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Abstract. We investigated an outbreak of hepatitis A infection among children in an urban settlement of Vellore, South
India. A total of 58 casesof jaundicewere reportedbetweenApril andAugust 2019. Sera fromchildrenwhopresentedwith
jaundice were tested for hepatitis A virus (HAV) IgM. HAV IgM was positive in 18 (94.7%) of the 19 cases tested. These
children also received a blood culture at the same time, as a part of the ongoing Surveillance for Enteric Fever in India
(SEFI). Blood cultures from three children with confirmed hepatitis A infection grew Salmonella sp.: two with Salmonella
Typhi and one with Salmonella Poona. Salmonella Poona is being reported for the first time from India. The overall
hospitalization rate during the outbreakwas 21%.Outbreaks of hepatitis A continue to occur with substantial morbidity in
children from endemic settings, with notable emergence of other concurrent enteric infections, thereby warranting
continued surveillance.

Outbreaks of hepatitis A virus (HAV) infection continue to be
reported from parts of India, transitioning from hyper- to in-
termediate endemicity.1–4 Populations residing in hyper-
endemic areas are exposed to HAV at an earlier age during
childhood, presenting mostly as asymptomatic infections,
thereby acquiring protection from natural infection. However,
in communities that are transitioning from a hyper-endemic to
an intermediate-endemic state for HAV, there has been a re-
sultant decrease inHAVcirculation.5 This hasbrought in a shift
in the age at infection from early childhood to later ages, in
those whom the disease tends to be severe.6 In this context,
many parts of India which are in the process of improving their
water and sewage facilities face a risk of periodic outbreaks of
HAV. As and when the threshold in the build-up of suscepti-
bles has been attained, along with concurrent disruptions in
water and sewage systems, conditions become conducive,
favoring the feco-oral transmission of enteric pathogens.
Hepatitis A virus and Salmonella sp. share similar routes of
transmission and may coinfect individuals at risk. We report
here an outbreak of hepatitis A with concomitant salmonel-
losis from an urban settlement of Vellore in South India be-
tween April and August 2019, a locality which previously
reported an outbreak of HAV in 2006.2

Surveillance for Enteric Fever in India (SEFI) was estab-
lished in October 2017 to estimate the age-specific in-
cidence of typhoid fever in Indian children aged between
6 months and 15 years in community-based cohorts across
four different sites in India by active surveillance for fever.7

The cohort at Vellore comprises 6,000 children from four
contiguous semi-urban settlements of Vellore town (Chin-
nallapuram [CAP], Ramnaickanpalayam [RNP], Kaspa, and
Vasanthapuram [VSPM]). The Institutional Review Board
(IRB) of Christian Medical College, Vellore, approved the
community surveillance for febrile illness under SEFI (IRB
Min No: 10,393, dated November 30, 2016).

In June2019, clusteringof jaundicecaseswasobserved in the
Vellore cohort of SEFI, and therefore, an outbreak investigation
was conducted, interviewing households, children and adults,
from clusters of cases identified within the four areas of Vellore
cohort. A casewas defined as any child or familymember with a
history of jaundice between April and August 2019, with no prior
history of liver disease. The SEFI field research assistants who
performed weekly surveillance elicited history of jaundice from
6,212 individuals in1,239 families.Of the6,212 individuals, 2,480
(40%) were children aged less than 15 years. Cases identified in
the survey were further contacted by the study physician to
confirm jaundice, and a detailed history was collected. Subjects
who consented were tested for IgM anti-HAV and IgM anti-
Hepatitis E virus (HEV) at the department of Clinical Virology,
Christian Medical College, Vellore. An epidemic curve depicting
the weekly occurrence of cases was constructed using Stata 15
(StataCorp. [2017]. Stata Statistical Software: Release 15. Col-
lege Station, TX: StataCorp LLC) (Figure 1). A spotmap of cases
of hepatitis was plotted using Geographical Information System
coordinates captured during the investigation (Figure 2).
Between April and August 2019, we identified 58 cases of

jaundice using the surveillance case definition. The baseline
characteristics of these 58 cases are shown in Table 1. Of the
58 cases, 57 were children aged less than 15 years, with one
adult aged 19 years. The attack rate of jaundice in children
aged less than 5 years, 5–10 years, and10–15 yearswas 1.5%
(8/537), 2.8% (28/1,005), and 2.4% (22/938), respectively.
Clustering within eight streets of the study area was observed
in 31 of the 58 cases, with eight cases from a single street of
RNP. The clustering of cases in time is shown in Figure 1, with
a primary peak at week 4 consisting of nine cases, followed by
secondary peaks at week 8with 6 cases. Following rains in the
later part of July, themonsoonperiod for Vellore and the rest of
south India, the epidemic continued resulting in two additional
peaks at weeks 13 and 15, with seven cases each. Clustering
of 14 cases was seen among individuals sharing the same
compound, with one particular dwelling reporting four cases.
Another 10 cases were clustered, with two cases each being
reported from five houses. The time interval between the
primary and secondary cases within these houses ranged
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between 4 and 40 days. Twelve (20.7%) of 58 cases with
jaundicewere hospitalized. Liver function tests of children less
than 6 years of age showed a 7- to 33-fold increase in alanine
transaminase (ALT) from baseline (35 U/L), whereas older
children (10–13 years) showed a 13- to 73-fold increase. Of
those tested for IgM HAV (19/58) and IgM HEV (11/58), 18/19
(94.7%) were positive for IgM HAV, and all 11 tested negative
for IgM HEV. Between April and August 2019, 64 typhoid fe-
vers were detected in the Vellore cohort of SEFI. As a part of
SEFI protocol, blood cultures are performed for children with
fever lasting for more than 3 days (defined as suspected ty-
phoid fever), and thereby, 24of 58casesof jaundice receiveda
blood culture during the same episode of illness when they
presented with jaundice. Two children grew Salmonella Typhi
and one Salmonella Poona, with all three being concurrently
positive for HAV IgM. The ultrasonogram abdomen of one
particular child, coinfected with HAV and S. Typhi, showed a
thickened and edematous outer wall of the gall bladder.
Children younger than 5 years are at a high risk for HAV in-

fection inendemicsettings.Ourfindingsshowa lowattack rate in
the under-fives because children under-five are often asymp-
tomatic following HAV infection and can be identified only by
serosurveys. In older children,HAV infection tends tobeclinically
severe, leading to very high ALT levels.5 Drinkingwater sampling
carried out between April and July 2019 from 306 randomly se-
lected SEFI households revealed coliform colonies > 10,000 per
100 mL in 229 (74.8%) households, and none of the samples
showed the presence of residual chlorine (< 0.5 ppm), indicating
the dangerously poor standards in the quality of drinking water
supplied through the public distribution system in the area.
Around 86% of SEFI households depend on the public distri-
bution system for drinking water, the supply often being in-
termittent. Furthermore, 15%of these households lackedproper
sanitation, with their toilets directly connecting to open drains.
The sewage drains and drinking water pipes in this area run in
parallel and close proximity (Figure 2). Negative suction in water

FIGURE 1. Epidemiccurveshowing thenumberof childrenwithhepatitis in theSurveillance for EntericFever in India cohort betweenMay18, 2019
and August 10, 2019.

FIGURE 2. Spot map showing the cases of hepatitis along with those
positive forhepatitisAvirus IgMandSalmonellaTyphi/SalmonellaPoona in
the Surveillance for Enteric Fever in India study site using a geographic
information system. This figure appears in color at www.ajtmh.org.
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pipelines due to intermittent water supply and the pre-existing
breaks in the older pipelines can facilitate contamination ofwater
with sewage lines.8 Considering the inadequately engineered
water supply and acute phase shedding of HAV in stool, with

the incubationperiodbeing28days forHAV, the incidentcases in
the primary wave possibly served as the source of infection
for thesecondarywave, andhence thepeaksatweeks8, 13, and
15.5Thus, theunplannedurbanization in theareawithnosewage

TABLE 1
Baseline characteristics of the children with hepatitis in the Surveillance for Enteric Fever in India cohort (N = 58)

Characteristic N = 58

Age (years) < 5 8 (13.8)
5–10 28 (48.3)
> 10 22 (37.9)

Gender Male 26 (44.8)
Female 32 (55.2)

Clinical features Jaundice 58 (100)
Fever 46 (79.3)
Abdominal pain 45 (77.6)
Loss of appetite 41 (70.7)
Vomiting 43 (74.1)
Loose stools 14 (24.1)

HAV IgM testing Number of children tested 19 (32.8)
Number of children positive among those

tested
18/19 (94.7)

Blood culture Number of childrenwith jaundicewhohad
a concurrent blood culture

24 (41.4)

Number of children positive for
Salmonella Typhi

2/24 (8.3)*

Number of children positive for
Salmonella Poona

1/24 (4.2)†

Hospitalization Number of children hospitalized 12 (20.7)
Epidemiological characteristics Source of drinking water

a. Public distribution system 53 (91.4)
b. Bottled water/packaged water 5 (8.6)
Consumption of locally prepared ice

sticks before illness
48 (82.8)

History of contact with a case of jaundice 14 (24.1)
* Both the children were positive for HAV IgM and S. Typhi.
† This child was positive for HAV IgM and S. Poona.

TABLE 2
Clinical characteristics of the three children positive for HAV IgM and concurrent S.Typhi/S. Poona

Characteristic Child 1: hepatitis A with S. Typhi Child 2: hepatitis A with S. Typhi Child 3: hepatitis A with S. Poona

Age (completed years) 10 10 12
Gender Male Male Male
First presenting symptom (duration in
days)

Fever (8) Fever (7) Fever (5)

Time of presentation of jaundice during
the illness episode

First week First week Second week

Other symptoms Abdominal pain, loss of appetite,
and vomiting

Abdominal pain, loss of
appetite, and
vomiting

Abdominal pain and lossof appetite

Hospitalization Yes No No
Investigations
HAV IgM Positive Positive Positive
Blood culture S. Typhi S. Typhi S. Poona

Liver function test
Total bilirubin (TB) (mg/dL) 6.2 NA 5.8
Direct bilirubin (DB) (mg/dL) 5.7 3.7
AST (U/L) 127 NA 371
ALT (U/L) 578 NA 1,027
ALP (U/L) 282 NA 307

Ultrasonogram of abdomen Distended gallbladder
with thickened and edematous
outer wall

NA NA

Treatment taken IV ampicillin, gentamycin,
metronidazole, cefotaxime for 2
days, followed by oral cefixime for 15
days

Oral azithromycin for 12
days

Oral azithromycin for 5 days

Outcome Recovered without sequela Recovered without
sequela

Recovered without sequela

NA = not available; S. Poona = Salmonella Poona; S. Typhi = Salmonella Typhi.
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treatment propagated the epidemic, lengthening it to last for
16 weeks and beyond. Furthermore, poor or no chlorination at
the level of water entry into the public distribution system could
have resulted in the thriving of various enteric pathogens, thus
leading to the co-occurrence ofHAVwithSalmonella sp. as seen
in the three children during the epidemic. There have been case
reports on HAV and S. Typhi coinfection in children from other
Indian settings, but not with S. Poona.9,10

The child coinfected with S. Typhi and HAV presented with
inflammatory changes in the gall bladder, and it is unclear
whether inflammation of the gallbladder in HAV infection fa-
vors the persistence of S. Typhi, predisposing them to the
carrier state.11–13 This is the first report from India reporting a
coinfection of HAV and S. Poona in a child. Outbreaks of S.
Poona, an invasive non-typhoidal Salmonella, have been re-
portedmainly from theWesternworld,with hospitalization and
case fatality rates of 22.5% and 0.6%, respectively, in the
United States.14–16 A hospital-based study has shown that
hepatitis A infections account for about 50%of acute hepatitis
and acute liver failure cases in Indian children presenting to a
tertiary care center.17 Although the population in endemic
areas with poor sanitation acquire natural protection for hep-
atitis A infection by early childhood, the occurrence of an
outbreak with substantial pediatric hospitalization rate in this
population raises concern.
Our findings highlight that hepatitis A infection can present

as sporadic outbreaks in communitieswith substandardwater
and sewage systems, concurrent with other enteric infections
such as invasive salmonellosis. Thus, population-based sur-
veillance for hepatitis A is required in India, to identify pop-
ulations and geographical regions at risk, and thereby
potentially plan implementation strategies for hepatitis A
vaccination.While typhoid per se can presentwith hepatitis as
a complication, although rarely, it is also plausible for the pa-
tient to present with hepatitis due to coinfection with HAV in
settings similar to this. Continued surveillance is needed to
carefully look for the emergence of salmonellosis occurring in
concurrence with outbreaks of HAV and other enteric infec-
tions in urban settlements with poorly engineered water and
sewage systems with dense population agglomerations.
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