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ABSTRACT

Introduction: In low-income countries, Hepatitis E infection is a common cause of acute hepatitis. So far,
only two recombinant vaccines (rHEV and HEV 239) have been developed against Hepatitis E virus (HEV).
Of which HEV 239 is licensed in China, but is not yet available in any other country.

Objective: This study aims to discuss epidemiology, diagnosis, available vaccines for HEV, and provides an
overview of 100 top-cited studies on HEV.

Methods: A bibliometric analysis was conducted on the topic “HEV” through a systematic search of the
Web of Science. The keywords used were “Hepatitis E” and retrieved articles were assessed for number of
attributes.

Results: The search returned a total of 3,235 publications, cited 95,858 times with h-index 129. The main
finding for the 100 top-cited articles on HEV showed: number of authors ranging from 1 to 23, cited references
range from 4 to 304, global citations score per year range from 6.61 to 175, and global citations score range from
148 to 791. Of the 100 top-cited studies, the authors who published most articles are Purcell (n = 18), Meng
(n=17), and Emerson (n = 15). Most The largest share of articles on HEV was contributed by United States of
America (n = 49) with 12,795 citations. The National Institute of Allergy andInfectious Diseases was leading
institute with greatest number of publications (n = 16), cited 3,950 times.

Conclusions: The studies conducted on HEV have increased over time. The information presented would
be very useful in decision making for policy makers providing health care, and for academicians in
providing a reference point for future research.
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Introduction HEV incubation period varies from 2 to 10 weeks (average 5
to 6 weeks). HEV symptomatic infection is most common
among people of agel5 to 40 years.”

Common symptoms of HEV include fever (mild), nausea,
vomiting, anorexia, abdominal and joint pain, skin rash, jaun-
dice, dark urine, pale stools, and hepatomegaly. Acute HEV
infection can get severe in rare cases and results in fulminant
hepatitis (acute liver failure). The fulminant hepatitis is more
frequently reported during pregnancy.”These diseases can
spread from one person to another by direct or indirect con-
tact. Zoonotic diseases have also been reported in humans,
which transmit from animals to humans."’

In general, the HEV Infection transfers through fecal-oral
route (usually through drinking contaminated water and by
ingestion of poorly cooked food). HEV infection can be trans-
mitted through other sources such as blood transfusion, zoo-
notic transmission, and from mother to child. However, person
to person transmission of HEV infection is not that
common.''™"?

Up until now, seven closely related genotypes of HEV
(HEV-1-7) have been documented.'* Large scale waterborne
epidemics in developing countries are linked to HEV-1 and
HEV-2. On the other hand, genotypes HEV-3 and HEV-4 are

Many pathogenic microorganisms such as bacteria, fungi,
parasites, and viruses can cause different infections and dis-
eases in humans and animals. Every year due to contagious and
non-contagious diseases millions of people die around the
globe." Hepatitis E virus (HEV) has become a global public
health problem causing acute hepatitis. In the past HEV has
not been studied as per its risk,”* however, in recent years the
number of studies on HEV have been conducted to understand
the natural history, transmission, and animal reservoirs of
HEV infection.*”®The burden of infection is high in low-
income countries. In recent years, increasing number of HEV
cases have been reported in industrialized countries as well. In
large-scale outbreaks of HEV, high morbidity and mortality
have been reported, particularly in pregnant women.”

Hepatitis is disease of liver which is caused by several
different viruses including Hepatitis A virus (HAV),
Hepatitis B virus (HBV), Hepatitis C virus (HCV),
Hepatitis D virus (HDV), and HEV. Hepatitis A, B, C,
and E are responsible for majority of infections and health-
related complication, if not treated on time, they can lead
to death.®
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associated with sporadic cases occurring in developed
countries.” The possible courses of HEV infections are pre-
sented in Figure 1.

The zoonotic isolates (HEV-3 and HEV-4) as it transfers
from animals to humans via the consumption of uncooked
and contaminated meat.* Recent studies documented that
genotype HEV-3 is associated with liver cirrhosis and
chronic hepatitis.'® Furthermore, the number of HEV cases
among immune-compromised patients is of serious concern
worldwide.”

Transmission

In general, the HEV infection transmits by fecal-oral route,
usually through drinking contaminated water and ingesting
food such as undercooked meat). HEV infection can transmit
through other sources such as blood transfusion, zoonotic
transmission, and from mother to child. However, person to
person transmission of HEV infection is rare.''”'>!"Zoonotic
transmission of HEV, genotype 3 and 4results from sporadic
and cluster cases in humans. Many outbreaks of HEV infection
due to fecal contamination of drinking water are reported in
some countries in Africa and Asia.'®

In China, the pork industry is the largest contributor;
therefore, the human population engaged in pig-farming
risks exposure, as well as those who consume the animals
as food. Personal hygiene combined with pork consumption
influences health. Waste water contaminated with HEV can
be a possible route of environmental contamination through

pig slurry.

Replication

HEV is an important human pathogen that historically has
been difficult to study. Our understanding of the viral life
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cycle is limited." Previously published literature reported that
the life cycle of HEV is largely unknown due to the lack of
a robust cell-culture for Hepatitis virus. 2022 Recently, the
replicon and in vitro infection system became available, a lot
of work has been generated on HEV positive-strand RNA
viruses and sub-genomic expression of viral open reading
frames.>”

For translation and cleavage process the virus uses common
cellular mechanism. The successful propagation of the HEV in
cell culture has been limited. In other viruses, the ORF 1
contains particular motifs with unknown functions. The virus
uses viral RNA polymerase for the synthesis of genomic and
messenger RNA through a negative-strand RNA intermediate.
The sub-genomic RNA transcripts (2.0 and 3.7 kb) have been
reported but the significance is not known.*

Lack of standardized detection methods, sporadic and low-
level virus shedding, and subclinical infections made the devel-
opment of animal models difficult for HEV infection.
Continued animal models development of HEV will be instru-
mental in understanding the many complex questions asso-
ciated with HEV infection."”

Vulnerable groups

HEV can cause infection at any stage of life. But during the
HEV outbreaks, adolescents and adults between ages of 15 and
40 years are at a particularly high risk for infection. However,
in young children the HEV infection is less likely to cause
disease. HEV infection appears to be more common in men
than women.**Beside this, among pregnant women the HEV
infection is associated with an increased likelihood of sympto-
matic disease, fulminant hepatic failure and death, as com-
pared to non-pregnant women and men. In pregnant women,
the mortality rate is as high as 15 to 20%.>’People with pre-
existing chronic liver disease are also at high risk of serious
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Figure 1. Possible courses of HEV infection.®



illness, which may lead to life threatening conditions.***” The
marginalized communities living in, internally displaced peo-
ple (IDP) refugees’ camps, migrants, urban slums, cross-border
populations and ethnic minorities are hard to reach and there-
fore at increased risk of HEV and other infectious
diseases.”®A total of 1,117 HEV suspected cases were reported
during April 2014 to January 2015 among the refugees residing
in the Gambella region. Of the total cases the mortality rate was
21 (1.9%).*°

HEYV history

In 1980, HEV was first time isolated during a waterborne out-
break in India. Through the application and uses of antibody’s
assays for the detection of Hepatitis A virus (HAV) and Hepatitis
B virus (HBV) subsequent outbreaks across Asia, the Middle
East and North Africa were recognized.’**'Initially HEV was
designated as enterically transmitted non-A, non-B hepatitis
(ET-NANBH) due to similar clinical presentations to hepatitis
A and B.**

Few years later, in 1983, from HEV affected patients a scientist
had experimentally ingested a fecal suspension showed the symp-
toms of disease after 30-35 days. Study of his fecal inoculations
during his infection period reported HEV through immune
electron microscopy. This discovery and identification of virus
brought a new revolution in the field of virology.*

Early studies implied that RNA virus was the potential agent
to cause ET-NANBH. Analysis of a cDNA library was per-
formed for infectious bile sample, which resulted in a highly
conserved RNA-dependent RNA-polymerase (RdRp) motif
potion usually found in RNA viruses.”

As a result in 1991, the scientists cloned and sequenced the
HEV successfully, and found that the HEV genome contains
three opening reading frames (ORF1, ORF2, and ORF3) with
a size of 7.2kb. The ORF1 codes for transcription of non-
structural proteins, ORF2 codes for capsid protein, and ORF3
responsible for protein of unknown origin.*>** The exact func-
tion of ORF3 still remains unclear. However, numerous func-
tions and roles have been proposed.”>**

In the year 2009, the HEV structure was studied through
X-ray crystallography.® Later on a number of studies have
been conducted on the molecular biology and genetics of
HEV. It was found the virus shares some genetic similarities
with rubella virus, and some physical similarities with calici-
viruses. Based on those similarities, the virus was assigned to its
own genus “Hepevirus” and family “Hepeviridae”.'*

Global statistics of HEV

HEV cases are reported from both developed and developing
countries, but the HEV is more common in East and South
Asia. Global statistics of HEV infection shows that, every year
an estimated 20 million cases are reported. Of the reported
cases approximately 3.3 million lead to symptomatic cases of
hepatitis E. In 2015, HEV caused approximately 44,000 deaths,
accounting for 3.3% deaths due to viral hepatitis. Of the total
reported cases great majority were from developing
countries.’In contrast to large scale outbreaks in the develop-
ing countries, the cases in developed countries are associated
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with zoonotic transmission.'® In Africa and Asia, the estimated
prevalence of HEV ranges from 15 to 25%.°

Prevalence of HEV in developed countries

In past, among developed regions there was a perception that
HEV is a rare disease and is caused by visiting epidemic
centers.”” In Europe and other developed countries, the auto-
chthonous hepatitis E was caused by genotype 3.>® Recently,
increases in HEV cases have been observed in developed/
industrialized countries. The seroprevalence of HEV in devel-
oped countries ranges from <5 to >50%. The variation in
seroprevalence may be attributed to the different ethnic
groups, geographical location, and the type of serological
assays used.

Another study reported the estimated seroprevalence of
HEV in Europe ranges from0.6 to 52.5%, which increases
with age. Depending on assays method the seroprevalence
varied among the general population; Wantai (WT): 17%,
Mikrogen (MG): 10%, MP-diagnostics (MP): 7%, DiaPro: 4%,
Abbott 2%. Communities living in close contact with wild
animals and swine had significantly higher seroprevalence
than the general population(p < .0001).*The prevalence of
anti-HEV antibodies among blood donors in European coun-
tries range from 1.3% in Italy (Scotto et al., 2014) to 52% in
France (Mansuy et al., 2011).*>*!

HEV infection in kidney transplant patients

HEV infection for organ recipients can lead to chronic hepatitis
and complications. Some previous studies showed an unexpect-
edly high prevalence of anti-HEV antibodies in hemodialysis
patients.”*’In hemodialysis patients, the high prevalence of
HEV could be related to their impaired immunity.**"**A study
conducted in Italy showed, the HEV prevalence was 6% in
dialysis patients, 3.3% in transplant recipient, while in general
population the prevalence was 2.7%.*

HEYV infection in pregnancy

HEV infection is more lethal in pregnant women compared to
general population. The HEV may result in severe conse-
quences during pregnancy for both mother and fetus such as
fulminant hepatic failure, vertical transmission, and maternal
mortality.’>" A systematic review was conducted on 23 obser-
vational studies with a sample size of 1338. The median mater-
nal rate was 26% (IQR 17-41%), fetal 33% (IQR 19-37%) and
neonatal case-fatality rate was 8% (IQR 3-20%). The overall
median prevalence of fulminant hepatic failure was found to be
45.3%. The findings suggested high case-fatality rate among
pregnant women and adverse outcomes on their children.>
A recent study conducted on a rabbit model to study the
adverse pregnancy outcomes and their prevention by Hepatitis
E vaccine. The results demonstrated that different HEV geno-
types infected pregnant rabbits and resulted in adverse preg-
nancy outcomes and as well as vertical transmission. The HEV
vaccine 239, is very effective to protect the pregnant women
from HEV infection and their adverse pregnancy outcomes.”'



860 (&) T.AHMAD ETAL.

A research was conducted by Li et al.>> among 946 pregnant
women in China. The overall positivity rate for anti-HEV IgG
antibody was (74/365, 20.27%), anti-HEV IgM antibody was
(15/365, 4.11%), and both anti-HEV IgM and IgG antibodies
were (12/365, 3.29%). The infections were significantly higher
(p <.05) in third trimester than in the first and second. The
average level of alanine transaminase (ALT) was (34.49 +
10.15), and both anti-HEV IgM and IgG positive group had
the incidence of adverse pregnancy outcomes (13/18, 72.22%)
that were significantly higher than other groups (p <.05). Only
one sample had the HEV RNA which belonged to sub-
genotype 4a.

A recent study shows that, of the total 7160 pregnant
women, 1182 were positive to anti-HEV IgG antibody and
only 66 were positive to anti-HEV IgM antibody. The overall
pooled prevalence among pregnant women was 16.51% (95%
CI: 0.10-0.23).7

Number of studies reported HEV outbreaks in pregnant
women in different countries as shown in Table 1. Highest
number of outbreaks occurred in India in 1987, 1988, and in
1991. The recent outbreaks of HEV in pregnant women were
reported in Sudan during 2010-2011.

HEV and HAYV co-infection

The™* co-infection of both Hepatitis A virus (HAV) and HEV
lead to serious complications resulting in acute viral hepatitis.*®
The epidemics of HAV are not very common and affect infants
and young children in developing countries.”” While the HEV
affects the older children and young adults in the tropical
regions. However, the epidemics of HEV are common.%®7°

A cross-sectional study was conducted among 1230 indivi-
duals. The serum samples were processed for the presence of
HAV and HEV antibodies. The result shows that the preva-
lence of HAV and HEV were 15.5, and 27.2%, respectively. The
co-infection of HAV-HEV was 5.1%. Furthermore, the preva-
lence of HEV is higher than that of HAV. The screening of
HEV especially in pregnant women and improved levels of
personal hygiene among lower socio-economic communities
is of great importance.®®

Table 1. HEV outbreaks (serologically confirmed) in pregnant women in different
countries.

No. Country Year Total cases Deaths References
1 Nepal 1987 73 18 54
2 India 1987 19 3 55
3 India 1988 30 2 56
4 Somalia 1988-1989 346 48 57
5  Indonesia 1991 19 5 58
6 Kenya 1991 28 4 59
7 India 1991 48 12 24
8 Djibouti 1991-1993 3 1 60
9  Pakistan 1993-1994 35 4 61
10  Central African Republic 2002 7 1 62
11 Sudan 2004 61 19 63
12 Uganda 2007-2009 189 13 64
13 Bangladesh 2008-2009 21 4 65
14 Bangladesh 2010 12 3 66
15 Sudan 2010-2011 39 n 67

Laboratory diagnosis of HEV

Recently, number of HEV cases linked to blood transfusion
have increased and are considered as transfusion-transmitted
virus. To confirm a diagnosis of HEV infection, clinical man-
ifestations and biochemical tests not only diagnose HEV infec-
tions, but are helpful in identifying the onset and stage of
infections. Therefore, to diagnose HEV infection properly, it
requires optimally a combination of both molecular and ser-
ological techniques, and to monitor the treatment response in
chronically HEV-infected individuals. There are several sero-
logical and molecular detection methods for HEV infection.
However, the detection of HEV laboratory diagnostic techni-
ques varies in their specificity and sensitivity. The antigen, viral
nucleic acid, and viral protein can be detected by direct tech-
niques, while the HEV specific antibodies (IgM and IgG) can
help establish a diagnosis in acute and chronic infections.”!
Diagnostic methods of HEV are presented in Figure 2.

Treatment of HEV

The acute HEV infection in immunocompetent individuals
does not usually require antiviral therapy. However, some
patients might require symptomatic treatment, but almost all
patients are able to clear the disease spontaneously.”*A 61-year
-old patient infected with HEV genotypes 3, who developed
impaired liver function and severe acute hepatitis E, with no
sign of liver encephalopathy was treated with ribavirin therapy.
The result showed that after therapy alanine aminotransferase
level (ALT) had normalized, and the level of bilirubinemia was
138 umol/L. Furthermore, the HEV RNA was almost undetect-
able in the serum from same patient.”” Treatment recommen-
dation of HEV is presented in Figure 3.

Vaccines

The mortality rate of HEV (3.3%) demands a globally available
vaccine. Usually, pregnant women with HEV-1 infection have
shown worse effect and have been considered to be the main
target group to receive vaccination.”>’® Public health surveil-
lance of overall population is also extremely important to over-
come on outbreaks with improving sanitation and hygiene in
endemic and non-endemic countries.”””®

It has been found that to develop live attenuated or inacti-
vated vaccine by in vitro cell culture replication is not feasible.””
Symptomatic relief by passive immunoprophylaxis has been
achieved but not succeeded to prevent the infection. So, the
focus was shifted on development of recombinant vaccine.*

So far, two recombinant vaccines against HEV infection
have been developed by Glaxo SmithKline, Belgium,®' and
Xiamen Innovax Biotech, China.*?

The only licensed HEV vaccine is HEV 239 vaccine (Hecolin,
Xiamen Innovax Biotech, China), which was approved and
registered in China in 2011 but has not yet been approved in
any other country. Further clinical trials of this vaccines are
ongoing in Bangladesh.**** HEV is antigenically conserved in
that it presents only one known serotype that is protective for all
four HEV genotypes. Thus, a group-common vaccine approach
is possible.*>%
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Prevention

There is a dire need of “One Health” initiative to forge co-equal,
all inclusive research collaboration and disease prevention mea-
surements between physicians, veterinarians, environmentally
related disciplines, and other scientific-health domains. For
HEYV, there is no globally approved and commercially available
vaccine. Good hygiene practices, improved sanitation measures,
clean drinking water, and avoidance of high-risk situations is the
best ways to prevent the HEV infection. While traveling to
endemic areas, special care and prevention must be observed,
including boiling water or drinking bottled water, and avoiding

v

Immunocompromised
patients with HEV
viremia <6 months

Chronic infection
(Immunocompetent
patients with acute

infection and
immunocompromised
patients with HEV
viremia >6 months)

v

Ribavirin

Ribavirin and
Pegylated-interferon

monotherapy

raw or steamed shellfish such as, oysters that live in contami-
nated waters. Pregnant women are at high risk of infection
especially those living or traveling to the endemic areas must
take special care according to the standard traveling guideline to
the endemic regions. The prevention strategies of HEV are
presented in Figure 4.

Objective

This study aimed to discuss the epidemiology, diagnosis, avail-
able vaccines, and provides an overview of thel00 most cited
studies on HEV. This study may help and provide the base line
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Figure 4. Prevention and control strategies of HEV.”*

information on the distribution of studies on HEV, and to help
the researchers and policy makers to understand the character-
istics of research output and provide reference for future studies.

Methodology
Study design

A bibliometric method analysis was conducted.

Data sources

An electronic search was conducted on Web of Science, Clarivate
Analytics for time span from inception of Web of Science till
December, 2016 on the topic “HEV”, and articles were retrieved
on January 01, 2020. For articles searching, following keywords
were used such as “Hepatitis E” “Title” field. The records
obtained were refined by document types (articles, reviews, edi-
torials, meeting abstracts and others) from Web of Science Core
Collection (ISI-Thomson Reuters Web of Knowledge, hosted by
Clarivate Analytics). To identify the 100 most cited papers on
HEYV, all the articles were ranked by the number of citations.

Eligibility criteria

Studies conducted mainly on HEV and articles, reviews,
editorials or research letters were included in the analysis.
Studies identified the word “Hepatitis E” but did not deal

with Hepatitis E were excluded. Furthermore, abstracts,
correspondence, and errata/corrigenda were excluded.

Data extraction

On the same day of search, data were obtained by two inde-
pendent investigators (Tauseef Ahmad and Taha H. Musa) to
avoid any bias in data collection. The discrepancies were dis-
cussed and resolved after discussion with a third investigator.
The retrieved data information was assessed for a number of
attributes including title of article, author names, times cited,
cites per document, most frequently cited articles, year of
publication, type of paper, countries/region, institutes/organi-
zations, and name of journal.

Data analysis

The descriptive statistical analysis was carried out in Microsoft
Excel 2016 such as year of publication, authors, type of pub-
lication, number of citations, countries/regions, institutes/
organizations, and journal names.

Ethics

No ethical approval was required for this study as this was an
analysis of already published studies. None of the author of the
included studies was contacted for further information regard-
ing their publications.



Results
Characteristics of the total studies

A total of 3,235 publications were extracted from Web of
Science (from inception to December, 2016) with a total of
95,858 citations. The average citations per publication were
29.63 times. The overall, h-index was 129.

Characteristics of 100 top-cited studies

Based on cited frequency the articles are listed in descending
order. The top 100 highest cited articles were further processed
for citations analysis. The major findings were; total number of
authors were 470, range from 1 to 23, countries (n = 27),
institutions (n = 220), journals (n = 33), local references
(n = 92), global references (n = 1610), all cited references
(n = 1702), cited reference range from 4 to 304, global citation
score per year range from 6.61 to 175, and global citation score
range from 148 to 791.

Citations analysis

The 100 top-cited studies on HEV are presented in Table 2.
Overall, the included 100 top-cited studies have been cited
24,901 times (range from 148 to 791 times). Of the included
studies, only 6 studies were cited more than 500 times, 45 studies
were cited between 200 and 500 times, and a great number of
studies (n = 49) were cited below 200 times. The first top-cited
study was “A novel virus in swine is closely related to the human
hepatitis E virus” authored by Meng et al. (1997), published in
the “Proceedings of The National Academy of Sciences of The
United States of America”. The study was cited 791 times with
32.96 average citations per year. This study opened a new avenue
of research focusing xenozoonosis and xenotransplantation. This
study formed the basis of further highly cited articles not only by
Meng and his study group but also for others working on various
aspects of pig organs transplantations in humans. It also pro-
vided a reference point for further studies on alternative animal
model for HEV studies. The second top-cited was “Hepatitis-E
Virus (HEV) - Molecular-Cloning and Sequencing of The Full-
Length Viral Genome” published in the journal “Virology” by
Tam et al. (1991), with 753 citations and 25.1 average citations
per year. The findings on the genetic organization and expres-
sion strategy of HEV suggested in the article form the basis of
a new era of studies on molecular cloning and protein assays.
The third top-cited study published by Kamar et al. (2008), in
the “New England Journal of Medicine” entitled “Hepatitis
E virus and chronic hepatitis in organ-transplant recipients.
The study was cited 718 times with an average per year citations
55.23. After the discovery of HEV in early 80 s most of the
research for the next two decades was focused on phylogenetic
analyzes and molecular diagnostics of HEV. The focus of
research was shifted more toward treatment and vaccine devel-
opment mostly in the last decade. The 10 top-cited studies on
HEV vaccine is presented in Table 3. The most cited study was
“Efficacy and safety of a recombinant hepatitis E vaccine in
healthy adults: a large-scale, randomised, double-blind placebo-
controlled, phase 3 trial” cited 372 times.
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Distribution of authors

Among the 100 top-cited studies, the authors who published
most studies were Purcell (n = 18) with 4923 times, Meng
(n = 17) with 4714 citations, and Emerson (n = 15) with 4286
citations as shown in Table 4.

Distribution of institutions

Of the total included studies majority of the studies were
published from The National Institute of Allergy and
Infectious Diseases [NIAID, (n = 16)], cited 3950 times, fol-
lowed by Virginia Polytechnic Institute and State University
(n = 13) with 3124 citations as presented in Table 5.

Distribution of countries

Most of studies were published from United States of America
[USA, (n = 49)] with 12795 citations, followed by United
Kingdom [UK, (n = 18)] with 4344 citations, and France
(n = 15) received 4247 citations as described in Table 6. In
spite of the fact that the global burden of HEV is more in East
and South Asia, and in Africa, the research output from these
countries is not much. This may raise concerns for the health
organizations to support and fund HEV research in disease
burdened countries for developing effective control and pre-
vention strategies.

Distribution of journals

Table 7 showsthe journal with 5 or more than 5 published
studies among 100 top-cited articles. The “Journal of General
Virology” was the leading journal with 12 publications with
2,573 citations.

Distribution of keywords

Table 8 showed the hotspots keywords; the hotspots keywords
included Hepatitis (n = 100), and Virus (n = 75).

Distribution of document types

Number of articles were found to be 73 (with 18254 citations),
and review were 16 (4271 citations) as shown in Table 9.

Distribution of published years

The highest number of studies published in 2007 (n = 10) with
1949 citations, and in 2008 (n = 09) cited 2761 times as shown in
Table 10.

Discussion

In the last two decades, greater number of studies has been
published on the HEV antibodies prevalence in different
human populations. However, in recent years, the HEV cases
have increased up to 70% in some industrialized countries. The
heterogeneity of HEV prevalence may be attributed to different
factors such as assays methods, and geographical regions.*
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Table 4. Authors with at least five studies as first author or coauthor. Table 7. Leading journals in the field in Hepatitis E research.
No. Author Records Total Local Citations  Total Global Citations Total Total
1 Purcell RH 18 271 4923 ) Local  Global
2 Meng XJ 17 228 4714 Ranking Journal Records Citations Citations
3 Emerson SU 15 243 4286 1 Journal of General Virology 12 171 2573
4 Izopet J 1 68 3231 2 Emerging Infectious Diseases 7 32 1452
5 Dalton HR 10 65 2835 3 Journal of Clinical Microbiology 7 1m 1570
6 ljaz S 9 71 2422 4 Lancet 7 70 2372
7 Kamar N 8 43 2706 5 Journal of Infectious Diseases 6 74 1377
8 Mushahwar IK 8 155 1845 6 New England Journal of Medicine 6 62 2071
9 Halbur PG 7 141 2298 7 Gastroenterology 5 18 1032
10  REYES GR 7 151 2159 8 Journal of Medical Virology 5 60 1005
11 Okamoto H 6 59 1333 9 Journal of Virology 5 69 1150
12 Abravanel F 5 43 1587 10 Proceedings of The National 5 104 1663
13 Jameel S 5 32 864 Academy of Sciences of The
14 Mansuy JM 5 52 1499 United States of America
15 Mishiro S 5 78 1467
16 Peron JM 5 58 1424
17 Rostaing L 5 38 1623
18 Takahashi K 5 78 1467 Table 8. Top ten hotspots keywords.
19 Toth TE 5 69 1189 Ranki Word  Records Total Local Citations Total Global Citati
20 Tsarev SA 5 83 969 anking or ecords Total Local Citations Total Global Citations
21 Tsareva TS 5 109 1530 1 Hepatitis 100 1078 24901
2 Virus 75 880 19029
3 Infection 19 160 4450
4 Swine 10 183 2881
Table 5. Institutes with at least five studies. 5 Liver 9 84 2124
Total Local Total Global 6 Acute 8 103 1778
Ranking Institution Records  Citations Citations 7 Chronic 8 58 2229
1 NIAID 16 215 3950 8 Novel 8 153 2281
b 9 Patients 8 82 1729
2 Virginia Polytech Inst & 13 113 3124 10 Transmission 8 92 2316
State Univ
3 CHU Purpan 7 41 2457
4 Ctr Dis Control & Prevent 7 38 1425
5 Royal Cornwall Hosp 7 46 1906 o
Trust Table 9. Distribution of document types.
6 Univ Toulouse 3 7 24 1988 Total Local Total Global
7 Abbott Labs 6 137 1466 Ranking ~ Document Type  Records Citations Citations
8 CHU Rangueil 6 41 2233 N
9 GENELABS INC 6 126 1894 ! Article 73 848 18254
10 Hith Protect Agcy 6 56 1864 2 Review 16 8 4271
1 lowa State Univ 6 95 1507 3 Artr',‘;'s;fmceed'”gs 4 > 847
g L%SLh'ba Gen Hosp g 3(3) 12;; 4 Letter 4 47 944
5 Note 3 36 585
Table 6. Countries with at least five studies.
Total Local Total Global Table 10. Publication frequency per year.
Ranking Country Records Citations Citations Publication Total Local Total Global
1 USA 49 669 12795 Ranking Year Records Citation Citations
2 UK 18 123 4344 1 1991 2 56 935
3 France 15 93 4247 2 1992 6 103 1392
4 Japan 13 158 3330 3 1993 3 29 529
5 India 12 68 2063 4 1994 1 6 152
6 Peoples R China 6 67 2023 5 1995 2 28 418
7 Germany 5 13 1019 6 1997 4 90 1363
7 1998 4 96 1029
8 1999 5 80 906
. . . . P 9 2000 2 18 313
Recently, various fields tried to identify the “citation clas- 7, 2001 6 67 1235
sics” in that field, where the top 100 cited articles in that field 11 2002 3 47 775
identified.’” The present study represents the analysis of cita- 12 2003 6 97 2035
. lassi in the field of h titis E di idel 13 2004 5 55 947
tion classics in the field of hepatitis E, a disease widely pre- 14 2005 1 1 316
valent in both, developed and developing countries. A large 15 2006 3 33 1151
number of studies (research articles, systematic review/meta- 1? ggg; 18 ;g ;32?
analysis) on diagnosis, treatment, control and prevention of g 2009 5 32 1045
HEV have been conducted by researchers across the globe. 19 2010 6 38 1666
However, despite the importance of bibliometric studies as 20 20m 7 25 1457
. . . 21 2012 5 7 1418
a way of exploring research quantum, directions and collabora- 5, 2014 3 1 763
tions between researchers and medical practitioners, very few 23 2016 2 1 346
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studies have been performed focused on bibliometric analysis
on HEV; to the best of our knowledge no bibliometric analysis
was performed on the 100 top cited studies on HEV research.
Therefore, this study was conducted to determine the citation
analysis and their principal characteristics in details. A steady
increase in HEV publications was observed over the last few
years, owing to increase in the global burden of this disease. An
estimated 20 million HEV infections are reported worldwide
by WHO, resulting in a large number of deaths.’Therefore,
understanding the characteristics of published studies on HEV
may be worthwhile for several reasons. Our findings showed
that 100 top-cited studies were cited 24901 times, reflecting
their impact and importance. There were 6 studies that were
cited more than 500 times in the literature.

Previous studies done to analyze hepatitis literature
found a steady increase in publications on hepatitis in gen-
eral, and on hepatitis E specifically in the last few
decades.*®*”Wani et al.*® performed a bibliometric analysis
on all articles on hepatitis E using Web of Science, and the
authors advised for further projects on hepatitis E. USA, UK,
and Germany are the top countries publishing on Hepatitis
in general.89 Wani et al.®® found that USA, India, and China
are the top three countries publishing on HEV in general.
Our study found that USA, UK, and France are the countries
publishing most from HEV top-cited articles. This trend of
publishing is not in consonance with the global geographical
distribution of disease as it is more common in low- and
middle-income countries where the disease occurs both as
outbreaks and as sporadic cases. This study accentuates the
need to establish research collaborations between research-
ers of developed countries and researchers in resource lim-
ited countries. The researchers, especially from resource
limited countries need to be encouraged by providing tech-
nical and financial assistance to focus more on HEV research
to prevent and control the disease outbreaks.

Quality and coverage of journals play an important role in
dissemination of research to all stakeholders. The top jour-
nal publishing top articles on hepatitis E was “Journal of
General Virology” as found in our study, “Journal of
Medical Virology” was the journal with the highest number
of publications on Hepatitis E.° Both of these journals do not
levy any publication charges although most of the journals
charge quite heavy fee for publication/article processing.
This highlights the need that the other quality journals
may make waiver policies to attract quality publications
from developing countries. Quality research may be carried
out in low/middle income countries on local levels but it
never gets published in international journals for lack of
funds and is not disseminated to a wider audience. This
study will not only provide a referral point for potential
researches but will also help in planning and policy-
making regarding prevention and control of HEV.

Study limitations

This study has several limitations. In our study we only
extracted data from the articles indexed in Web of Science
Core Collection database, and on the other hand articles in
other databases such as Scopus and PubMed have missed

which may affect final findings. Furthermore, quality of the top-
cited articles was not assessed which may influence the inter-
pretation of the findings. In addition, the data generated in this
article was through electronic search rather than selecting and
collecting manually, therefore the findings of our study may
subject to bias. The manual selection of studies and extraction of
data is required for systematic reviews/meta-analysis.

Translational value

The results presented in this article may be very useful for
researchers and scientists to focus their research objectives in
more appropriate domain in the field of HEV, and most
importantly it can provide direction to guide health care deci-
sion making policies. Furthermore, it will help the academi-
cians and teachers to provide the quality bibliographic
references for learning and teaching purpose.

Highlights

® This study provides an overview on the epidemiology, diagnosis, avail-
able vaccines, and 100 top-cited studies on HEV.

® HEV is considered as the leading cause of enterically transmitted viral
hepatitis infection in both developing and developed countries.

® So far, only two recombinant vaccines (rHEV, Belgium and HEV 239,
China) have been developed against HEV but they are not available for
commercial use yet.

® Most of the studies on HEV are published from developed countries.

® This study emphasizes the need of establishing research collaborations
between researchers of developed countries and low-income countries.

® The researchers, especially from resource limited countries, need to be
encouraged by providing technical and financial assistance to focus
more on HEV research to prevent and control the disease outbreaks.
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