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a b s t r a c t

Viral hepatitis is a cause formajor health care burden in India and is now equated as a threat

comparable to the ‘‘big three’’ communicable diseases –HIV/AIDS, malaria and tuberculosis.

Hepatitis A virus and Hepatitis E virus are predominantly enterically transmitted pathogens

and are responsible to cause both sporadic infections and epidemics of acute viral hepatitis.

Hepatitis B virus andHepatitis C virus are predominantly spread via parenteral route and are

notorious to cause chronic hepatitis which can lead to grave complications including

cirrhosis of liver and hepatocellular carcinoma. Around 400 million people all over the

world suffer from chronic hepatitis and the Asia-Pacific region constitutes the epicentre

of this epidemic. The present article would aim to cover the basic virologic aspects of these

viruses and highlight the present scenario of viral hepatitis in India.

# 2016 Published by Elsevier B.V. on behalf of Director General, Armed Forces Medical

Services.
Introduction
Viral hepatitis is a cause for major health care burden in India
and is now equated as a threat comparable to the ‘‘big three’’
communicable diseases – HIV/AIDS, malaria and tuberculo-
sis.1 Hepatitis A virus (HAV) and Hepatitis E virus (HEV) are
predominantly enterically transmitted pathogens and are
responsible to cause both sporadic infections and epidemics of
acute viral hepatitis (AVH). Hepatitis B virus (HBV) and
Hepatitis C virus (HCV) are predominantly spread via
parenteral route and are notorious to cause chronic hepatitis,
which can lead to grave complications including cirrhosis of
liver and hepatocellular carcinoma (HCC). Around 400 million
people all over the world suffer from chronic hepatitis and the
Asia-Pacific region constitutes the epicentre of this epidemic.1

The present article would aim to cover the basic virologic
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aspects of these viruses and highlight the present scenario of
viral hepatitis in India.
HAV

HAV is a single-stranded RNA virus belonging to the family
Picornaviridae. It is spread via the faecal–oral route and is
closely associated with poor sanitary and bad hygienic
conditions. HAV infection is common during childhood in
developing countries like India and usually results in mild
anicteric hepatitis. Majority of children (85%) below the age of 2
years and around 50% aged between 2 and 5 years have non-
specific symptoms and are usually anicteric.2 However, HAV
infection was reported to cause severe disease with increasing
age of the patient and with the presence of underlying chronic
liver disease.3,4 The case fatality rate has beenmentioned to be
eral, Armed Forces Medical Services.
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Table 1 – Major HEV epidemics in India.

Location Year Number of
infected subjects

Delhi 1955 29,300
Aurangabad 1961 865
Siliguri 1966 4287
Ahmedabad 1975 2572
Kanpur 1990 79,091
Nellore 2008 23,915
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the highest in patients over the age of 50 years (1.8%) when
compared to younger adults (0.3%).3

Scenario in India

HAV is responsible for several outbreaks of sporadic viral
hepatitis in India. In a recent study by Rakesh et al. from
Kerala, HAV was identified as the aetiology for an outbreak of
AVHatMylopore village of Kollamdistrict. The authors noted a
high attack rate in subjects aged 15–24 years (4.6%) when
compared to subjects aged 5–14 years (3.1%). Pipe water
contamination from a borewell was identified as a source of
infection in this village.5 In an elegant study by Acharya et al.,
the seroprevalence of anti-HAV antibodies was assessed in
1424 school children aged between 4 and 18 years and 93.2% of
children were found to have anti-HAV antibodies in their sera.
The seroprevalence of anti-HAV was also assessed in 256
patients with underlying chronic liver disease and 97.6%
tested positive indicating the high seroprevalence of HAV in
India.6 In another study from Kottayam, HAV was deemed
responsible for an outbreak of AVH in the medical college area
and the authors emphasized on the need for a definite policy
for control of viral hepatitis.7 In a study from Lucknow, 267
patients with AVH were evaluated and HAV was identified as
the most common aetiology responsible in 26.96% patients
followed HEV in 17.97%.8

However, in the recent times there has been a sero-
epidemiological shift inHAV infection in India,with increasing
incidence of infection being noted in the adult and adolescent
population compared with children. Arankalle et al. in their
study on 928 children aged between 18 months and 10 years
attempted to estimate the age-related seroprevalence of HAV.
Of the 348 children who tested positive for anti-HAV, 50.3%
were in the age group of 6–10 years and 30.3% were in the 18
months to 6 years age group. It was also noted that the
seropositivity of HAVwas closely linked to the educational and
socioeconomic status of the parents. Subjects who used a
private toilet within the house were less often seropositive
(33.1%) when compared to subjects who used an open field for
excreta disposal (75%). This study clearly demonstrated the
higher seroprevalence of HAV in older children and estab-
lished a clear link between improved living standard and
decreased seropositivity of HAV.9

Prevention of HAV infection

Improving the sanitary conditions and provision of safe, clean
drinking water forms an imperative pillar in curtailing the
spread of the HAV. Simple methods like maintaining proper
hand hygiene is an effective method to curtail the virus.
Vaccination forms a cornerstone in preventing HAV and both
inactivated and live attenuated vaccines are available for use.
The inactivated vaccine is derived from theHM175/GBM strain
whereas the live attenuated vaccine is derived from the H2
strain of the virus.

Vaccination in India

Indian Academy of Pediatrics recommends two doses for any
of the licensed vaccineswhich have to be given 6months apart
to children aged 1 year or older. The dose recommended is 720
ELU for those aged <19 years and 1440 ELU for those above.
Protective titres of antibodies are seen in almost 100% after the
second dose of injection.2 Adverse reactions are minor and
usually include local pain and swelling.
HEV

HEV is positive-stranded RNA virus belonging to the family
hepeviridae. HEV has 4 genotypes of which genotypes 1 and 2
exclusively infect humans whereas genotypes 3 and 4 also
infect several other mammalian species. HEV is primarily
spreadvia the faecal–oral routeand isanenterically transmitted
pathogen like HAV. The incubation period of HEV infection is
estimated to be around 2–9 weeks and during an epidemic of
HEV, anicteric hepatitis is more common than icteric hepatitis
and clinical hepatitis is seeminglymore frequent in adults than
in children aged <15 years.10 In addition to the classical routes
described, HEV is also reported to spread by blood transfusion
and via allograft.11,12 HEV infection can also cause, albeit rarely,
a chronic hepatitis which occurs when HEV replication persists
for at least 6 months. Chronic HEV infection is classically
described with HEV genotype 3 and can lead to cirrhosis in
immunosuppressedpatients and in patients undergoing a solid
organ transplantation.13

Scenario in India

HEV is responsible for majority of the sporadic and epidemic
cases of AVH in India.14,15 Themajor epidemics caused by HEV
in India are highlighted in Table 1.10 During an HEV epidemic,
the secondary attack rate among the household contacts is
estimated to be about 0.7–2% when compared to 50–75% for
HAV.16 During an outbreak, it is observed that pregnant
women have a higher likelihood to get infected (12–20%) with
HEV andhave a higher propensity to develop acute liver failure
(ALF) (10–22%) when compared to non-pregnant females and
males (1–2%).10 However, once ALF develops, it is noted that
the pregnancy per se does not alter the mortality when
compared to non-pregnant females and males.17

In a study from Rajasthan, HEV infection among acute
sporadic hepatitis was studied. 736 patients suspected to have
viral hepatitis were evaluated and HEV was noted to be the
predominant pathogen responsible in 49.7% of patients.18

Khuroo et al. studied the spectrum of HEV infection in India
and noted that 92% (23/25) of patients with epidemic non-A,
non-B hepatitis had acute HEV infection. Cholestasis was



Table 2 – HEV-related ACLF – data from India.

Authors Place of
study

Year Number (%) of
cases of HEV

related ACLF out
of all ACLF

Duseja et al. Chandigarh 2010 4/102 (4%)
Garg et al. Delhi 2012 14/91 (15%)
Jagadisan et al. Lucknow 2012 23/36 (64%)
Jha et al. Jaipur 2013 5/52 (10%)
Shalimar et al. Delhi 2016 39/213 (18.3%)
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documented to be a predominant symptom in 25% and all
patients recovered from the disease.19 HEV is amajor aetiology
for AVH in paediatric population and is reported to be
responsible for over 70% of cases of acute hepatitis.20

HEV causes severe liver disease in individuals with
underlying chronic liver disease, an entity recently termed
as acute-on-chronic liver failure (ACLF). Several studies from
India have depicted the prevalence of HEV-related ACLF as
shown in Table 2.21 However, in a recent study by Shalimar
et al. from New Delhi, HEV-related ACLF has been shown to
have lower mortality when compared to ACLF due to other
aetiologies (12.8% vs. 33–54%).22

Prevention of HEV infection

Just like preventing HAV infection, improving the living
standards and providing better sanitary conditions help in
curtailing the spread of HEV in the community. Adequate
sewage disposal and maintaining adequate personal hygiene
are imperative to check the spread of the virus.

HEV vaccine

Different types ofHEVvaccines are being developed resulting in
recombinant protein vaccines, DNA vaccines or recombinant
HEV virus like particles (rHEV-VLPs). Studies have evaluated the
recombinant Hepatitis E virus open reading frame 2 (HEVORF2)
as the candidate vaccine and a study fromNepal including 2000
volunteers demonstrated an impressive vaccine efficacy rate of
95%. The dose of vaccine used was 20 mg given as a three-dose
schedule at 0, 1 and 6 months. The only significant adverse
effect was injection site pain.23 A recent study by Zhang et al.
evaluated the long-term efficacy of HEV vaccine in 56,302
participants. The vaccine was administered as a three-dose
schedule at 0, 1 and 6 months. The authors demonstrated a
vaccine efficacy of 86.8% and 87% of those participants who
received three doses of HEV vaccine maintained an adequate
titre of antibodies against HEV for 4.5 years.24
HBV

HBV is a small DNA virus belonging to the family Hepadnavir-
idae. HBV is transmitted via permucosal or percutaneous
exposure to infected body fluids or blood products and it
replicates via an RNA intermediate that can integrate itself
into the host genome. The spectrum of HBV infection
varies from acute to chronic depending on the duration of
persistence of HBV surface antigen (HBsAg) in the serum.
Majority of patients with acute infection would remain
asymptomatic and only 30% develop icteric hepatitis. The
incidence of developing fulminant hepatic failure remains low
(0.1–0.5%). When HBsAg persists in the serum for over 6
months, the patient has chronic HBV infection. The likelihood
to go on to chronicity varies with age, with the risk being ≥90%
in neonates and <5% in adults.25 Based on the prevalence of
HBsAg, various geographic areas in the world are classified as
having high (≥8%), intermediate (2–7%) and low (<2%)
endemicity.26

Scenario in India

India falls into the category of intermediate endemicity for HBV
and the common genotypes reported from India are A followed
by D.27 In a population-based study conducted by Chowdhury
et al., 7653 subjects were screened and 2.97% tested positive for
HBsAg, of whom majority (90%) were Hepatitis B e antigen
(HbeAg) negative and Hepatitis B e antibody (anti-HBe)-
positive.28 A study by Lodha et al. from New Delhi depicted
the prevalence of HBV infection in India to be 1–2%.29

A well designed meta-analysis by Batham et al. noted a
high prevalence of HBV infection in the tribal population of
India (15.9%) when compared to the non-tribal population
(2.4%).30 However, in order to overcome the fallacy of
publication bias which can distort the results drawn in
systematic reviews, the authors used population-weights
and estimated a prevalence of HBV infection to be 3.07% in
the non-tribal population when compared to 11.85% in the
tribal population.31 Few other studies have assessed the
prevalence of HBV infection in the tribal population of India
and have noted prevalence ranging from 4.4% in the Baiga
tribal population of Madhya Pradesh32 to 37.8% in the
Shompen tribe and 65% in the Jarawa tribe of Andaman and
Nicobar islands.33,34 Due to the bias of self-selection, screening
blood donors usually underestimates the real prevalence of
HBV in a community and most of the blood bank data from
India depict a prevalence of HBV infection of about 0.2–4%.35,36

The predominant mode of transmission of HBV in India is
horizontal,37 although a recent study by Dwivedi et al. has
shown 56.8% of pregnant women with HBV infection to be in
the high replicative phase and having HBeAg positivity,
suggesting vertical transmission to play a significant role in
India as well. The prevalence of HBsAg positivity in antenatal
women was noted to be 0.9% in this study.38

In order to reduce the complications associatedwith chronic
Hepatitis B (CHB) infection, it is imperative to suppress viral
replication before the development of cirrhosis and HCC.
However, treatment is not recommended for patients with
mild CHB infection in view of the low efficacy of existing
therapies. Interferon-based therapy and oral treatment with
drugs like entecavir and tenofovir disoproxil fumarate form the
major cornerstone of therapy presently; however, newer drugs
like besifovir and tenofovir alafenamideare expected to expand
thetherapeutic armamentariumagainstHBV innear future.39,40

Prevention of HBV infection

The preventive strategy of HBV infection should include
vigilant screening of blood and blood products and routine
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Fig. 2 – Prevalence of HCV infection across males and
females in India.46
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testing of tissue and organ donors. A lot of emphasis needs to
be laid on screening the high-risk group of patients which
include those who receive blood transfusions (patients with
thalassemia major), subjects actively involved in intravenous
drug use (IVDU), tattooing, acupuncture and health care
workers (HCWs). Harm reduction advice needs to be given
to subjects with IVDU and adequate education regarding the
usage of barrier contraceptives (e.g. condoms) and safe sexual
practices need to be provided.26 The preventive strategies to
control HBV and HCV infection are depicted in Fig. 1.

Vaccination in India

Vaccination forms an imperative pillar in the preventive
strategy framed for HBV infection and studies in the regions of
high endemicity have shown a steady decline in the incidence
of HBV infection among children to<2%with the institution of
effective vaccination protocol.41 Recombinant DNA-based
vaccines are primarily used in India at a dosing schedule of
0, 1 and 6months and is aimed to achieve a protective anti-HBs
titre of >10 mIU/ml. A recent study from India has critically
analyzed the immunologic benefits of HBV vaccination and
noted that effective vaccination does not reduce the carrier
rate of HBV and at 6 years of age, protective titres of anti-HBs
antibody (>10 mIU/ml) were present in only 59% of those
immunized which subsequently dropped to 13% at 11 years of
age.42 These are disappointing results for an efficacious
vaccine that results in the formation of a protective titre of
antibodies in 95% of vaccinated subjects, suggesting that there
is a urgent need to carefully scrutinize the HBV vaccination
program in India.
HCV

HCV is a single-stranded RNA virus belonging to the family
Flaviviridae. HCV causes both acute and chronic infection;
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Fig. 1 – Preventive strategies
however, unlikeHBV, HCVhas a higher propensity to lead onto
chronic viraemia and 25% of these patients can develop
chronic hepatitis.43 HCV has six major genotypes,1–6 with
genotype 1 being the most prevalent genotype globally (46%),
followed by genotype 3 in 22% and genotypes 2 and 4 in 13%
each.44

Scenario in India

The estimated prevalence of HCV infection in India is about 1–
1.9%45 although variations have been reported in literature
across various geographical regions in India. The HCV
prevalence in India across males and females has been
depicted in Fig. 2.46 In an elegant population-based study
done by Chowdhury et al. from West Bengal, 3579 individuals
were preselected from 10,737 inhabitants off whom 83.1%
agreed to participate in the study. The seroprevalence of HCV
antibody positivity was noted in 0.87%. The prevalence
showed an increasing trend from 0.31% in children aged
to control HBV and HCV.
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below 10 years to 1.85% in adults aged 60 years ormorewith no
difference in prevalence between males and females.47 In
another study carried out by Singh et al. on 22,666 trainees of
Indian Armed Forces, the seroprevalence of anti-HCV positivi-
ty was noted to be 0.44%. The possible explanation to this low
prevalence was exclusion of those whomay be at risk for HCV
infection from recruitment as military trainees.48

In a study from New Delhi, 28,956 healthy blood donors
were tested and the prevalence of anti-HCV was noted in
0.66%.49 The prevalence of HCV infection in high-risk group of
patients like those receiving blood transfusions (patients with
thalassemia major), subjects with IVDU, HCWs, subjects on
hemodialysis (HD) is expected to be higher than in general
population. In a study by Chakravarti et al. from New Delhi, 51
patients with anti-HCV positivity were enrolled and iatrogenic
procedures were found to be responsible for transmission of
HCV in 83.3% of patients with blood transfusion alone
responsible in 67%.50 Jasuja et al. in their study on 119 patients
receiving HD noted HCV infection in 27.7%. Longer duration of
HD and getting HD at more than one centre are deemed
important in acquiring HCV infection.51

Sood et al. in a study from Ludhiana in 2012 screened 5258
subjects and the seroprevalence of anti-HCV positivity was
noted in 5.2%, with highest prevalence being noted in the age
group of 41–60 years.52 However, a recent study by the same
group in 2016 has demonstrated a falling seroprevalence of
HCV to 3.29% (personal communication). In another study
from the state of Haryana, 150,000 residents of Fatehabad
district were screened and a prevalence of 1% was demon-
strated. Prevalence of anti-HCV seropositivity has been shown
to be higher in the tribal populations of India ranging from
2.02% in Lambada tribe in Andhra Pradesh to 14.4% in the
Bharia tribe in Madhya Pradesh.53,54

In published studies, genotype 3 is reported as the most
common genotype in India, accounting for 54–80% of
cases.55,56 Studies from northern, western and eastern parts
of the country have uniformly shown predominance of
genotype 3; however, in southern India, both genotypes 1
and 3 HCV are found to be prevalent.57

There has been a paradigm shift in the management of
chronic Hepatitis C in recent years with the availability of the
new direct acting antiviral agents (DAAs). Sofosbuvir was the
first DAA to make its way to the Indian market in March 2015
followed by Ledipasvir and Daclatasvir in December 2015.
Excellent response rates have been notedwith the use of these
drugs; however, real world data from the Indian subcontinent
are still awaited.

Prevention of HCV

Prevention of HCV infection shares a similar notion as
mentioned for preventing HBV infection. Active screening of
high-risk groups for HCV infection andmeticulous educational
training targetingnot only thegroupsat riskbutalso thegeneral
population and HCWs can help curtail the spread of HCV. With
the availability of newer DAAs, extremely effective treatment
regimens are now available to treat HCV infection in India.

In India, it was shown that prevention of HCVdecreased the
overall prevalence but it did not impact the short-term liver-
related mortality or development of HCC. Thus, a dual
approach of decreasing the incidence of new cases and
treatment of old cases would likely a play a vital role in
bringing down the burden of the disease.58 Presently, no HCV
vaccines are available for routine use; however, new vaccines
like recombinant protein, peptide and vector-based vaccines
have shown promise and have lately entered phase I/II clinical
trials.59

Global fightback against viral hepatitis!
UN Member States have made a commitment to combat
hepatitis under the goal 3.3 of the Sustainable Development
Goals. This depicts a global effort to fight hepatitis; however,
the only indicator for hepatitis that is being considered is ‘‘new
hepatitis B infections per 100,000 people in a given year’’. This
indictor would not completely address the situation and tackle
the burden associated with chronic Hepatitis C. WHO's Draft
Global Health Sector Strategy onViral Hepatitis gives themuch
needed roadmap and targets to combat hepatitis. It provides
realistic targets and action plans to eliminate hepatitis by
2030.1

Conclusion
Viral hepatitis imposes amajor healthcare burden in the India
subcontinent. Maintaining adequate sanitary and hygienic
conditions can help tackle the problem associated with
enterically transmitted pathogens like HAV and HEV. HBV
and HCV infection can cause chronic hepatitis, which can lead
to ensuing complications like development of cirrhosis of liver
and HCC. Following a multipronged approach of active
screening, adequate treatment, universal vaccination against
HBV and educational counselling can help decrease the
burden of liver diseases associated with HBV and HCV
infection in India.
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