Fever in India (SEFI) study has estimated an incidence of
~1000 cases of typhoid fever in children <15 years per 100 000
person-years in urban Vellore (submitted for publication). The
transmission of Salmonella Typhi is predominantly fecal-oral,
particularly occurring in the urban or periurban communities
of developing countries, where there is frequent contamination
of drinking water with human fecal bacteria [3, 4]. Spread of
S Typhi within communities can occur through a combina-
tion of short-cycle (contamination of food and water in the
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immediate vicinity of the case) and long-cycle (contamination
of water supply systems within the wider community) transmis-
sion [5]. Young children in low-income settings, given lack of
pre-existing immunity from prior infection to S Typhi and high
exposure to the pathogen, are thought to contribute greatly to
transmission [6].

Salmonella Typhi can persist, but with a limited capacity to
multiply, in the external environment [5, 7, 8]. An individual,
once infected, can shed S Typhi in feces and occasionally in
urine during the incubation period, or during the acute or con-
valescent phase after an episode of typhoid fever (temporary
shedding) [5]. Shedding of S Typhi can also occur with sub-
clinical infections and as a consequence of chronic carriage in a
small subset of individuals (chronic carriers) [9]. Approximately
10% of individuals with untreated typhoid shed S Typhi during
convalescence, and ~1-4% of these individuals continue to shed
even after a year [10]. These individuals shedding S Typhi, as
temporary carriers, are important drivers of disease transmis-
sion within the community, especially in endemic settings [5].

After entry of S Typhi into the host, there is rapid multi-
plication in the gut, with shedding of S Typhi within the first
24 hours after infection [11]. This shedding of S Typhi is in-
termittent [10]. Human challenge studies have demonstrated
that more than half of the subjects infected with S Typhi shed
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the bacilli at least once within the first 14 days after the chal-
lenge, demonstrating patterns of early- and late-phase shed-
ding [12]. The bulk of shedding (38%) was evident by day 1
and 2 post-challenge (primary peak), and this conforms with
the incubation period after natural infection with S Typhi.
The primary peak was followed by a steady decrease in shed-
ding until the later part of the second week when a smaller
secondary peak was observed. Shedding was also seen in a
small proportion (9%) of asymptomatic subjects who shed
bacilli up to 3 weeks after the challenge, showing the same
bimodal peak as their symptomatic counterparts. The chal-
lenged subjects who subsequently developed clinical typhoid
fever had a 25% higher risk of shedding S Typhi in the first
3 days after the challenge compared with those who were
asymptomatic [12].

The dosage and duration of antimicrobial therapy is an im-
portant determinant of S Typhi shedding during acute infec-
tion, as shown in a human challenge study [12]. Shedding
waxed and waned with temporary cessation and resumption of
antibiotics during treatment in the challenged subjects. Those
treated with chloramphenicol/amoxicillin/co-trimoxazole had
higher stool culture positivity (3.5%-6%) compared with those
on azithromycin/cefixime/ceftriaxone (2%) [10]. Human chal-
lenge studies have offered a comprehensive insight into the
shedding dynamics of S Typhi. However, these studies have pri-
marily been conducted in adults in developed settings where
subjects are immunologically naive for typhoid, in contrast to
endemic developing countries, where children are more likely
to be infected.

Examining and understanding the pattern of shedding of
S Typhi, especially in children who constitute the bulk of the
disease burden in low- and middle-income settings is essential
to influence strategies to decrease disease transmission and re-
duce the overall burden [13]. Our study was nested within the
SEFI cohort of ~6000 children aged between 0.5 and 15 years
at Vellore. We aimed to estimate the proportion of S Typhi
shedding among children with blood culture-confirmed cases
of typhoid fever and screen their household contacts to study
household-level transmission dynamics.

METHODS

Study Setting and Participants

The SEFI study was carried out between October 2017 and
December 2019 at 4 sites: Delhi, Kolkata, Pune, and Vellore, to
estimate the incidence rate of blood culture-confirmed typhoid
fever in children aged between 6 months and 15 years as per a
published protocol [14]. At each site, a cohort of ~6000 children
was followed up weekly to capture fevers. Fevers for >3 days,
with the child continuing to be febrile over the last 12 hours
satisfied the “suspected typhoid fever” criteria and blood cul-
ture was performed. After a blood culture report positive for
typhoid fever, a study physician assessed the child and treated

him/her with oral azithromycin or referred the child to a higher
center if the episode warranted hospitalization.

For shedding, a child with blood culture-confirmed typhoid
fever was designated as an “index case” in his/her household and
a written informed consent was obtained for the household’s
participation. A “secondary case” was defined as a household
member/contact of the index case and was subsequently identi-
fied with blood culture-confirmed typhoid fever. In households
with index cases, a detailed history of fever-related illness and
treatment among household members/contacts was collected
for a period of 3 weeks prior to the onset of typhoid fever in the
index child.

Given the intermittent shedding of S Typhi, the child was re-
quested to provide 3 samples a week on alternate days, over the
next 3 weeks for a total of 9 samples. The household members/
contacts were also requested to provide 3 stool samples each, on
alternate days over the next week. Data on the baseline as well
as clinical characteristics for the typhoid fever episode were ex-
tracted from the database.

“Acute shedding” was defined as S Typhi shedding from the
date of onset of illness to 1 month after the completion of anti-
microbial therapy, whereas “convalescent shedding” was shed-
ding between 1 and 12 months after antimicrobial therapy
[15]. The typhoid cases/household members or contacts who
shed S Typhi were followed up until 2 consecutive stool sam-
ples were negative for S Typhi. Stool samples were tested using
quantitative real-time polymerase chain reaction (qPCR) at
the Wellcome Trust Research Laboratory, Christian Medical
College, Vellore, India.

The study protocol was approved by the Institutional Review
Board (IRB) of Christian Medical College, Vellore, India (IRB
Minute No.: 11867).

Laboratory Methods

Stool samples collected were transported within 1-2 hours
of collection at 4°C in vaccine carriers to the Wellcome Trust
Research Laboratory. At the laboratory, samples were aliquoted
and stored at —70°C. Before testing, stool samples were thawed,
followed by deoxyribonucleic acid (DNA) extraction from a 20%
stool suspension (W/V) using QIAamp Fast DNA stool mini kit
(catalog no. 51604; QIAGEN, Hilden, Germany). The extracted
DNA was used as a template in a real-time PCR (qPCR) assay
for detection of the STY0201 gene of S Typhi [16]. Primers
and probe sequences used were as follows: forward primer
(5-CGCGAAGTCAGAGTCGACATAG-3’), reverse primer
(5-AAGACCTCAACGCCGATCAC-3’), and probe (5°-FAM-
CATTTGTTCTGGAGCAGGCTGACGG-BHQI1-3) [16]. Five
microliters of template DNA and 20 pL of gPCR master mixes
were used for the amplification, and all of the qPCR assays were
cycled under the following conditions: 50°C for 2 minutes, 95°C
for 15 minutes, followed by 40 cycles at 95°C for 30 seconds,
60°C for 30 seconds, and 72°C for 30 seconds. Known positive
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and negative controls were included in each assay. A threshold
cycle (Ct) value of <35 was the cutoff for positivity.

Statistical Analysis

Salmonella Typhi shedding in untreated cases of typhoid fever
was estimated to be ~10% based on stool culture. Because the
SEFI study children were initiated on antimicrobials when cul-
ture results were obtained, the lower limit of precision estimates
was expected to be 0%. Thus, the sample size was calculated
using the formula 95% confidence interval (CI), [0, 3/n], where
100 cases were required to yield a precision range between 0%
and 3% [17]. Because the study found a high rate of S Typhi
shedding in the typhoid cases than expected, enrollment was
stopped at 70 children with blood culture-confirmed typhoid
fever, including both index and secondary cases.

All enrolled children were included in the final analyses.
Categorical variables including S Typhi shedders and non-
shedders, households with a member(s)/contact(s) being shed-
ders and non-shedders, and sociodemographic variables are
presented as percentages. Median and interquartile range (IQR)
represents the duration of S Typhi shedding from the date of onset
of fever in typhoid cases, duration of fever, duration of antibiotic
usage, and the highest temperature recorded during the episode.
Proportions across the groups were compared using the Xz test
and in the case of continuous variables, ¢ test or Mann-Whitney
U test were used, based on normality of the data. Statistical signif-
icance was set at P < .05. Association between clinical character-
istics and presence of shedding in typhoid cases were presented
using odds ratios (ORs) with 95% CI.

RESULTS

Shedding in Index Cases
Between November 2018 and September 2019, 78 blood culture-
confirmed typhoid fever cases from 67 households were detected
in the Vellore SEFI cohort (Table 1). Seventy of the 78 (89.7%) ty-
phoid fever cases from 63 of the 67 (94%) households consented
to participation in the shedding substudy. Among 70 typhoid
cases, 63 presented as index cases and 7 as secondary cases in
study households. Characteristics of sample collection, shedding
pattern, and associated clinical characteristics during typhoid
fever are described for all 70 cases together. Eighteen of the 70
(25.7%) typhoid cases were hospitalized during their illness.
Stool sample collection (first sample for the index case) began
in the second week of illness, with a median time of 13 (IQR,
10-16) days, because the final blood culture report took several
days. In children who were hospitalized, stool sample collec-
tion was initiated after discharge. The median number of stool
samples per typhoid case was 9 (IQR, 8-9). A total of 557 stools
were collected from the 70 children and 19 (3.4%) samples had
S Typhi. The median Ct value in PCR was 34.6 (range, 26.7-35)
(data not presented).

Table 1. Overview of the Children With Blood-Culture Confirmed Typhoid
Fever (From SEFI Cohort) Enrolled in the Study on Stool Carriage

Variable n (%)
Number of children with blood culture-confirmed typhoid fever 78
in the SEFI cohort between November 2018 and June 2019
Number of children with blood culture-confirmed typhoid fever 70°/78
who consented to participate in the stool carriage study (89.7)
Number of children with typhoid fever who shed Salmonella 16°/70
Typhi in stool (22.9)
Number of children with typhoid fever who shed STyphi in 15/70
stool after the onset of fever (21.4)
Median time (IQR) to shed STyphi in stool from blood culture 14 (8-21)
positivity, days
Number of children with stool samples positive for STyphi 3/16 (18.8)

more than once in the follow-up period

Abbreviations: IQR, interquartile range; SEFI, Surveillance for Enteric Fever in India.
“These 70 children resided within 63 households.

°One child was under follow-up as a household contact initially when his sibling was the
index case for the particular household. Subsequently, this child developed fever and was
also found to be typhoid positive by blood culture. Hence, we were able to find out that this
child shed STyphi 4 days before the confirmation of typhoid fever by blood culture, thereby
having been an incubatory carrier.

Fourteen children shed S Typhi in stool at a median of
14 days after positive blood culture. One child had a sibling who
was blood culture positive, shed S Typhi, and then became a
case confirmed by blood culture. Another child shed bacteria
76 days after blood culture, during the convalescent phase.
Three children had 2 samples each that were positive at different
time-points (Figure 1).

The baseline characteristics of children who excreted S Typhi
(n =15) or not (n = 55) were comparable (Table 2). The mean
maximal temperature recorded during fever episodes did not
differ significantly between children who shed S Typhi and
those who did not (103°F [standard deviation {SD}, 1.1] versus
102.8°F [SD, 1.3], P = .883) (Table 3). There was no significant
difference in diarrhea (5 [33.3%] versus 11 [20%], P = .276) or
abdominal pain (9 [60%)] versus 24 [43.6%], P = .260) between
S Typhi shedders and non-shedders. Children with culture-
confirmed typhoid fever who shed S Typhi were 7 times more
likely to be hospitalized when compared to the non-shedders
(OR, 7.7; 95% CI, 1.8-32.6). Ten of 15 children shed S Typhi
after the completion of the antibiotic course at a median of 11.5
(range, 3-61) days from the end of antibiotic therapy. The me-
dian duration of antibiotic usage was higher in shedders com-
pared with nonshedders (13 [IQR, 12-17] versus 11 [IQR,
12-13], P = .05). However, shedders had fewer median days of
treatment with azithromycin compared with nonshedders (9
[IQR, 2-10] versus 10 [IQR, 10-11], P = .003), because children
who were hospitalized received intravenous antibiotics instead
of oral azithromycin (Table 3). Azithromycin was the mainstay
of treatment for 52 of the 70 typhoid fever cases, who presented
as outpatients. Among 18 of the 70 children who were hospi-
talized during typhoid fever episode, 16 received intravenous
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Figure 1.

Time points of stool sample collection, Salmonella Typhi positivity in stool (S Typhi stool shedder), and antibiotic usage in the 15 (1 child who shed S Typhi prior

to the onset of fever was not included in the figure) index children (S1-S15) followed up after blood culture positivity for S Typhi. *Stool sample collected on day 112.

third-generation cephalosporins and 2 received intravenous
gentamycin, in addition to oral antibiotics (data not presented).

Shedding in Household Contacts
Fifty-six of the 63 households with index typhoid cases provided
stool samples from at least 1 member. The median number of
household contacts who provided stool samples was 3 (IQR, 2-4).
The median time to the first stool sample from household con-
tacts was 13 (IQR, 10-15.5) days, from the onset of typhoid fever
in the index case. A total of 487 stool samples were collected from
172 household members/contacts and the S Typhi PCR positivity
rate was 2.9% (14 of 487), with median Ct values of 34.4 (range,
30.1-34.9). Seven of 56 households reported secondary cases of
blood culture-confirmed typhoid fever, with the median serial in-
terval for the onset of fever between secondary and index cases in
these households being 12 (IQR, 6-16) days (data not presented).
Overall, 12 of the 172 (7%) household contacts in 11 of the
56 (19.6%) households shed S Typhi. Of the 11 households, one
particular household had two individuals who were infected
and shed S Typhi (Table 4). Of the 12 contacts with shedding, 5
were asymptomatic, whereas 7 had a fever, 4 of whom were sub-
sequently confirmed by blood culture as typhoid. The median
age of symptomatic household members/contacts who shed S

Typhi was lower than that of asymptomatic members/contacts
with shedding [5 (2-15) years versus 35 (32-42) years] (Table 5).
Ten of the 12 household contacts provided repeat stool samples
2 months from the time of stool positivity, and all tested negative.

DISCUSSION

This study is the first attempt from an Indian setting to use
a longitudinal approach in a cohort of children with blood
culture-confirmed typhoid fever to estimate S Typhi shedding
in stool and to further understand household transmission. We
found that approximately 1 in 5 children with blood culture-
confirmed typhoid fever shed S Typhi in stool. This shedding
was notable in the first month of illness, followed by a cessa-
tion in shedding thereafter. This pattern of secondary shed-
ding in typhoid cases has been documented previously in other
hospital-based studies [10, 12, 18]. This finding from our co-
hort holds important relevance given that this pattern of shed-
ding could potentially drive the transmissibility of S Typhi from
the case(s) to contacts, especially children, at households as well
as schools. Studies that have described dynamics of S Typhi
shedding previously were predominantly among the hospital-
ized typhoid cases, in contrast to our study where children from
a cohort under active surveillance for fever were followed up in
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Table2. Baseline Characteristics of Children Enrolled in the Stool Carriage Study Categorized as Shedders and Nonshedders of Salmonella Typhi (N = 70)

Baseline characteristics S Typhi Shedder (n = 15 9) S Typhi Nonshedder (n = 55) P Value
Age, median (IQR), years 8.4 (5.4-10.1) 78 (5.8-10.7) .780
Sex
Male 10 (66.7) 31 (56.4) 473
Female 5(33.3) 24 (43.6)
Religion
Hindu 11 (73.3) 31 (56.4) 465
Christian 1(6.7) 4(7.3)
Muslim 3(20) 20 (36.4)
Socioeconomic Status®
Low 9 (60) 38 (69.1) .606
Middle 6 (40) 17 (30.9)
Source of Drinking Water®
Unimproved (municipal water) 14 (93.3) 51 (92.7) .936
Improved (bore well/commercially packaged) 1(6.7) 4(73)
Toilet Facility®
Unimproved sanitation 13 (86.7) 47 (85.5) .905
Improved sanitation 2 (13.3) 8(14.6)
Presence of Crowding®
Yes 4(26.7) 13 (23.6) .808
No 11 (73.3) 42 (76.4)

Abbreviations: IQR, interquartile range.
“The one child who was an incubatory carrier, with subsequent stool samples being negative after blood culture positivity was not included as an STyphi shedder.
®Socioeconomic status classification was done using modified Kuppusamy scale that accounted for occupation, education, and selected assets [19].

“Municipal water supply was classified as an unimproved drinking water because of it being at-risk of contamination before the point of collection at the household level (drinking water
samples were tested regularly as a part of the SEFI protocol with data published elsewhere) [20].

9Households with toilets with its effluents being discharged into drains without treatment were classified to have “unimproved” sanitation, and those households with effluents from toilets
being discharged into septic tanks were classified to have “improved” sanitation.

*Households that had more than 4 persons dwelling per room were classified as those with “crowding.”

Table 3. Clinical Characteristics of Salmonella Typhi Stool Shedders and Nonshedders (N = 70)

S Typhi Shedder Nonshedder
Clinical Characteristic (n=15) (%) (n =55) (%) P Value OR (95% CI)
Fever
Median (IQR) duration of fever, days 8 (7-11) 8 (7-10) .883 -
Mean (SD) temperature in the fever episode, °F 103.1 (1.1) 102.8 (1.3) .384 -
Vomiting present 7 (46.7) 24 (43.6) .834 1.1 (0.3-4.1)
Diarrhea present 5(33.3) 11 (20) .276 2 (0.4-8.1)
Abdominal pain present 9 (60) 24 (43.6) .260 1.9 (0.5-75)
Jaundice present 1(6.7) 1(1.8) .318 3.9 (0.1-308.2)
Antibiotic Usage During the Typhoid Fever Episode
Time of initiation of antibiotic from the onset of fever, days, median (IQR) 3(2-3) 3(3-4) 31 -
Total duration of antibiotic usage, days, median (IQR) 13 (12-17) 11 (10-13) .05 -
Duration of azithromycin® usage, days, median (IQR) 9 (2-10) 10 (10-11) .003
Hospitalization Details
Children hospitalized for the typhoid fever episode 9 (60) 9 (16.4) <.001 7.7 (1.8-32.6)
Duration of hospitalization, days, median (IQR) (n = 9) 6 (5-8) 7 (5-7) .894 -
Antibiotic Susceptibility Testing for Ciprofloxacin®
Complete sensitivity 0(0) 1(1.8) .870 -
Intermediate sensitivity 13 (86.7) 47 (85.5)
Complete resistance 2 (13.3) 7(12.7)

P < .05 is statistically significant and is presented in bold text.
Abbreviations: Cl, confidence interval; IQR, interquartile range; OR, odds ratio; SD, standard deviation.
#Azithromycin was given to all children with blood culture-positive typhoid fever as per the study protocol.

PAll of the 70 STyphi strains isolated by blood culture were completely sensitive to ampicillin, chloramphenicol, co-trimoxazole, azithromycin, and ceftriaxone.
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Table 4. Presence of Concurrent Stool Shedders of Salmonella Typhi
Within the 56 Households of Typhoid-Positive Children

Variable N (%)
Number of households with index case that had at 11%/56
least 1 family member shedding STyphi in stool (19.6%)
Number of household contacts (n = 172) from 56 12/172
households who were found to shed STyphi in stool (7%)
Number of contacts who shed STyphi more than once 2/12
during follow up (16.7%)

#Four and 7 households had STyphi shedders who were asymptomatic and symptomatic,
respectively. Of the 7 households with symptomatic shedders, 3 had a shedder and each
had history of fever; the other 4 households had sibling children as shedders and typhoid
fever had been confirmed by blood culture.

a community setting, making the case for S Typhi transmission
between shedders and contacts stronger [10, 18].

The role of antibiotics in relation to S Typhi shedding is an
important aspect investigated in this cohort. It is important
to note that 14% of children with typhoid in our study shed
S Typhi even after the completion of adequate antimicrobial
therapy. Previous studies based on stool culture have docu-
mented a remarkable reduction in bacillary shedding from 27%
to <6%, after treatment with azithromycin [21-27]. Although
azithromycin was shown to be effective in clearing S Typhi in
these studies, we noted a post-antibiotic shedding in our study
children of up to 14%. This could probably be attributed to the
use of highly sensitive PCR in our study when compared with
stool cultures used in other studies. Furthermore, the possi-
bility of persistence of S Typhi in the gut with an altered in-
testinal microbiota as a result of antibiotic therapy, which is
specific to the children in this setting, cannot be ruled out and
needs further exploration [9, 28].

Children hospitalized for typhoid fever in our study had 7.7
times higher odds of shedding S Typhi. To understand this as-
sociation, we explored the clinical severity of typhoid among
shedders who were hospitalized, compared with those not

hospitalized. Hospitalized children reported fever of high grade
and prolonged duration, vomiting, and diarrhea at significantly
higher rates compared to those treated as outpatients for ty-
phoid fever (data not shown). Consistent with our findings, a
hospital-based study from Vietnam reported a higher S Typhi
shedding of 27% in patients who concurrently reported gas-
trointestinal symptoms at a higher proportion [21]. Therefore,
S Typhi shedding in stool is perhaps a function of the clinical
severity in patients with typhoid fever. Furthermore, hospital-
ized typhoid cases in our study received antibiotics for a longer
duration compared to those not hospitalized (17 and 11 days,
respectively). This prolonged course of antibiotics in these hos-
pitalized children perhaps leads to an intestinal dysbiosis, with
an upregulated S Typhi persistence in the gut, and subsequently
shedding, and this has been documented with Salmonella spp in
humans as well as mice models [29].

It is worth noting that this study captured information on
S Typhi shedding among household members/contacts of the
index cases. Approximately one fifth of the households with
typhoid-positive children had at least 1 household member/
contact shedding S Typhi. Approximately 40% of these house-
hold member/contacts who were shedders were asympto-
matic and mostly adults. This is an important finding because
adults, although clinically immune to typhoid given the re-
peated exposures in endemic settings, could potentially add
to S Typhi transmission as asymptomatic shedders in house-
holds. Furthermore, a comparison of the time of onset of fever
in symptomatic shedders with the index cases in the respec-
tive households showed that the fever onset dates within each
household fell within a single time frame of 2 weeks. Although
this points towards a recent S Typhi infection within the same
household, further ascertainment of transmission from a
common point source such as contaminated drinking water
or a household contact is challenging, and this is beyond the
scope of the study.

Table 5. Characteristics of the Household Contacts Within the 11 Households of Typhoid Positive Children® Who Shed Salmonella Typhi in Stool (n = 12)

House- Age of the House- No. of Positive Symptomatic/ Time to Positivity From Fever Onset
hold ID hold Contact, Years Sex Relationship Household Contacts Asymptomatic in Symptomatic Contacts, Days
H1 15 F Sister 1 Symptomatic 18
H2 1 F Sister 1 Symptomatic 23
H3 27 F Mother 1 Symptomatic 1"
H4 5 M Brother 1 Symptomatic? -3°
H5 9 F Sister 1 Symptomatic® 6
H6 4 F Sister 1 Symptomatic® 10
H7 2 F Sister 1 Symptomatic® 18
H8 42 F Mother 1 Asymptomatic -
H9 65 M Grandfather 2 Asymptomatic -
32 F Mother Asymptomatic -
H10 35 F Mother 1 Asymptomatic -
H11 8 M Brother 1 Asymptomatic -

“Blood culture-confirmed typhoid fever.

®This child, a sibling of an index case, shed STyphi 3 days before the onset of typhoid fever as a result of testing of stool sample that was collected for all household members of the index

case.
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Controlled human infection models have shown that the
Typhoid conjugate vaccine (TCV) decreases S Typhi shedding
in those exposed to the infection [12]. Improving water and
sanitation along with TCV introduction is pivotal in devel-
oping settings like India to reduce transmission and the disease
burden. The strengths of this study are the intensive and sys-
tematic follow up of blood culture-confirmed typhoid-positive
children and the incorporation of the highly sensitive qPCR to
detect stool shedding of S Typhi in place of stool culture (sensi-
tivity <40%) [22, 23]. This study has a few limitations. The study
could not capture S Typhi shedding during the incubatory and
early phase of illness, given that shedding is highest during the
early part of typhoid fever [12]. Because stool samples were col-
lected in the second week of illness or after children were dis-
charged from the hospital, episodes of shedding may have been
missed during the acute phase of infection. In addition, prior
studies have used stool culture to determine shedding; thus, it
is difficult to make direct comparisons between this study and
prior studies. Furthermore, ascertaining household transmis-
sion based on a positive PCR is unclear, because it may pick up
both live and dead organisms in the test.

CONCLUSIONS

In conclusion, our study documents a high proportion of children
under 15 years of age shedding S Typhi, given that children con-
stitute a major bulk of the typhoid disease burden in endemic
settings. Salmonella Typhi shedding was observed even with the
timely initiation of antimicrobial therapy. These children re-
covering from typhoid fever could be potential drivers of typhoid
disease transmission in communities with suboptimal water
and sanitation. The detection and treatment of typhoid carriers
is challenging. However, typhoid control activities such as the
national introduction of Typhoid conjugate vaccine, in concur-
rence with efforts to strengthen water and sanitation, is pivotal to
break the transmission cycle of S Typhi in high-burden settings.
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