CHAPTER ONE
INTRODUCTION AND OBJECTIVES

1.1. Introduction

Hepatitis E represents a significant public health and economic burden particularly in
countries where the absence of sanitation infrastructures, or their breakdown as a
consequence of wars or natural disasters, brings the hygienic conditions below a safe
level (Boccia et al., 2006; Panda et al., 2007).

Hepatitis E Virus (HEV) causes large outbreaks and sporadic cases of acute hepatitis.
Scientists estimated that one-third of the world’s population has been infected with
HEV (Jong-hoon et al., 2014). It is the most or second most common cause of acute
viral hepatitis among adults in Asia, Middle East, and Africa (Purcell and Emerson,
2008; Kamar et al., 2012).

HEV is a spherical, non-enveloped, single-stranded RNA virus belonging to the
Hepeviridae family and the Hepevirus genus (Aggarwal, 2012). The existing evidence
suggests all human HEV strains belong to a single serotype (Emerson and Purcel,
2007). Although there are at least four genotypes (1-4) (Schlauder and Mushahwar,
2001 ; Lu et al., 2006) with 24 subtypes (Lu et al., 2006; Teshale and Hu, 2011;
Purdy and khudyakov, 2011). Genotype 1 and 2, restricted to humans, are associated
with epidemics in developing countries with poor hygiene conditions (mainly
genotype 1 in Asia and Africa and genotype 2 in Central America and Central Africa)

(Purcell and Emerson, 2010). Genotypes 3 and 4 infect swine and humans, the latter



being infected by the consumption of contaminated food, resulting in sporadic cases
of hepatitis E in both developing and industrialized countries (Pavio et al., 2010;
Zhang et al., 2011; Cossaboom et al., 2011; Colson et al., 2010).

HEV is mainly an enterically transmitted virus that causes waterborne epidemics in
developing countries and sporadic cases in developed countries. There are four
reported routes of transmission, namely waterborne, zoonotic (foodborne),
bloodborne and perinatal (Mushawar, 2008). Person-to-person transmission of HEV is
rare compared with Hepatitis A Virus, which might be related to the low amount of
intact HEV particles present in a patient’s stool (Previsani and Lavanchy, 2001).

The incubation period of HEV infection ranges from 15 to 60 days (mean 40 days).
Research among non-human primates showed a direct association between infective
dose and severity of disease with an inverse relation to the incubation period. HEV
causes a range of clinical manifestations including asymptomatic infection,
unapparent infection, and icteric hepatitis. The clinical presentation of acute hepatitis
E is indistinguishable from other acute viral hepatitis. Hepatitis E is an acute disease
with abrupt onset of non specific symptoms followed by right upper quadrant pain,
jaundice, anorexia, malaise, nausea and vomiting. Asymptomatic infections occur
more often among children than adults (Eyasu and Dale, 2011).

Diagnosis of hepatitis E was made by observance of typical symptoms with elevated
aminotransferases, presence of IgM anti-HEV, and rising titer of 1gG anti-HEV in
exclusion of other etiology of acute hepatitis. Enzyme immunoassays (EIA) for HEV

antibodies are based on detection of antibodies against the highly conserved capsid
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protein. Immunoglobulin M (IgM) anti-HEV appears during the early stage of
infection and detectable at 1 to 3 weeks after acute infection of immune-competent
patients while seroconversion may be delayed up to 6 to 10 months in
immunocompromised patients (Sook-Hyang, 2011). Detection of HEV RNA in serum
or stool using nested or realtime PCR is the most sensitive and definitive diagnostic
test; however, the viremic period is short (10 to 30 days after onset of symptoms) and
detection of HEV RNA within the proper time for diagnosis in the clinical setting is
not easy, while fecal shedding of virus may last longer with high viral titer compared
to viremia in the blood (Inoue et al., 2006). Although there is no commercially
available HEV RNA PCR assay, diagnosis of hepatitis E should be made with
repeated use of anti-HEV (both of IgM and 1gG) and preferably detection of HEV
RNA in stool or blood (Sook-Hyang, 2011).

Treatment for acute hepatitis E is generally supportive. Chronic hepatitis E in solid
organ transplant (SOT) recipients on Iimmunosuppressive treatment has been
successfully treated by withdrawal or reduction of immunosuppressive drugs,
administration of ribavirin, administration of interferon or a combination of these
measures (Pischke et al., 2013; Kamar et al., 2012).

HEYV infection can be prevented by providing clean drinking water and improving the
sanitary infrastructure in developing countries. HEV3 infection may be prevented by
avoiding eating undercooked meat, especially pork products. The virus is completely

inactivated when heated above 70°C (Nassim et al., 2014).



1.2. Rationale

Hepatitis E Virus (HEV) infection is a newly recognized serious threat to global
public health. Africa is suspected to be among the most severely affected regions in
the world (Jong-hoon et al., 2014). However, there are a few studies available to
determine the prevalence of HEV infection among Sudanese people, especially in

food handlers.

Therefore, the detection of HEV among food handlers help to minimize spread of

infection and make guideline to public health decision —making.

1.3. Objectives

1.3.1. General objective

To detect Hepatitis E Virus antibodies among food handlers in Khartoum Locality.
1.3.1. Specific objectives

1. To determine the infected food handler workers in Khartoum with HEV.

2. To estimate prevalence of HEV among food handlers.

3. To determine risk factors associated with HEV among food handlers.



CHAPTER TWO
LITERATURE REVIEW

Hepatitis E Virus (HEV) is a major public health problem, especially in resource
limited countries. In an annual estimate in 2005, there had been 20.1 million HEV
infections, resulting in 70000 deaths and 3000 intrauterine fetal deaths, and a
possibility of 0.019 and 0.198 mortality in symptomatic illness for non-pregnant and
pregnant patients, respectively. HEV infections can occur either in the form of
epidemics or sporadic cases. Epidemics of HEV have been reported in African
countries, including Sudan, Ethiopia, Somalia, Chad, the Democratic Republic of the

Congo, and Uganda (Duria et al., 2013).

In June 2004, a large hepatitis E outbreak occurred in western Darfur, Sudan. A total
of 2621 cases were reported between 26 June and 31 December 2004 in Mornay
Internally  Displaced Persons Camp (78,800 inhabitants). The medical
nongovernmental organization Médecins Sans Frontiéres was the main health care
provider in the camp, with a hospital and 2 outpatient departments. The
epidemiological investigation suggested an increased risk of HEV infection with
drinking water (Guthmann et al., 2006)

Local study was conducted to verify the frequency of Hepatitis E Virus among
pregnant women attending Khartoum hospitals. Enzyme linked immunoassay
(ELISA) was done to determine the presence of anti- HEV 1gG among 90 pregnant
women during the period from July to September 2013. HEV IgG antibodies were
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detected in 41.1% (37/90). The highest percentages were recorded in the second and

third trimesters of pregnancies (37.8% and 48.7%) respectively (Zuhal et al., 2014).

A study in Darfur was carried out to determine the seroprevalence of HEV infection
among displaced persons. The samples were tested for immunoglobulin G (IgG) and
immunoglobulin M (IgM) antibody to HEV (serum) and for amplification of the HEV
genome (serum and stool) over 6 months, 253 HEV cases were recorded at the
hospital, of which 61 (24.1%) were in pregnant women. A total of 72 cases (39.1% of
those for whom clinical records were available) had a diagnosis of hepatic
encephalopathy. Of the 45 who died (case-fatality ratio, 17.8%), 19 were pregnant
women (specific case-fatality ratio, 31.1%). Acute hepatitis E was confirmed in 95%
(19/20) of cases sampled; 18 case-patients were positive for 1gG (optical density ratio
> or = 3), for IgM (optical density ratio >2), or for both, whereas one was negative for
IgG and IgM but positive for HEV RNA in serum. The survey identified 220
jaundiced women among the 1133 pregnant women recorded over 3 months (attack
rate, 19.4%). A total of 18 deaths were recorded among these jaundiced pregnant

women (specific case-fatality ratio, 8.2%) (Boccia et al., 2006).

In South Korea a study was conducted to determine hepatitis E seroprevalence in
1848 cases: 1434 slaughter workers and 414 residual products handlers. Anti-HEV
IgG and IgM were measured using HEV 1gG and IgM enzyme-linked immunospecific
uassay kits and HEV antigen was measured by reverse transcription polymerase chain

reaction (RT-PCR). The seropositivity of anti-HEV 1gG was 33.5% (slaughter



workers 32.8% and residual products handlers 36.2%) and among the seropositive
individuals the seroprevalence of anti-HEV IgM was 0.5% (slaughter workers 0.5%,
residual products handlers 0.7%). The response rate of HEV-antigen as measured by

RT-PCR was 0.2% (Byung-Seok et al., 2015).

A cross-sectional study in Nigeria was undertaken to determine the epidemiology,
seroprevalence and associated risk factors of HEV. A total of 462 subjects were used
for the study, categorized into four groups: apparently healthy persons, pregnant
women, HIV positive subjects and animal handlers. Blood samples were collected and
analyzed for HEV antibodies (IgG and IgM) using enzyme-linked immunosorbent
assay (ELISA) technique. The overall seroprevalence of 1gG and IgM was 42.7 and
0.9%, respectively. Animal handlers had the highest seroprevalence (66.7%)

(Surajudeen et al., 2014).

Study in Iran investigated 324 chronic hemodialysis patients attending three different
units in the city of Tabriz, for anti-HEV antibody. A specific solid- phase enzyme-
linked immunoassay was used. The overall seroprevalence of hepatitis E was 7.4 %

(Mahnaz et al., 2005).

Another study in Iran was carried out to determine the seroprevalence of HEV
infection among volunteer blood donors. A total of 530 consecutive blood donor
samples collected from Blood Transfusion Organization, Central Province of Iran. All
samples were tested for the presence of 1gG Hepatitis E antibody (anti-HEV) using

enzyme-linked immunosorbent assay (ELISA). From 530 blood donors, 91.9% were



males and 8.1% were females. Overall, anti-HEV was found in 76 of 530 samples
(14.3%). There was no significant difference in HEV seropositivity between the
subjects regarding gender and area of residence (urban vs. rural). Anti-HEV was
distributed among all age groups. Although people aged 31-50 years had the highest
prevalence, but there was no statistical difference between the age groups (Hassan et

al., 2013).

A study in France was carried out to determine HEV seroprevalence in 593 forestry
workers and 421 wild boars. Anti-HEV was detected in 31% of the forestry workers

and 14% of the wild boars (Audrey et al., 2012).

In Zambia a study was conducted to determine prevalence of hepatitis E. Blood
samples from 194 children and 106 adults were examined for immunoglobulin G and
immunoglobulin M antibodies for HEV. HEV data were correlated with HIV status
and morphometric analysis of small intestinal biopsies. Seroprevalence rose
throughout childhood, from 8% in children aged 1-4 years, to 36% in children aged
10-14 vyears. In adults, the overall prevalence was 42%, with 28% in HIV-
seronegative adults and 71% in HIV-seropositive adults (odds ratio, 6.2; 95%

confidence interval, 2.2 — 18; P =.0001) (Choolwe et al., 2014).

A cross-sectional study to determine the frequency of anti-HEV 1gG antibodies in 273
adults living in rural Durango, Mexico, was carried out using an enzyme-linked
immunoassay. One hundred (36.6%) of the 273 rural adults (mean age: 39.85 + 17.15

years) had anti-HEV IgG antibodies (Cosme et al., 2014).



Study in China investigated seroprevalence and molecular characteristics of hepatitis
E virus (HEV) in the illegal blood donors (IBDs). A total of 546 blood samples were
collected from the IBDs in Maanshan city, a questionnaire was completed by each
subject, detailing the age, sex, and periods of blood or plasma donation. The
seropositive samples were subjected to nested reverse transcription-polymerase chain
reaction and sequencing to analyze HEV partial genome. The prevalence of 1gG and
IgM HEV antibody in IBDs was 22.7% and 1.8%, respectively (Xian-Feng et al.,

2012).



CHAPTER THREE
MATERIALS AND METHODS

3.1. Study design

3.1.1. Type of study

This is a cross-sectional study.
3.1.2. Study area

The study was conducted in Khartoum Locality.

3.1.3. Study duration

This study was conducted during the period from January to May, 2015.

3.2. Study population

Food handlers, both males and females with different ages were the source of

samples.
3.3. Ethical consideration

This study was approved by the College Ethical Committee Board, Sudan University
of Science and Technology. An informed consent was obtained from each food

handlers before collecting the demographic and clinical data (Appendix 1).
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3.4. Sample size and sampling technique

3.4.1. Sample size

A total of ninety (n=90) food handlers working in Khartoum Locality were included.
3.4.2. Sampling technique

This study was based on non-probability convenience sampling technique.

3.5. Data collection

Data were collected by interviewing questionnaire (Appendix 2).

3.6. Laboratory methods

3.6.1. Collection of blood samples

A volume of 5 ml of whole blood was obtained from each food handler by

venipuncture and collected into a plain container.
3.6.2. Sample processing

Blood samples were then centrifuged at 3000 g for 5 min. Sera were gently separated

into cryotubes (Nalgene®) and stored at —20°C until the serological analysis.
3.6.3. Detection of the virus

The serum samples of the participants were analyzed for anti-HEV 1gG antibodies by
a commercially available enzyme immunoassay “HEV-IgG ELISA” kit
(EUROIMMUN medizinische labordiagnostika AG, Germany). The assays were

performed following the instructions of the manufacturer. Positive and negative
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controls were included in each assay. According to the information included in the
kit’s insert (Appendix 3), the immunoassay used has a sensitivity of 100% and a

specificity of 100%.
3.6.4. Principle

The ELISA test kit provides a quantitative or semiquantitative in vitro assay for
human antibodies of the 1gG class against hepatitis E antigens. The test kit contains
microtiter strips each with 8 break-off reagent wells coated with recombinant antigens
of hepatitis E virus. In the first reaction step, diluted patient samples are incubated in
wells. In case of positive samples, specific 1gG antibodies (also IgA and IgM) will
bind to the antigens. To detect the bound antibodies, a second incubation is carried out

using an enzyme-labeled anti-human IgG (enzyme conjugate) catalyzing reaction.
3.6.5. Procedure

All reagents and specimens were settled to the reach room temperature. 100ul of the
calibrators, positive and negative controls or diluted patient samples were added into
the individual microplate wells according to the pipetting protocol. Incubated for 30
minutes at room temperature (+18c° to +25c°). The wells were emptied and
subsequently washed 3 time using 300ul of working strength wash buffer (Tween 20)
for each wash. Then 100ul of enzyme conjugate (peroxidase-labelled anti human IgG)
was added into each of the microplate wells. Incubated for 30 minutes at room
temperature (+18c°to +25c¢°). The wells were emptied and washed as described. 100pl

of chromogen/substrate solution (TMB/H,0,) was added into each of the microplate
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wells. Incubated for 15 minutes at room temperature (+18c° to +25c¢°). Finally 100ul
of stop solution (0.5M Sulphuric acid) was added into each of the microplate wells in
the same order and at the same speed as the chromogen /substrate solution was
introduced. Photometeric measurement of colour intensity should be made at a
wavelength of 450 nm and a reference wavelength between 620 nm and 650 nm

within 30 minutes of adding the stop solution.
3.6.6. Quality control

Reagent, standard and control were checked for storage, stability and preparation

before starting work.
3.7. Date analysis

The data that collected from questionnaire and laboratory results were analyzed by

SPSS version 15 computerized program.
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CHAPTER FOUR
RESULTS

The study was carried out during the period from January to May 2015 to detect

Hepatitis E Virus among food handlers working in Khartoum.

A total of ninety food handlers, 87 (96.7%) males and 3 (3.3%) females were enrolled
in this study (Tablel). Among these 67 (74.4%) were Sudanese and 23 (25.6%)
Ethiopian. Their ages ranged from 19 to 57 years, with a mean age 29.5 years; 17
(18.9%) were less than 25 years old, 72 (80%) were 26 to 41 years old and one (1.1%)
was above to 42 years old (Table 1). Almost all food handlers 85 (94.4%) had medical

check-up previously.

The serodetection revealed that anti-HEV 1gG among food handlers was 10 (11.1%)
positive, 1 (1.1%) borderline while 79 (87.8%) negative (Table 2). The
seroprevalence was high (60%) among food handlers aged 26 - 41 years, followed by
10 - 25 years (40%), and 42 - 57 years (0%) . However, there was no statistically
significant difference in prevalence of anti-HEV 1gG by age groups (P = 0.47). The
seroprevalence was also higher in Sudanese food handlers (90%) than Ethiopian
(10%) (Table3). There was no significant differences between the prevalence of anti-

HEV antibodies in Sudanese and Ethiopian food handlers (P = 0.4). P. values < 0.05.
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Table 1. Distribution of food handlers according to age groups and gender

Gender
Age group
(year) Male Female Total
No. (%) No. (%)
10 — 25 16 (17.8%) 1 (1.1%) 17 (18.9%)
26 —41 70 (77.8%) 2 (2.2%) 72 (80%)
42 - 57 1 (1.1%) 0 1 (1.1%)
Total 87 (96.7%) 3 (3.3%) 90 (100%0)
Table 2. HEV-1gG detection among food handlers relation to age
Result
Age group Positive Borderline Negative
(year) NO. (%) NO. (%) NO. (%)
10 - 25 4 (4.4%) 13 (14.5%)
26 -41 6 (6.7%) 1(1.1%) 65 (72.2%)
42 - 57 0 1 (1.1%)
Total 10 (11.1%) 1(1.1%) 79 (87.8%)

Table 3. Distribution of sero-positivity of food handlers according to nationality

Nationality No. %
Sudanese 9 90
Ethiopian 1 10
Total 10 100
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CHAPTER FIVE
DISSCUSSION

5.1. Discussion

Hepatitis E Virus (HEV) infection represents an important public health concern in
many developing countries, where it is primarily transmitted through the orofecal
route due to inadequate sanitary conditions and contaminated water supplies (Worm

et al., 2002; Meng, 2010).

This study investigated HEV among food handlers working in Khartoum Locality.
Ninety food handlers, (67 (74.4%) Sudanese and 23 (25.6%) Ethiopian) were included
in this study. Of them 87 (96.7%) were males, and 3 (3.3%) females, with mean age
of 29.5 years. The sero-positive HEV 1gG antibody among food handlers was 10
(11.1%). This result was less than that reported among pregnant women in Khartoum
(41.1%) and Darfur (31.1%) (Zuhal et al., 2014, Boccia et al., 2006). The differences
between these two groups could be due to the fact that pregnant women considered to
be potential risk factor for the virus (Mushahwar, 2008). The result was also less than
that reported in South Korea (33.5%), Nigeria (42.7%), Zambia (42%), France (31%),
China (22.7%) and Mexico (36.6%) but higher than that reported in Iran (7.4%)
(Byung-Seok et al., 2015; Surajudeen et al., 2014; Choolwe et al., 2014; Audrey et
al., 2012; Xian-Feng et al., 2012; Cosme et al., 2014; Mahnaz et al., 2005). These
differences in prevalence rate could be due to differences in the population or the size

of the sample studied. Other reasons might be lie in the differences in socioeconomic,
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cultural and hygienic and climatic factors across geographic. These factors need to be

further evaluated.

The prevalence of HEV IgG in the different age groups of food handler revealed a
high prevalence in the group 26 - 4lyear olds. These results were similar to those
obtained by Hassan et al (2013) in Iran which revealed a high prevalence in aged
group 31 -50 years. The increase prevalence in these aged groups might be attributed

to the high exposure of virus due to activates of these group.

Although no statistically significant difference was observed with regard to
nationality, the current study recorded proportionately higher prevalence among
Sudanese food handlers than Ethiopian. Logical reasoning could be the members of

Sudanese in this study were higher than Ethiopian.

Therefore, a population-based study to confirm or exclude this speculation is urgently
required. In addition, the sanitary conditions under which food handlers working need

to be improved.

5.2. Conclusion

The study concluded that Hepatitis E Virus (HEV) circulates at low but considerable
levels especially among food handlers; that may be a source of outbreak. The
seroprevalence of HEV was higher in Sudanese food handlers than Ethiopian and
among food handlers aged 26 — 41 years. However, there was no statistically

significant difference in HEV seropositivity between the subjects regarding to
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nationality (P = 0.40) (Sudanese vs. Ethiopian) and age groups (P = 0.47), P. values <

0.05.
5.2. Recommendations

1. Further studies with large sample size are needed to evaluate the risk factors

associated with HEV among food handlers.

2. Reinforce the importance of food safety and provide training for food handlers to

reduce the risk of HEV and other enteric infections.

3. Raise the awareness of general public about the risks of HEV and other enteric
infections through various channels and advise the importance of good personal and

food hygiene.
4. Food handlers should be considered for prophylaxis (HEV vaccine).

5. Finally, further nationwide study is required to validate the results of the present

study.
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APPENDICES
Appendix 1

INFORMED CONSENT

Serodetection of Hepatitis E Virus among Food Handlers in Khartoum Locality

By
Omer Mohammed Omer Mohammed Tamal
MSc in Medical Laboratory Science (Microbiology)
Sudan University of Science and Technology

Purpose of study

The purpose of this study will be to detect Hepatitis E virus antibodies among food handlers
working in Khartoum Locality.

Procedures

5ml blood samples will be collected by venipuncture in dry tube. Blood samples will then
centrifuged at 3000 g for 5 min. Sera were gently separated into cryotubes (Nalgene®) and
stored at —20°C until the serological analysis.

Benefits of study

The detection of HEV among food handlers that helps to minimize spread of infection and
make guideline to guide public health decision —making.

The choice whether or not to donate your specimens and information is your to make. Your
decision will not affect your medical care. It also will not affect wether you can take part in
other research projects. Please read this form carefully, and ask any questions you have
before signing

Participant’s signature ............
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Appendix 2

QUESTIONNAIRE

2.Gender maleo female o

6. Medical checkup yeso No o

7. Case details

Symptom Onset date resolution date

° Jauntice i
° Fever e e
° Abdominal pain i
° Vomiting s i,
° Nausea e e
° Diarrhea e

8. Did you travel abroad in the two months before falling ill?

YES o NO o

If you answered YES to Question 8:

Which country/countries did you travel t0? ..........cooviiiiiiiiiiiii e

I T | | P
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HEV IgG Kits
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Plate

Plate
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ELSIA washer

ELISA reader
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