PREVALENCE OF HEPATITIS E VIRUS INFECTION AMONG BLOOD DONORS

IN ATERTIARY HEALTHCARE FACILITY IN OSUN STATE, NIGERIA

ABSTRACT

Hepatitis E virus (HEV) is currently the most common cause of viral hepatitis in.developing
countries. While prospective blood donors are routinely screened for HIV, Hepatitis B and C
globally in endemic areas, HEV is not included in the protocol, despite the increase in global
prevalence of HEV. Till date, only a handful of studies exist.on the prevalence of HEV in
Nigeria. The aim of this study was to fill this knowledge gap by determining the prevalence
of HEV among blood donors at the LAUTECH Teaching. Hospital, Osogbo, Osun State,
Nigeria. A total of 102 consenting individuals were enrolled into the study between ages 20
and 55. A volume of 5ml blood sample was collected, and the serum harvested, stored at
20°C until ready for analysis. A double antibody sandwich HEV ELISA was performed to
analyze the sera in duplicate for HEV antigen, using an ELISA Kit .Of the 102 samples
analyzed, 15 (14.7%) tested positive for HEV antigen, confirming the presence of HEV
infection among blood donors.in the study population.

There was significant association between HEV seropositivity and contact with animals
(P=0.010) and:alcohol consumption (P=0.000), which means there was a higher chance of
donors who consumed alcohol or have had contact with animals to get infected with HEV.
However, age, educational status, occupation and gender did not show any statistically
significant association with HEV infection. The prevalence of HEV seropositivity was high
(14.7%) and a cause for concern as HEV continues to be a major public health issue
especially in developing countries.
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INTRODUCTION

“Hepatitis E virus (HEV) is a global public health concern, affecting approximately 20
million people, with 3.3 million estimated to have symptomatic infections” [1]. “The WHO
estimated that the Hepatitis E virus was responsible for approximately 44,000 deaths in 2015,
accounting for 3.3% of the mortality due to viral hepatitis” [1]. “Hepatitis E viral outbreaks
have been reported in Asia, the Middle East, Africa and Central America” [2].“In regions
where HEV infection is endemic, it is typically acquired through the faecal-oral route,
principally via contaminated water”[3].“Hepatitis E is diagnosed by detecting viral RNA in
the serum or faeces of an infected individual using RT-PCR during the incubation period or
the early acute phase of the disease”[4].“More commonly, hepatitis E is diagnosed by
demonstrating the presence of IgM anti-HEV in serum samples or a rising titer of 1gG anti-
HEV in the serum during the late acute phase or convalescent phase of the illness”[5].
However, even though this serological test is considered specific enough, the sensitivity of
these markers has not been determined. Thus, the proportion of hepatitis E cases that may

have been missed during diagnosis is uncertain.

“The burden of hepatitis E infection in Nigeria is unclear. This is most likely due to poor or
insufficient diagnostic methods available for hepatitis E in Nigeria. However, there have been
reports of sporadic cases of hepatitis E infection in Nigeria, with prevalence ranging between
2.7-66.7%” [6-11]. Furthermore, only a handful of studies examines the association of risk
factors such as alcohol consumption, blood transfusion etc., with the prevalence of HEV in

the country.

“Despite the significance of HEV in public health, especially in resource limited regions of
the world, data reporting remained suboptimal, consequent of inadequate surveillance

system”[12]. Research done globally on hepatitis E virus (HEV) infection is far fewer



compared with other types of hepatitis virus infections such as HAV, HBV, HCV etc. In
Nigeria, there is little information on the prevalence and circulation of HEV infection in the
population, particularly among blood donors. The aim of this study was to fill this knowledge
gap by determining the prevalence of HEV among blood donors in South west Nigeria.
METHODOLOGY

Study area

The study wasconducted between January 2020 to March 2020 at Ladoke. Akintola
University of Technology (LAUTECH) Teaching Hospital, Osogho, Osun State, Nigeria.
LAUTECH is a tertiary healthcare facility that provides health services to the indigenes of

Osun State and that of neighbouring States in the south-western geepolitical zone of Nigeria.

Subject recruitment procedure

Consenting blood donors were identified, and well-structured questionnaires based on direct
and indirect questions to obtain demographic characteristics such as age, sex, marital status,
occupation, and education level were administered to those who gave consent to participate.
Behavioural characteristics and possible associated risk factors such as the previous history of
hepatitis, source of drinking water, and interaction with animals were also recorded. The
questionnaires also included other factors such as smoking habits, consumption of alcohol,
surgery, and.so on. Consenting individuals filled the administered questionnaire before
sample collection.

Inclusion criteria

The factors considered for the prospective blood donors to be included in the study before
collecting samples were:

1. Willing blood donors,



2. irrespective of sex and who,

3. apparently healthy/fit (with negative HIV, HBV and HCV status), and

4. donors with a moderate or high level of PCV and must not be on hard drugs.
Exclusion criteria
The factors which disqualified some subjects from being considered for participation in the

study were:

=

refusal to participate,

n

people with low PCV,
3. individuals with HIV, HBV and HCV positive status, and

4. individuals with a history of drug immunosuppressive therapy or critical illness etc.

Pre-sampling protocol

“Purposive sampling was employed following .gradual selection”[13]. “Information was
theoretically selected and categorized with relevant criteria such as age, gender, ethnicity,
locality, HIV status, history of substance of abuse, history of blood transfusion, source of
drinking water, aleohol.consumption, contact with animals and sexual activity status. This

was to allow maximum variation”[14].

Sample size and sample collection

One hundred nineteen participants were recruited in the study.However, only 102 blood
samples were analyzed.A volume of 5ml blood samples was collected into EDTA
anticoagulated bottles at the blood donation department in the hospital. Each blood sample
was allowed to clot, and the plasma subsequently harvested into a sterile plain container. The

blood sampleswere separated by centrifugation at 3000 rpm for 10 minutes to obtain serum.



The serum samples were then transferred into 2 ml cryovial and stored at -20°C until ready

for analysis.

Double antibody sandwich Enzyme Linked Immunosorbent Assay (ELISA)

All of the sera were analyzed in duplicate for HEV antigen (HEV Ag)using an ELISA kit
manufactured by Melsin Medical Co., Limited in China with 97% sensitivity and 97%
specificity. The assay employs a double-antibody sandwich technique to analyze the presence
of HEV Ag in human serum. The double antibody sandwich ELISA was carried out
according to the manufacturer’s instructions contained in the manual. Briefly, ten microliters
of the plasma sample were dispensed into microwell, into which 40ul of sample diluent was
added. After that, 100ul of HRP-conjugate reagent was dispensed into each well, and the
plate was incubated at 37°C for 60 minutes. The plate was then washed with 400ul of wash
solution to remove unattached conjugate. WWash was repeated five times using an automated
plate washer. Fifty microliters of Chromogen solution A and B, respectively, were added to
each well, followed by .incubation at 37°C for 15 minutes. The reaction was stopped by
adding 50ul stop solution, and a color change from blue to yellow was observed. The Optical

Density (O.D.) was read at 450nm using a microtiter plate reader within 15 minutes.

Statistical analysis and interpretation

The prevalence of HEV Ag was determined from the proportion of the positive individuals in
the overall population studiedand expressed as percentages. The data entry was done in
duplicates using Microsoft Excel 2019 (Microsoft office Inc. for Windows, USA). Statistical
analysis was carried out on SPSS software version 25. The Chi-square (32) test was used to

determine the relationship between socio-demographic variables and HEV status. Descriptive



statistics significance was set at p<0.05. Regression analysis was performed to determine and

confirm the association strength between potential risk factors and HEV status.

RESULTS

This study observed an overall seroprevalence of 14.7%, as 15 participants were positive for
HEV Ag. The distribution of the positive samples according to demography is presented in
Table 1.

Prevalence of HEV status in comparison to socio-demographic characteristics

The distribution of positive samples according to age, sex, educational status, occupation,
source of drinking water and direct contact with animals of the study participants are shown
in Table 1. Age-specific prevalence of HEV Ag was observed between ages 20 and 50. Out
of the 15 positive donors, 6.67% (1/15) were of age 20-25 years, 20.00% (3/15) in the age
range 26-30, 20.00% (3/15) in the age group_36-40, 20.00% (3/15) in the age range 41-45
years, 26.67 % (4/15) in the age group.31-35 years, and 6.67% (1/15) among donors over 45
years. There was, however, no significant association (p>0.05) between seropositivity and
age distribution (Table 2).

The seroprevalence according to sex showed positivity of HEV Ag of 73.33% (11/15) among
the male bload donors and 26.67 % (4/15) in the female participants (Table 1). There was no
significant association (p>0.05) between HEV positivity and the sex of blood donors (Table
2).

Considering the source of drinking water, the highest prevalence of HEV Ag; 86.67% (13/15)
was observed in participants who drank from taps/well water and 13.33% (2/15) among those
with bottled/sachet water as their source of drinking water. In comparison, those who drank

from other sources than those listed had a prevalence of 0.00% (0/15). There was no



significant association (p>0.05) between HEV positivity and the source of drinking water
(Table 2).

Occupation-wise, 20.0% (3/15) was observed in participants who were traders, 33.33% (5/15)
in participants who were artisans, 33.33% (5/15) among civil servants, 0.00% (0/15) in both
healthcare workers, and unemployed donors, and 13.33% (2/15) in participants who had
occupations other than those listed (Table 1). There was no significant association (p>0.05)
between HEV positivity and participants' occupation (Table 2).

Concerning educational status, an HEV Ag prevalence of 46.67% (/7/15) was recorded in
participants who were graduates of tertiary educational institutions,.13.33.% (2/15) was
recorded among undergraduates, 33.33 % (5/15) in participants®who had only secondary
school education, and 6.67% (1/15) in individuals who had other forms of education other
than those listed (Table 1).

The prevalence of contact with animals showed positivity of HEV Ag of 46.67% (7/15)
among the donors that had direct.contact and 53:33 % (8/15) among those who did not. A
significant association (p<0.05) between HEV positivity and contact with animals was

recorded (Table 2).

Association of possible risk factors with HEV status

The distribution-of positive samples according to age, sex, marital status, educational status,
occupation, alcohol, source of drinking water and contact with animals of the study
participants are shown in Table 1. Statistical analysis showed no significant association (P>
0.05) between HEV positivity and marital status, although most of the blood donors were
married. Similarly, most participants (70.59%) were males, but there was no statistical
association between sex and HEV positivity. The study revealed that HEV Ag was present in

31.8% of the blood donors who had contact with animals which also showed a strong



statistical correlation (32=6.548, df=1, P=0.010) with the infection (Table 2). Furthermore,
alcohol consumption also showed a statistical association with HEV positivity (y2=13.722,
df=1, P=0.000), which means there is a higher chance of donors who consume alcohol getting
infected. At the same time, there is a 4-fold risk of getting infected with HEV among those
who had contact with animals (95% C.1. = 1.321-13.356, OR = 4.2) (Table 3). Age, however,
did not show any statistical association (¥2=3.167. df=6, P=0.788) (Table 3). In multivariate
logistic regression analysis, the possible determinant factors that showed  statistical
association with HEV positivity in the individuals enrolled in the study were occupation,
alcohol, source of water and contact with animals (P< 0.05). Linear regression analysis
showed a statistically significant association between<the parameters evaluated and the
presence of HEV Ag in the study population (P< 0.05) with possible risk factors such as
alcohol, occupation, contact with animals, source of water and educational status. In all these
statistical analyses, alcohol consumption and contact with animals strongly correlated with

HEV positivity.

Table 1: Socio-demographic characteristics of the study participants including the
distribution of HEV positive cases.

Parameter Level Frequency Percentage Distribution & Percentage
(%) of positive samples (n=15)
Age 20-25 14 13.7 1(6.67%)
26-30 24 23.6 3 (20.00%)
31-35 23 225 4 (26.67%)
36-40 18 17.6 3 (20.00%)
41-45 11 10.8 3 (20.00%)
46-50 7 6.9 1(6.67%)
51-55 5 4.9 -
Sex Male 72 70.59 11 (73.33%)
Female 30 29.41 4 (26.67%)
Marital status Single 36 35.29 4 (26.67%)
Married 66 64.71 11 (73.33%)
Divorce 0 0 -

Educational status  No formal 0 0 -




Secondary 40 39.21 5 (33.33%)
Undergraduate 21 20.60 2 (13.33%)
Graduate 37 36.27 7 (46.67%)
Others 4 3.92 1 (6.67%)
Alcohol Yes 6 5.89 4 (26.67%)
No 96 94.11 11 (73.33%)
Source of drinking Tap/well water 78 76.47 13 (86.67%)
water Bottled/sachet water 13 12.75 2 (13.33%)
Others 11 10.78 -
Direct contact with Yes 22 21.57 7 (46.67%)
animals No 80 78.43 8 (53.33%)
Occupation Trader 8 7.84 3 (20.00%)
Avrtisans 39 38.24 5 (33.33%)
Civil servant 22 21.57 5 (33:33%)
Healthcare worker 7 6.86 -
Unemployed 6 5.88 -
Others 20 19.61 2 (13.33%)

Table 2: HEV seroprevalence infection in comparison to socio-demographic, clinical

and environmental factors.

Parameter: . Participants’ Positive Negative Df Chi-square P-value
variables (%) (%)

Age 20-25 1(7.1%) 13(92.9%)
26-30 3(12.5%) 21(87.5%)
31-35 4(17.4%) 20(82.6%)
36-40 3(16.7%)  15(83.3%) 6 3167 0788
41-45 3(27.3%) 8(72.7%)
46-50 1(14.3%) 6(85.7%)
51-55 0(0.0%) 5(100%)

Sex Male 11(15.3%) 61(84.7%) 1 0.064 0.801
Female 4(13.3%) 26(86.7%)

Alcohol Yes 4(11.1%) 32(88.9%) 1 13.722 0.000
No 11(16.7%) 55(83.3%)

Educational No formal 0(0.0%) 0(0.0%)




status

Occupation

Source of
drinking
water

Contact
with
animals

Secondary

Undergraduate

Graduate
Others
Trader
Artisans
Civil servant
Healthcare
worker
Unemployed
Others
Tap/well-
water
Bottled/sachet
water
Others

Yes

No

5(12.5%)
2(9.5%)

7(18.9%)
1(25.0%)
3(37.5%)
5(12.8%)
5(22.7%)
0(0.0%)

0(0.0%)
2(10%)
13(16.7%)

2(15.4%)
0(0.0%)

7(31.8%)
8(10.0%)

35(87.5%)
19(90.5%)
30(81.1%)
3(75.0%)

5(62.5%)

34(87.2%)
17(77.3%)
7(100.0%)

6(0.0%)
18(90%)
65(83.3%)

11(84.6%)

11(100.0%)

15(68.2%)
72(90.0%)

4 2.623
9] 7.020
2 2.140
1 6.548

0.453

0.219

0.343

0.010

Key:df: Degrees of freedom; P-value: Probability of obtaining results as.€xtreme; where P<0.05 is considered

significant

Table 3: Possible risk factors correlation and HEV

Variable Participants’ Positive Negative OR 95% C.I. | P-value
variables
Alcahol Yes 4(11.1%) 32(88.9%)
No 11(16.7%) | 55(83.3%) | 15.45 2.530- 0.000
94.419
Contact with Yes 7(31.8%) 15(68.2%)
animals No 8(10.0%) 72(90.0%) 4.2 1.321- 0.010
13.356

DISCUSSION

Key:OR: Odds ratio; C.I.: Confidence interval



Hepatitis E is a liver disease caused by the hepatitis E virus (HEV) which is one of the five
known human viral hepatitis (A, B, C, D and E).HEV has a global distribution but is more
common in developing countries and areas with poor or compromised sanitary and hygienic
conditions particularly in parts of Africa and Asia. According to WHO, about 20 million
HEV infections occur worldwide yearly and in 2015, about 44,000 deaths were recorded[1].
HEV infection with varying prevalences have been documented in different parts of Nigeria

[8-10,15-17]but only one study has shown the prevalence among blood donors [11].

“Many studies have shown that blood products such as red blood cells; platelets and fresh-
frozen plasma can transmit HEV. In Nigeria, there have been a few studies on the prevalence
of HEV in the general population but there is little. data.on the potential risk of HEV
transmission in contaminated blood from HEV infected asymptomatic blood donors. This
study therefore aimed to generate basic information on the prevalence of HEV infection
among blood donors in a tertiary health facility in Osogbo, Osun State, Nigeria.The study
confirmed the presence of HEV infection among blood donors with a seroprevalence of
14.7%. This is similar to the prevalence of 13.4% reported in Ekiti State, Nigeria”[18].
However, the prevalence recorded:in this studyis higher than that (6.6%) reported in Lagos
State, Nigeria‘[11].A possible reason for the disparity in prevalence may be as a result of
variations in_the sanitary conditions in these two States. For instance, the blood donors in
Lagos State had access to better sources of drinking water and sanitary conditions[11] in
comparison to those considered in this study, as 76.5% of the participants had well water as
their source of drinking water. It is a well-known fact that hepatitis E virus is transmitted via
contaminated water [3], therefore having a large proportion of participants obtaining their

drinking water from unhygienic sources is a major risk factor.



In comparison to other African countries, the HEV prevalence observedin this study is higher
than the prevalence of 5.4% (Tunisia) and 4.6% (Ghana) reported among blood donors,
respectively[19,20].However, the HEV seroprevalence in thisstudy is lower than the
seroprevalence of 42% reported in Zambia among apparently healthy individuals
[21].Variations in availability of safe drinking water, basic sanitation practices and other risk
factors, between these countries may account for the observed difference in seroprevalences.
In accordance with previous studies[8,22,23], this study showed that males accounted for a
higher rate of HEV antigen seropositivity than females. However, this is not always the case
as there have been reports of higher rates of HEV antigen seropositivity in women than in
men[8, 24,25].A possiblereason for why we have more HEV seropositivity in males than
femalescould be due to the fact that majority of blood donors in Nigeria are men[26]. The
reason for this gender bias still remains unclear: This study, however, did not show any
statistical association between gender and HEV seropositivity.

“In developing countries, the age-specific seroprevalence profiles reveal that HEV infection
is usually limited to adult population between ages 15 and 35 years”[26]. The present study
shows a distribution of prevalence of HEV between the ages of 20-50, with the highest
prevalence occurring between ages 31-35 years. This finding is somewhat consistent with[18]
who observed. the prevalence of anti-HEV antibodies to be highest in ages 20-40 years.
However, just as-in gender, there was no significant statistical association between age and
HEV seropositivity.

“Regarding marital status, a higher prevalence (16.7%) was recorded among married donors
compared to single donors (11.1%). This agrees with previous reports”[8,27]. “This is
possiblyattributed to the increased sexual activity and person-to-person contact among the
married participants as compared to singles in the study” [8]. There was, however, no

statisticallysignificant association between marital status and HEVseropositivity.



The major route of HEV transmission is the fecal-oral route[28]. In this study, 76.47% of the
participants obtained their drinking water from unhygienic sources. Therefore, it was
unsurprising that we observed a statistically significant association between HEV
seropositivity and unhygienic water sources (p<0.05). This result is consistent with another
report that established contaminated water as the main source of HEV infection[29].

There has been established link between alcohol consumption and clinical manifestation of
HEV infection [8,30]. Thus, it was not surprising that in our study, there was a statistically
significant association between alcohol consumption and HEV seropositivity (P<0.05).
Similar association has been reported [31]. However, it is important to state that the exact
role alcohol plays in the manifestation of HEV infection remains unclear.

Furthermore, the educational status of blood donors considered in this study seemed not to
play a role in HEV seropositivity. This is in contrast withprevious studies[19,32], where
participants with low level of education had increased risk for HEV positivity. Also,
considering contact with animals,. .this study showed a statistically significant
association(P<0.05) with HEV seropositivity. This is in accordance with other findings that

established contact with animals as a means of HEV transmission[8,17].

CONCLUSION

In summary, a high HEV seroprevalence of 14.7% was observed in this study, which is
statistically significant among blood donors.This demonstrates the risk of HEV transmission
by blood transfusion and merits further nationwide investigation. Furthermore, it drives home
the need for awareness among healthcare workers, necessitating the screening of potential
blood donors for HEV.

Ethical Approval and Consent



Ethical approval to carry out this study was obtained from the Research Ethics Committee of
Ladoke Akintola University of Technology (LAUTECH) teaching hospital, Osogbo, Osun
State, Nigeria.

Informed written consent was obtained from individuals enrolled in the study. Consenting

individuals filled the administered questionnaire before sample collection.

REFERENCES

1. World Health Organization. (2022). Hepatitis.<E fact  sheet. Awvailable:
https://www.who.int/news-room/fact-sheets/detail/hepatitis-e. Accessed 15July 2022.

2. Teshale EH, Hu DJ (2011) Hepatitis E: Epidemiology and prevention. World J Hepatol 3:
285-291.

3. Khuroo M, Khuroo M, Khuroo N (2016) Transmission of Hepatitis E Virus in
Developing Countries. Viruses 8: 253.

4. Fujiwara S, Yokokawa Y, Morino K, Hayasaka K, Kawabata M, Shimizu T (2014)
Chronic hepatitis E: areview of the literature. J Viral Hepat 21: 78-89.

5. Mirazo S, Ramos N, Mainardi.V, Gerona S, Arbiza J (2014) Transmission, diagnosis, and
management of hepatitis E: an update. Hepatic Med Evid Res 6: 45-59.

6. Buisson Y, Grandadam M, Nicand E, Cheval P, van Cuyck-Gandre H, Coursaget P,
Rehel P, Teyssou R, Tsarev S (2000) Identification of a novel hepatitis E virus in Nigeria.
J Gen Virol 81: 903-909.

7. “World Health Organization (2010).The Global Prevalence of Hepatitis E Virus Infection
and Susceptibility: A Systematic Review: 144-146.

8. Junaid SA, Agina SE, Abubakar KA (2014) Epidemiology and associated risk factors of
hepatitis e virus infection in plateau state, Nigeria. Virol Res Treat 5: 15-26.

9. Oladipo EK, Awoyelu EH, Oloke JK (2017) Human Hepatitis E Virus among Apparently
Healthy Individuals in Ogbomoso, South-Western Nigeria. J Hum Virol Retrovirology 5.

10. Ifeorah IM, Faleye TOC, Bakarey AS, Adewumi MO, Akere A, Omoruyi EC, Ogunwale
AO, Adeniji JA (2017) Acute Hepatitis E Virus Infection in Two Geographical Regions
of Nigeria. J Pathog 2017: 1-6.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

John-Olabode SO, AjieO, Osunkalu V, AkinbamiA, AileK. (2017). Seroprevalence of
antiHEV among blood Donors in Lagos, Nigeria—A Pilot Study. J Med Res 3(4): 203-
207.

Rayis DA, Jumaa AM, Gasim GlI, Karsany MS, Adam | (2013) An outbreak of hepatitis E
and high maternal mortality at Port Sudan, Eastern Sudan. Pathog Glob Health 107: 66—
68.

Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K (2015)
Purposeful Sampling for Qualitative Data Collection and Analysis in Mixed Method
Implementation Research. Adm Policy Ment Health Ment Health Serv Res 42: 533-544.

Etikan 1, Alkassim R, Abubakar S (2015) Comparision of Snowball “Sampling
andSequential Sampling Technique. Biom Biostat Int J 3(1): 55.

Kolawole OE (2015) Detection of Hepatitis E Virus among-HIV Infected Individuals in
Ogbomoso, South-western Nigeria. Br J Virol 2: 62-67.

Fowotade A, Oluseyi A, Gbaja AT, Ogunleye VO, Ajayi A, Kehinde AO
(2018)Seroprevalence of hepatitis E among restaurant food handlers in Ibadan, Nigeria.
Tanzan J Health Res 20.

Osundare FA, Klink P, Majer C, Akanbi OA, Wang B, Faber M, Harms D, Bock C,
Opaleye OO (2020) Hepatitis E Virus Seroprevalence and Associated Risk Factors in
Apparently Healthy Individuals from Osun State, Nigeria. Pathogens 9: 392

Adesina, O. A, Donbraye E, Kumapayi T. E, Kudoro, A., Japhet, M.O (2009) Anti-
hepatitis E virus antibodies«in sick and healthy individuals in Ekiti State, Nigeria. African
Journal of Microbiology Research, 3(9):3: 533-536.

Houcine N, Jacques R, Salma F, Anne-Gaélle D, Amin S, Mohsen H, Hamadi B,
Caroline S (2012) Seroprevalence of hepatitis E virus infection in rural and urban
populations, Tunisia..Clin Microbiol Infect 18: E119-E121.

Meldal BHM,; Sarkodie F, Owusu-Ofori S, Allain J-P (2013) Hepatitis E virus infection
in Ghanaian blood donors - the importance of immunoassay selection and confirmation:
HEYV infection.in Ghanaian blood donors. Vox Sang 104: 30-36.

Jacobs C, Chiluba C, Phiri C, Lisulo MM, Chomba M, Hill PC, ljaz S, Kelly P (2014)
Seroepidemiology of Hepatitis E Virus Infection in an Urban Population in Zambia:
Strong Association with HIV and Environmental Enteropathy. J Infect Dis 209: 652—657.

Kaufmann A, Kenfak-Foguena A, André C, Canellini G, Biirgisser P, Moradpour D,
Darling KE, Cavassini M (2011) Hepatitis E Virus Seroprevalence among Blood Donors
in Southwest Switzerland. PLoS ONE 6: e21150.

Li S-W, Zhao Q, Wu T, Chen S, Zhang J, Xia, NS (2015) The development of a
recombinant hepatitis E vaccine HEV 239. Hum Vaccines Immunother 11: 908-914.

Ekanem E, Ikobah J, Okpara H, Udo J (2015) Seroprevalence and predictors of hepatitis
E infection in Nigerian children. J Infect Dev Ctries 9: 1220-1225.



25.

26.

217.

28.

29.

30.

31.

32.

Ofosu-Appiah L, Boney J, Adiku T, Barnor J, Odoom J (2016) Serological and Molecular
Evidence of Hepatitis E Infection among Patients with Suspected Viral Hepatitis Seen at
Korle-Bu Teaching Hospital, Accra. J Sci Res Rep 10: 1-10.

Kamar N, Dalton HR, Abravanel F, lzopet J (2014) Hepatitis E Virus Infection. Clin
Microbio Rev 27: 116-138.

Labrique AB, Zaman K, Hossain Z, Saha P, Yunus M, Hossain A, Ticehurst JR, Nelson
KE (2010) Epidemiology and Risk Factors of Incident Hepatitis E Virus Infections in
Rural Bangladesh. Am J Epidemiol 172 (8): 952-961.

Webb GW, Dalton HR (2019) Hepatitis E: an underestimated emerging threat. Ther Adv
Infect Dis 6: 2049936119837162.

Aggarwal R (2013) Hepatitis E: Epidemiology and Natural History. J Clin Exp Hepatol
3:125-133.

Said B, ljaz S, Kafatos G, Booth L, Thomas HL,Walsh A, Ramsay M, Morgan D (2009)
Hepatitis E outbreak on cruise ship. Emerg Infect Dis 15: 1738-1744.

Dalton HR, Keane FE, Bendall R, Mathew J; ljaz S (2011) Treatment of Chronic
Hepatitis E in a Patient with HIV Infection. Ann Intern Med 155: 479.

van Gageldonk-Lafeber AB, van der Hoek W, Borlée F, Heederik DJJ, Mooi SH,
Maassen C, Yzermans CJ, Rockx B, Smit LA, Reimerink JH (2017) Hepatitis E virus
seroprevalence among the general population in a livestock-dense area in the
Netherlands: a cross-sectional population-based serological survey. BMC Infect Dis 17:
1-9.



