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Background: Hepatitis E virus (HEV) is well-known to be transmitted by the fecal-oral route. In addition, several studies in Europe
and Asia had reported potential HEV transmission associated with blood transfusion, but this route is still uncertain.
Objectives: The aim of this study was to estimate the anti-HEV IgG seroprevalence among blood donors around the world using the
Bayesian-based methods.
Methods: A systematic review was performed using the PubMed/Medline, Scopus, Web of Science and Cochrane Library databases
using the terms “prevalence”, “hepatitis E” and “blood donors”. Studies with a timeframe from inception to March 2016, in Roman
characters, that had outcomes of interest such as prevalence of IgG antibodies were included. The estimation of anti-HEV IgG (presented as the event rate and 95% confidence intervals, CI) was performed using a Bayesian-based random effect model using the
Comprehensive Meta-Analysis software, version 2. Pairwise meta-analyses and chi-square tests were used to assess significant differences between different sexes and ages.
Results and Conclusions: Of the retrieved studies, 71 met the inclusion criteria, comprising a total of 113 316 blood donors. The
prevalence rate was statistically significant in males and over 40 years old donors (P < 0.05). The overall estimation of the antiHEV IgG prevalence was 0.058 (CI 95%: 0.049 - 0.068). Subgrouping by region, the estimates were higher for Asia and the Middle
East, respectively: 0.113 (CI 95%: 0.040 - 0.278) and 0.112 (CI 95%: 0.081 - 0.152). Europe, Africa, Oceania and America had an estimated
prevalence between 0.014and 0.088. A relevant prevalence of anti-HEV IgG among blood donors was found worldwide, especially in
Asia and the Middle East and in males and donors over 40 years. This review reinforces the view that HEV parenteral route infection
needs to be further investigated and possibly screened for in transfused blood.

Keywords: Hepatitis E, Systematic Review, Blood Donors

1. Background
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Hepatitis E virus (HEV) is responsible for an emergent
health problem worldwide and it is estimated that it can
cause 20 million infections and more than 50000 hepatitis E related deaths per year. Hepatitis E virus is a small RNA
virus that belongs to genus Hepevirus of the family Hepeviridae (1, 2). For many years, hepatitis E was recognized
as an infection of tropical countries, especially developing and undeveloped countries, caused by contaminated
drinking water and food. In developed countries, HEV infection was thought to be travel associated, but many studies reported autochthonous cases (3-5).
Hepatitis E virus is well-known to be transmitted via
the fecal-oral route. The association of blood and HEV
transmission is controversial; so, this route is still uncertain (6, 7). Previous studies have shown transmission
through parenteral routes (8-11). Additionally, transfusion-

transmitted HEV infections have been presented in case
study reports (12-14).
After HEV exposure, clinical signs and symptoms appear in two to nine weeks, which include myalgia, arthralgia, anorexia, hepatomegaly, fever, weakness, vomiting
and jaundice. Hepatitis E virus can result in acute liver failure in rare and severe cases. Chronic cases are also uncommon, but may occur specially in immunosuppressed patients (15, 16). There are many laboratory tests for HEV infection diagnosis, which can be classified into direct (detection of HEV or viral protein by the polymerase chain reaction or enzyme immunoassay) and indirect methods (detection of anti-HEV antibodies) (17, 18).
The presence of IgM anti-HEV antibodies is associated
with recent HEV infection. In addition, the detection of
anti-HEV IgG antibodies provides the evidence of recent or
remote exposure to HEV. In this way, both antibodies are
important for the HEV infection diagnosis and can be asso-
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2. Methods
2.1. Systematic Review and Eligibility Criteria
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The prevalence rate of HEV antibodies among blood
donors and 95% confidence intervals (CI) were estimated
for each study. Data were pooled with a random-effect
model for overall and subgroup estimations, which were
performed by regions (South America, North America, Central America, Europe, Africa, Oceania, Middle East and Asia)
and by country. Two subanalyses were conducted according to the year that each study was published: 1)1992 - 2006
and 2) 2007 - 2016 (last ten years).
Additionally, a meta-regression analysis was performed using a linear random-effects model to relate the
event rate to the year that the studies were published.
These analyses were performed using the Comprehensive
Meta-Analysis software, version 2.
Based on the previous evidence (23, 24), we also conducted two pairwise meta-analyses to compare the prevalence of HEV antibodies by gender (male versus female)
and age (< 40 versus > 40 years old). Data from each dichotomous outcome were pooled and presented as odds
ratio (OR) with a 95% CI, using forest plots. Heterogeneity
was assessed using the I2 statistical test, which is considered significantly high when I2 > 50%. The meta-analyses
were conducted using the Review Manager, version 5.3. Finally, we also used a chi-square test to verify significant differences between the gender and age groups. This analysis was performed in Statistical Package for Social Science
(SPSS) version 19.
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This systematic review (PROSPERO registration number CRD42016033926) was conducted following the preferred reporting items for systematic reviews and metaanalyses (PRISMA) and Cochrane collaboration recommendations, so that all steps were conducted by two reviewers
independently and discrepancies were decided by consensus with a third author.
We searched the PubMed/Medline, Scopus, Web of Science and Cochrane Library electronic databases for all reports that contained data for anti-HEV IgG seroprevalence
among blood donors (studies published up to March 2016).
The search strategy included the terms “seroprevalence”,
“hepatitis E” and “blood donors” and results were included
regardless of design or sample size (see complete search
strategies in Appendix 1 in the supplementary file).
Studies that did not report the anti-HEV IgG seroprevalence, those that were published in non-Roman characters,
and reviews were excluded. Additionally, studies investigating blood donors only with an elevated alanine aminotransferase and/or plasma minipools were not included.

2.3. Data Analysis
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ciated with a permanent infection (17, 18).
A previous review investigated the prevalence of antiHEV in blood donors. However, it included only studies
published between 2009 and 2014 and no estimation of the
prevalence of IgG antibodies was conducted (19).
In general, screening tests are not performed for HEV
in blood donors, and this could be associated with silent
transmission. Gathered data from epidemiological studies may support evidence regarding the necessity of HEV
screening in blood products, especially in regions with a
high prevalence (20, 21). Therefore, this systematic review
aimed at estimating the seroprevalence of anti-HEV antibodies among blood donors worldwide and regionally using Bayesian-based methods.
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2.2. Data Extraction and Quality Assessment
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The relevant data extracted from each study included:
(a) baseline characteristics (number of patients, gender,
age and country); (b) HEV antibodies (IgM and IgG); and (c)
the method used for HEV detection. These data were collected in a previously developed spreadsheet from Excel.
Quality appraisal of the included studies was assessed
according to previously published criteria (22), which consider four sources of bias related to the study: participation, study attrition, measurement of outcomes and analysis approaches. According to it, the sources of bias are
scored in “yes”, “partly”, “no” or “unsure”.
2

3. Results
3.1. Search Results and Characteristics of Included Studies
After exclusion of duplicates, a total of 2 239 potential
studies were retrieved in the electronic searches and were
screened by title and abstract (Figure 1). After a full-text
analysis of the 154 remaining articles, 83 were excluded, resulting in 71 included studies (Appendix 2 in the supplementary file). Of these, 31 studies related to countries in Europe, eight to Asia, eight to South America, eight to North
America, seven to the Middle East, six to Africa, two to Oceania and one to Central America. They were conducted in
the time period 1992 to 2016. Only few studies reported
data for HEV IgM antibodies, and therefore made impossible the analysis by statistical methods. In this way, analyses
were performed only for HEV IgG antibodies.
3.2. Prevalence of Hepatitis E Virus IgG Antibodies According to
Region and Period of Time
The studies included data from 117 276 blood donors.
The estimated pooled anti-HEV IgG seroprevalence across
all studies was 0.058 (CI 95%: 0.049-0.068) (Figure 2).
Hepat Mon. In Press(In Press):e42875.
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0.030 (CI 95%: 0.023 - 0.039), with a higher incidence in
Africa, Middle East and Asia. On the other hand, the overall prevalence (0.076 CI 95%: 0.063 - 0.091) was higher in
the last ten years (Figure 4, 43 studies). Asia and Middle
East had high incidence rates, followed by Europe, North
America and Africa. Developed regions such as Europe and
North America had an increase in the number of cases in
the last ten years.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Flowchart Diagram of Study Selection
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Subgrouping by region, the estimation of prevalence was
higher in Asia at 0.113 (CI 95%: 0.04-0.278) and in the Middle East at 0.112 (CI 95%: 0.081 - 0.152). Estimates for other
regions ranged from 0.014 (CI 95%: 0.009 - 0.023) in Central
America to 0.088 (CI 95%: 0.034 - 0.212) in Africa. By country,
the estimated prevalence was higher in China at 0.279 (CI
95%: 0.197 - 0.380) and Egypt at 0.453 (CI 95%: 0.356 - 0.553)
(more details are presented in Appendix 3 in the supplementary file).

Figure 3. Estimated Pooled Anti-HEV IgG Seroprevalence Including Studies During
1992 - 2006
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Figure 2. Estimated Pooled Anti-HEV IgG Seroprevalence in Studied Regions and
Overall

As it were included data over the last 24 years (1992 2016), subanalysis was performed in two periods of time:
1) 1992 - 2006, and 2) the last ten years (2007 - 2016). From
1992 - 2006 (Figure 3, 28 studies), the overall prevalence was
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Figure 4. Estimated Pooled Anti-HEV IgG Seroprevalence Including Studies Published in the Last Ten Years

Meta-regression (Figure 5) was used to analyze whether
there was rise in event rates during 1992 - 2016. In general, a small increase of the number of events per year (0.05
events rate/year) was found.
3.3. Pairwise Meta-Analysis: Prevalence of Hepatitis E Virus IgG
Antibodies by Gender and Age
Pairwise meta-analyses of gender (male versus female)
and age (< 40 versus > 40 years old) were performed respectively with 24 and 12 studies (Table 1). Anti-HEV IgG
3
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ous study also demonstrated potential zoonotic transmission of HEV in a European country (28). Our comparison
of the rates of events before and after 2006 showed an increase in the number of cases in developed regions, such
as Europe, and North America. This evidence suggests that
HEV is spreading worldwide, not only in developing countries, but also more in developed countries than previously
thought (29, 30).
Although HEV infection is generally mild and selflimiting, in some cases it can become a severe disease, especially in pregnant women and immunocompromised,
transplanted and HIV-infected patients, where it can cause
chronic infection, fulminant hepatitis and serious extrahepatic symptoms (31). Previous studies have found that
individuals had already acquired HEV infection following
blood transfusions, including patients in nonendemic regions (10, 11, 13, 32).
Responsible agencies should consider HEV screening
in blood transfusions to avoid its infection and complications, especially in endemic areas where a higher risk is
present, considering that every effort to minimize the potential of the transfusion-transmitted disease is valuable
(31, 33, 34).
Testing for hepatitis E has significantly improved over
the years (35, 36), but the variability in sensitivity and specificity of available screening tests makes data analysis difficult (37). Another factor that contributes to the lack of
information about the frequency of HEV transmission by
the transfusion route is underreported cases (33), which
are possible associated with subclinical infections.
Finally, meta-regression illustrated a slight increase in
the event rate from 1992 to 2016. The present study found
the anti-HEV IgG seroprevalence to be higher in male than
female donors in agreement with previous studies (38-41).
The rate also increased with age in agreement with previous findings (37, 41-43). In this way, HEV screening in blood
transfusions also should be considerate for male and over
40 years old blood donors, as they appears as a risk group.
Our study presented some limitations. Different tests
for HEV antibodies’ detection were used by the studies included in this systematic review, but a previous study concluded that in general the tests that were evaluated were
similar for HEV IgG detection, but they could differ in some
points (44). Furthermore, the included studies would possibly differ in baseline characteristics (number of patients,
gender, and age).
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Figure 5. Meta-Regression of Rates of Events During 1992-2016

3.4. Quality Assessment of Included Studies
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seroprevalence was higher in males at 1.18 (CI 95%: 1.01 - 1.38)
and in blood donors over 40 years at 0.33 (CI 95%: 0.26 0.43). Forest plots are shown in Appendix 4 in the supplementary file. Heterogeneity was low for both analyses (I2
< 50%). A similar result was observed using the chi-square
test (Table 2), the prevalence was statistically significant in
males and donors over 40 years (P < 0.05).
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The methodological quality assessment (Appendix 5
in the supplementary file) showed that in general the included studies in this systematic review presented valuable data. Nevertheless, it was observed in some studies a
lack of more detailed and precise information. As a main
consequence, for instance, the meta-analysis (by gender
and age) had a diminished number of studies.
The majority of the studies presented unsure information in study participation source of bias. In general, it was
observed that there were no concerns in author’s studies to
justify it. A great number of the studies also presented unsure information in the study attrition source of bias. As
a consequence, when reporting the outcomes, there were
a relevant number of studies that partly reported it. The
overall analysis approaches adopted by the studies well
evaluated.

4. Discussion

U

Nowadays, hepatitis E is known to be a worldwide disease, mainly associated with inadequate sanitation and
poor hygiene practices. Outbreaks are associated with
rainy seasons, floods and overcrowding (25). In agreement
with previous studies (2), Asia showed the highest antiHEV-IgG seroprevalence among regions.
However, for many years, Europe was thought to be a
nonendemic region for HEV, but several HEV cases unrelated to travel history have been reported (26, 27). A previ4

4.1. Conclusions
The results of this study demonstrate a significant
prevalence of anti-HEV IgG among blood donors, especially
in males and donors over 40 years, suggesting the screening of HEV in blood transfusions should be considered to
Hepat Mon. In Press(In Press):e42875.
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Table 1. Pairwise Meta-Analysis of Gender (Male Versus Female) and Age (< 40 Versus > 40)

Participants

Effect Estimate (95%
CI)

P Value

I2 a

Female vs. Male

24

34,418

1.18 (1.01 - 1.38)

0.04

33

> 40 vs. < 40

12

16,874

0.33 ( 0.26 - 043)

< 0.01

35

Value are expressed as number percent.

Table 2. Antihepatitis E Virus Seroprevalence IgG Among Different Sex and Age

Outcome

Anti-HEV seroprevalence
IgG +
1034

17903

Female

579

14346

< 40

272

8412

> 40

673

7517
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avoid complications. Asia and Middle East had the highest
incidence of anti-HEV IgG, probably caused by inadequate
infrastructure conditions. Moreover, HEV infection by parenteral routes needs to be further investigated.
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