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Abstract
Study Background: An unprecedented outbreak of enterically transmitted acute hepatitis erupted in Raipur 

between April-June, 2014 claiming lives of 23 persons including 8 pregnant women. It was investigated by serological, 
biochemical and molecular methods to reveal its etiological agent, prevalence and genotype responsible for the 
outbreak. 

Methods: A total of one hundred six (106) blood samples from equal number of suspected cases of acute 
hepatitis cases presented in AIIMS Raipur for treatment were investigated for Anti-HEV IgM, Anti-HAV IgM, LFT, 
RT-PCR and sequencing. 

Results: Serological analysis incriminated HEV as the chief causative agent of this outbreak with attack rate of 
68.8% followed by HAV (9.4%) while dual infection was noted in 2 cases (1.8%). Mortality rate of 2.87 per 10,000 
population and incidence rate of 1.7% were recorded. In comparison to children and elderly cases, adults age group 
were more affected with men had higher attack rate than women and children (p<0.01). 98% cases had moderate 
to severely deranged LFT level. nRT-PCR and sequencing analysis confirmed the presence of HEV genotype 1a.

Conclusion: Contamination of municipal water pipelines by sewage drain had triggered this outbreak caused 
predominantly by HEV genotype 1a with few HAV cases. This warranted the health and municipal authorities to 
change the defaulted water pipeline and segregate it from sewage drain resulting in progressive decline of this ill 
feted outbreak.
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Introduction
Hepatitis E virus(HEV) and Hepatitis A Virus(HAV) are enterically 

transmitted viruses of public health importance due to their ability to 
cause sporadic, endemic and epidemic outbreaks mostly associated 
with sewage contamination of drinking water especially in developing 
countries [1,2]. HAV despite worldwide distribution cause rare 
epidemic involving mainly infants and young children and they 
develop protective immunity till the adult age is attained [2,3]. HEV, 
on the other hand frequently reported to cause epidemics in developing 
countries affecting older children and young adults and is reported to 
affect 20million people worldwide with over 3 million acute cases and 
about 56,600 deaths every year [1,4]. In India, HEV is reported to be 
endemic accounting for 50-70% of sporadic outbreaks of enterically 
transmitted hepatitis [3]. Although, HEV generally cause mild hepatitis 
in young to middle aged adults (15-40year old) and treatment remains 
symptomatic, severity can be exorbitant by causing fulminant hepatic 
failure (FHF) in pregnant women especially in third trimester wherein 
mortality can go as high as 20% as compared to 0.2-1% in general 
population [5]. 

The HEV belongs to family Hepeviridae genus Hepeviruses that has 
about 7.2 kb long positive sense, single stranded RNA genome [6]. The 
virus is having single serotype with four genotypes divided in to several 
sub-genotypes. It is reported that the infecting genotype/sub-genotype 
play a role in disease severity and transmission, thus have important 
epidemiological implications [7]. Genotype 1 is known to be circulating 
in North, West and South India; however no genotypic information is 
available from Central India [7-9].

Since the first documented outbreak of HEV from Delhi in 1955-
56, several outbreaks of HEV have been reported from different parts of 
India using a descriptive approach [7-11]. Singh et al, 1998 has reported 

68% of acute sporadic cases of viral hepatitis due to HEV and HAV on 
the basis of serological finding [10]. However no genotypic study has 
been done from central India. In April, 2014, health officials received 
reports of unprecedented upsurge in the number of cases of acute 
hepatitis from Raipur, the capital of Chhattisgarh state of India wherein 
23 people including 8 pregnant women succumbed to infection. Local 
media and health personnel found the contamination of water pipelines 
with sewage drain at several parts of Raipur. All India Institute of Medical 
Sciences (AIIMS), Raipur being one of the main tertiary hospitals has 
been appointed for investigation and management of the suspected 
cases of acute hepatitis. Accordingly this outbreak was investigated 
with the objectives of (i) identifying the etiological agent by serological 
and molecular methods and assessing its demographic profile, (ii) 
genotyping and sub typing of the isolated HEV strain to understand 
epidemiology in central India and (iii) proposing appropriate control 
and preventive measures.

Materials and Methods
Study area and period

 The suspected cases of acute hepatitis were reported to All India 
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Institute of Medical Sciences (AIIMS), Raipur, from different localities 
of Raipur, a capital of Chhattisgarh. The details included Deen Dayal 
Uppadhay Nagar (DDU) (n=55), Hirapur (n=23), Gudhiyari (n=09), 
Daganiya (n=05), Kabir Nagar (n=06) and Sunder Nagar (n=08) 
equaling to a total of 106 cases received between 20th April to 30th 
June, 2014 (Figure 1). Data from local census authority showed the 
population of the region as 79890 residents. We obtained information 
regarding demographic characteristics, area of residence and date of 
admission from all patients. Information was also generated from the 
patients for source of drinking water.

Sample collection and age distribution parameter 

A total of Hundred and six (106) blood samples were received from 
equal number of suspected cases of acute hepatitis (60 male, 29 female 
and 17 children) in department of Microbiology, AIIMS, Raipur for 
serological diagnosis of HEV and HAV with inclusion criteria included 
was to enroll those cases that have jaundice with at least one of the 
following symptoms: Dark urine, fever, abdominal pain, vomiting 
and loss of appetite. Majority of the patients showed these clinical 
features of acute hepatitis with slight varying proportion (Figure 2). 
Age distribution comprised of distribution of suspected cases in three 
category viz., children and adolescent up to 17years (n=17, male 11, 
female 06), adults between 18-50 years( n=68, male 46, female 22) and 
elderly above 50years of age(n=21, 14 male, 7 female). Since this study 
was done in response to public health emergency to investigate the 
outbreak, ethical clearance was not required.

Laboratory investigation

(i) Serological investigation: All sera samples were screened 

for IgM antibody to HEV and HAV using IgM capture ELISA kit 
(Immunovision, Springdale, AR, USA) in accordance with the 
manufacturer’s instructions. The in-house anti-HEV and anti-HAV 
positive control was also used along with the kit controls.

(ii) Biochemical investigation: The following biochemical 
parameters were done for all the patients: (i) Total bilirubin, direct 
and indirect (ii) serum alanine aminotransferase (ALT), (iii) serum 
aspartate aminotransferase (AST) and (iv) alkaline phosphatase (ALP) 
in accordance with their respective kit protocols. 

(iii) Molecular investigation: Randomly picked 17 HEV ELISA positive 
samples were tested by nested reverse transcriptase polymerase chain reaction 
(nRT-PCR) for confirmation of etiology as described by Kumar et al, 2007 [12] 
with minor modifications. Briefly the viral RNA was extracted using QIAgen’s 
Viral RNA kit (QiagenGmbH, Germany), by following manufacturers protocol 
and the extracted RNA was subjected to RT- PCR using kit (Superscript® 
One Step RT-PCR kit with Platinum® Taq DNA Polymerase, Catalogue 
Number: 12574-018, Invitrogen, USA) following manufacturer protocol.
For phylogenetic analysis, nRT PCR as described by Arankalle et al. [13] for 
ORF 1 was used (Table 1). The nested PCR products of (n= 05) samples were 
subjected to sequencing as described earlier [14]. The resulting sequences were 
curated and submitted to the GenBank.

Data Analysis
 Prevalence of HEV and HAV affect in this outbreak were statistically 

compared in males, females and children by Chi square test (χ2) using 
Stata statistical software(release 5.0; Stata Corporation, USA). To 
establish genotype and sub type, sequences obtained from our study 
were compared with 20 representative NCBI sequences of all genotypes 

Figure 1: Map of India and Chhattisgarh Raipur (A) showing hepatitis affected 
areas in Raipur city in 2014 (Map not to the scale).
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Figure 2: Clinical presentation of acute viral Hepatitis cases(X Axis = clinical 
symptoms, Y Axis= percent of the cases showing symptoms). 
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Figure 3: The Gel image showing diagnostic nRTPCR (A):RT-PCR of hepatitis 
E virus : lane 1 and 2 : showing RT-PCR products of 575 bases, lane 3: negative 
sample lane 4: Negative Control Lane 5: 100 bp ladder, Lane 6: Positive control 
(B): Showing nested of PCR of HEV product size 327 bases Lane 1,2: showing 
positive samples, lane 3: negative sample , lane 4: Negative control , 5: 100 bp 
ladder, lane 6: Positive Control

Primer Gene Sequence Product 
Size

Hep E 1F (O)* ORF 1 CCA CAC ACA TCT GAG CTA CAT 
TCG TGA GCT

575bp
Hep E 1R (O)* ORF 1 AGG CAT CCA TGG TGT TTG AGA 

ATG AC
Hep E 2F (Nest*) ORF 1 CGA CTC CAC CCA GAA TAA CTT

327bpHep E 2R 
(Nest)* ORF 1 CAC AGC CGG CGA TCA GGA 

CAG

RNAPEF# RNAPORF1 ACATTTGAATTMACAGACATT-
GTGC

826bp
RNAPER# RNAPORF1 ACACASATCTGWGCTACATTC-

GTGAG
RNAPIF# RNAPORF1 GACGTGTCCAGGATCACCTTC

535bp
RNAPIR# RNAPORF1 ACTCACTGCAAAGCACTATC-

GAATC

*Primers used for diagnostic identification. 12

# Primer used for Phylogenetic analysis.
13

Table 1: Primers with their sequences(5’ to 3’).
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using BioEdit v7.0.9 (Tom Hall Ibis Biosciences, USA). The multiple 
sequence alignment and phylogenetic analysis were performed using 
CLUSTAL W and MEGA5 software [15] and the tree was generated 
with 1000 bootstrap replicates.

Results
Out of 106 suspected cases of acute hepatitis, a total of 85 cases 

were confirmed by serological investigation. HEV was found to be the 
predominant etiological agent responsible for acute hepatitis with attack 
rate of 68.8% (73 cases) alone whereas attack rate of HAV was found to 
be 9.4%(10 cases) and 2 cases (1.8%) were found to have dual infection 
of HEV and HAV (Table 2). Age and gender parameter showed males 
(n=71, 66.9%) were mainly affected in this outbreak with 52(49.0%) 
were affected from HEV, 8(7.5%) from HAV and 2 cases(1.8%) were 
affected with both HEV and HAV in comparison to women(n=35, 
33.0%) patients, wherein 21(19.8%) showed positive anti HEV IgM 

antibody and 2(1.8%) were found affected with HAV showing the 
significant difference(p<0.01, p=0.9732). No dual infection was seen in 
women. Among individual category of children (n=17), 10(58.8%) were 
found positive for HEV, 3(17.6%) for HAV and 1(5.8%) dual infection 
of HEV and HAV. In adult category (18-50years), maximum cases were 
reported. It included 50(73.5%) cases of HEV, 5(7.3%) of HAV and 
1(1.4%) case of dual infection of HEV and HAV. In elderly category 
(>50years), HEV was found in 13(61.9%) cases and HAV in 2(9.5%) 
from a total of 21(19.8%) suspected cases of acute hepatitis (Table 2). 

Average age group affected in children and adolescent was 11.6yrs, 
in adults this statics was 28.12 yrs for men and 29.75 yrs for women, 
while 57.28yrs in elderly age group above 50.

The death of 23 patient’s in initial stages of the outbreak on 
comparison with residential affected population (n=79,890) revealed 
the mortality rate of 2.87 per 10,000 population. Maximum serological 
(ELISA positive) cases were confirmed from DDU Nagar [n=55 (HEV 

Figure 4: Phylogenetic tree of Hepatitis E virus generated by the NJ Method, based on the ORF1 (360bp) region. Reference strains are labeled with its accession 
number and country of origin followed by year of detection. The strains of our study are marked with ( ). Respective genotypes and sub-genotypes are marked after 
the bracket. Novel HEV genotype in rats used as outgroup. *NA=Place of origin not available. 

Age group No. of cases (%) HEV
Number of cases (%)

HAV
Number of cases (%) Dual HAV & HEV

Total Male Female Total Male Female Total Male Female Total Male Female
0-17 yrs 17(16.0) 11(64.7) 6(35.2) 10(58.8) 7(41.1) 3(17.6) 3(17.6) 2(9.5) 1(5.8) 1(5.8) 1(5.8) 0(0.0)
18-50 yrs 68(64.1) 46(67.6) 22(32.3) 50(73.5) 36(52.9) 14(20.5) 5(7.3) 4(5.8) 1(1.4) 1(1.4) 1(1.4) 0(0.0)
>50 yrs 21(19.8) 14(66.6) 7(33.3) 13(61.9) 9(42.8) 4(19.0) 2(9.5) 2(9.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Total 106 71(66.9) 35(33.0) 73(68.8) 52(49.0) 21(19.8) 10(9.4) 8(7.5) 2(1.8) 2(1.8) 2(1.8) 0(0.0)

Table 2: Attack rate of HEV & HAV versus age and gender distribution.

Zone(n=number of cases received) HEV HAV Dual infection of HAV & HEV
DDU(n=55) 39 7 2
Heerapur(n=23) 15 1 -
Gudhiyari(n=9) 6 - -
Daganiya(n=5) 3 - -
Kabir Nagar(n=6) 4 2 -
Sunder Nagar(n=8) 6 - -
Total(n=106) 73 10 2

Table 3: Zone wise outbreak of HEV & HAV.
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=39, HAV=7, HEV and HAV dual infection=2)], followed by Hirapur 
[n=23(HEV =15, HAV=1)], Gudhiyari [n=9 (HEV=6)], Daganiya 
[n=5 (HEV=3)], Kabir Nagar [n=6 (HEV=4, HAV=2)], Sunder Nagar 
[n=8 (HEV=6)] (Table 3). Since DDU Nagar was the epicenter of this 
outbreak, the incidence rate extrapolated at the population of 28000 
is calculated at 1.7%. Area wise analysis revealed that majority of the 
HEV and HAV positive cases were found from DDU Nagar where in 
old rusted water pipe line were found contaminated with seepage from 
sewage pipelines. 

Biochemical investigation revealed 50% cases had total and direct 
bilirubin level greater than 10 mg/dl. ALT and AST levels were raised 
10-100 times in 70% and 45% cases respectively. In 75% of cases the 
ALP level was raised, ranging between 101-500 unit/litre. More than 
90% cases had moderate to severely deranged LFT (Table 4 and 5). 

The randomly picked 17 HEV ELISA positive samples were also 
found positive by nRT-PCR for HEV RNA, indicating HEV as major 
etiological factor (Figure 3). Further, sequencing and phylogenetic 
analysis of the five PCR products (GenBank accession number KT071749-
KT071753) from these samples revealed that the HEV strain was closely 
related (99% at nucleotide level and 100% at amino acid level) to the HEV 
virus recently detected at Nepal (Gen Bank accession number AF 051830) 
and was belonging to genotype 1, subtype 1a which is the predominant 
type circulating in India. All the nucleotide sequences isolated from this 
outbreak were found nearly identical (Figure 4).

Follow up revealed no mortality in any of the cases under 
investigation probably due to timely diagnosis and medical intervention.

Discussion
Our study confirm the HEV as the prime etiological agent of this 

outbreak of acute hepatitis. This virus is documented to be a major 
cause of outbreaks of acute hepatitis in developing countries like India. 
It is reported as the cause of hepatitis outbreak as early as in 1955-
56 from its first detection in Delhi [11] and since then continuously 
reported from various parts of the country viz., Kanpur [16], Rajasthan 
[17], Kolkata [18], Hyderabad [19], Girdharnagar, Ahmedabad [20], 
Punjab[21], with no molecular study has ever been reported from 
Chhattisgarh, Central India. To best of our knowledge this is the first 
confirmed report of HEV outbreak from this part of the country.

Higher male positivity (66.9%) in comparison to female (33.0%) 

was noticed in this outbreak, similar finding are documented from other 
parts of the country [8,16,22]. Significantly more number of adults in 
comparison to children was affected due to HEV, and this is a hallmark 
of HEV epidemiology. The affected age groups in this outbreak were 
analogous as reported earlier [8,16]. Death of eight pregnant women 
indicated the severity of HEV especially among this group as also 
corroborated by earlier studies [23,24]. Reason/s for the higher attack 
rate in men than women and children needs further epidemiological 
investigation.

The death of 23 patient’s in initial stages of the outbreak on 
comparison with residential affected population reveals the mortality 
rate of 2.87 per 10,000 population, which was fairly higher. The 
clinical findings such as icterus, anorexia, pyrexia, abdominal pain, 
dark colored urine, nausea/vomiting, pain in right chondrium and 
laboratory biochemical investigations showing bilirubin level greater 
than 10 mg/dl and raised ALT, AST and ALP were similar as reported 
in other HEV outbreaks [25]. The raised levels of liver enzymes denote 
the devastating nature of these two viruses on hepatocytes and give the 
indirect indication of the virulent propensity of HEV and HAV. Thus, in 
this outbreak if the diagnostic and control measures were not initiated 
timely, it would have resulted in still higher mortality.

During the outbreak we also detected 10 cases of HAV indicating 
that HAV was also circulating. Two cases of co-infection were also 
detected. Interestingly, one of these cases was adult. However we 
did not noticed any significant difference in clinical presentation 
and laboratory findings among these three groups ie HEV, HAV and 
HEV+HAV infected. 

We report 9.4% prevalence of HAV. Recently, Barde et al have 
reported positivity of about 20% in hospitalized cases of HAV from 
Jabalpur, India [14]. Literature describe that there is overall decreasing 
trend in accordance with shifting patterns of seroprevalence over the 
past 20 years in Southeast Asia reflecting improved living standard 
and environmental hygiene [26,27]. HAV genotype III A was shown 
to be circulating in other part of central India [14], it would be worth 
to monitor the circulating genotype/s and shifting trends in this part of 
country to understand intricacies of epidemiology of HAV. 

The molecular studies conducted confirmed the serological 
findings. Further the phylogenetic analysis on five representative 
samples confirmed that the HEV virus belongs to genotype 1a. Previous 
reports suggested that genotype1 and 4 are circulating in humans and 
pigs, respectively in India [28]. Sub-genotype 1a and 1c are detected 
from humans in India [7]. Further it is reported that the infecting 
genotype play a role determining severity of disease and transmission, 
and HEV genotype 1c is considered showing trends of severity and 
fulminant hepatitis [7,29]. Isolation and further characterization of 
the circulating HEV strains at molecular levels using long stretches of 
ORF, especially hyper variable regions of ORF 1 along with systematic 
clinical data would help in designing better control and treatment 
(intervention) strategies. 

Both HEV and HAV are preventable infection through provision of 
clean drinking water. As the water pipelines were found contaminated 
with sewage drainage at several sites in the region, unsafe water 
consumption appeared to be the main reason of this outbreak. 
Serological confirmation prompted the civic authorities to change the 
water pipelines and separate them from sewage drainage line. 

In India and other developing countries endemic for water borne 
outbreak of HEV and HAV, Health and civic authorities should place 
some surveillance system to regularly monitor over a fixed period 
of time the portability of drinking water to avoid such preventable 
outbreak in future.

Range(mg/dl) Total Bilirubin Indirect Bilirubin Direct Bilirubin
≤1.0 5 8 12
1.1-5 18 20 14

5.1-10 19 14 16
10.1-15 17 22 18
15.1-20 19 18 20
≥ 20.1 7 3 5

Table 4: Serum Bilirubin levels among serologically positive patients (N=85).

Range (U/L) ALT(SGOT) AST(SGPT) ALP
< 50 15 31 0

50-100 10 15 10
101-500 29 18 65

501-1000 20 9 6
1001-2001 8 11 4
2001-5000 3 1 0

Table 5: Serum ALT, AST and ALP level among serologically positive patients 
(N=85). Standard biological range for ALT, AST and ALP used in the study were 
7-41U/L, 12-40U/L and 33-105U/L respectively.
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Our study has few limitations such as not testing chlorine content 
and coliforms in water samples, not testing samples of death cases owing 
to late initiation of outbreak investigation and high positivity to some 
extent as a result of hospital based study that might reflect the data of 
only critical and referred cases as some patients do not always present 
to tertiary care centre. Nevertheless this study has enough evidence that 
documents the first outbreak of HEV outbreak from central India. 

It was concluded that the supply of fecally contaminated drinking 
water due to old and corroded pipelines passing close to old leaking 
sewage lines might have led to the outbreak of HEV. The regular 
epidemiological and microbiological surveys can contain any future 
outbreak and associated mortality and morbidity.
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