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Abstract
Although hepatitis E virus (HEV) infection has been widely understood as a public health concern in 
pregnant females, it is sometimes overlooked because of unusual observations of hepatitis E-induced 
complications during pregnancy. The objective of this descriptive cross-sectional study was to find out 
how frequent Hepatitis E virus infection is in pregnant women in Sudan. Blood samples were collected 
from pregnant women (n = 90) attending Khartoum North Hospital from February to December 2019. 
The specimens were investigated for Hepatitis E virus IgG and IgM antibodies using the commercial 
kits based on the enzyme immunosorbent assay (ELISA) technique. Out of ninety pregnant women, 
36 (40%) were found positive for IgG antibodies, and 5 (6%) were tested positive for IgM antibodies. 
In addition, 13 (14.5%) of the positive cases are women in their third trimester. These data showed a 
significant association between previous Hepatitis E virus infection and miscarriage (p <0.001). This 
study did not find a significant association between maternal and gestation age, education, water 
sources, and hepatitis E virus infection. In conclusion, there was a high percentage of HEV infections 
among pregnant women attending Khartoum North Hospital. This study estimates the Hepatitis E virus 
burden in Khartoum state, but more extensive studies are required to confirm the burden in Sudan. 
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INTRODUCTION
 Hepatitis E virus (HEV) is a common viral 
agent that causes acute viral hepatitis across the 
globe. More than 20 million HEV-infected cases 
are annually projected worldwide, with 70,000 
casualties and 3,000 stillbirths expected each 
year.1,2 The hepatitis E virus was discovered around 
1978 during an outbreak across north India's 
Kashmir region, which resulted in 52,000 hepatitis 
cases and 17,000 deaths.3,4 Hepatitis E has been 
found in at least 63 countries, either sporadically 
or as disease outbreaks.2,5

 Hepatitis E virus is a nonenveloped 
icosahedral virion with single-stranded positive 
polarity RNA. HEV belongs to the Hepeviridae 
family of viruses. HEV causes an acute, self-limiting 
disease in the general population, comparable to 
certain other acute viral hepatitis, like hepatitis A 
or B, with a fatality rate of 0.2 to 1%.6 The most 
common cause of acute hepatitis and jaundice in 
the world is most likely HEV infection.7-9 Hepatitis 
E virus infection was once thought to be a disease 
of resource-poor locations, with faecal-oral 
transmission primarily via contaminated water 
supplies and just a few cases linked to travel 
to endemic areas in high-resource countries. 
According to data collected over the last nearly 15 
years, locally acquired HEV infections are common 
in developed countries. These genotype 3 or 4 HEV 
autochthonous infections were initially thought 
to be zoonotic, linked to raw meat consumption 
or animal contact. However, transfusion of blood 
and blood products was later linked to many 
HEV genotype 3 infection incidences in affluent 
countries. HEV viraemia among healthy blood 
donors in numerous countries supports the 
possibility of blood-borne transmission.10-14

 Nevertheless, the prognosis of hepatitis 
E during pregnancy differs from the modest 
self-limiting infection seen in other groups. 
HEV infection can progress to a severe clinical 
stage during pregnancy, resulting in fulminant 
liver failure, loss of pregnancy, and stillbirths. 
Because people with hepatitis-like symptoms 
are infrequently screened for the virus thus 
epidemiological data regarding HEV infection 
during pregnancy is limited.15 On the other hand, 
HEV infection is thought to be responsible for 
between 2400 and 3000 stillbirths annually, in 

addition to fetal fatalities associated with prenatal 
maternal deaths.16,17

 Even though these complications of 
HEV infections are well known in pregnancy, little 
is known about the exact viral mechanism of 
pathogenesis that produces it. It is reported that 
cytopathic effects of HEV by immune-mediated 
pathogenesis appear to be the cause of such 
severe problems during pregnancy. Pregnancy-
related alterations further influence the etiology 
of HEV in immune and hormonal responses. More 
research is required to learn about the underlying 
mechanisms.18,19

 Hepatitis E has traditionally been known 
to be a disease of developing countries, where 
breakouts are more frequent due to a lack of safe 
drinking water.20 Acute hepatic failure owing to 
HEV infection is prevalent in pregnancy in these 
regions where HEV is prevalent, with a death 
incidence of approximately 20%.21,22 The first HEV 
outbreak, which included symptomatic pregnant 
women, occurred in Nepal's Kathmandu Valley in 
1987.23

 Recent epidemics have occurred in 
refugee camps with densely populated areas and 
inadequate sanitation in Somalia, Kenya, Sudan, 
and Uganda.24,25 HEV monitoring in all regions 
worldwide is essential to build a consensus of this 
viral infection in pregnancy to give proper public 
health education.
 In Sudan, the first cases of HEV infection 
were documented in 1992. Since then, there have 
been numerous more large outbreaks, mainly in 
Darfur refugee camps. Additionally, most of these 
outbreaks are linked to high maternal mortality 
rates.22 
 Despite the fact that HEV is widespread in 
various African nations, including Sudan, the true 
extent of HEV infection is unknown. The purpose 
of the study was to find out if pregnant women in 
Sudan were infected with HEV.

MATERIALS AND METHODS
Study design
 This descriptive, cross-sectional, hospital-
based study targeted all pregnant women who 
attended Khartoum North Hospital in Khartoum 
State from February 2019 to December 2019. 
Participants were informed about the study's aims 
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and written, or informed consent was taken. The 
study was approved by the Scientific Research 
Committee, College of Medical Laboratory Science, 
Sudan University of Science and Technology (SRC-
MLS-11-18). Fig. 1 depicts the area of the study.
Data and specimen collection
 Data was collected by direct interview 
(quest ionnaire)  with  each part ic ipant , 
questionnaire was initially validated by conducting 
a pilot study. Ninety blood specimens were 
collected from each participant through the 
venous puncture, and blood was allowed to clot. 
Serum was obtained by centrifugation at 3000 rpm 
for 15 minutes then stored at -20°C until further 
investigation performance of the test.
Enzyme Linked Immuno-sorbant Assay (ELISA)
 According to the manufacturer's 
instructions (EUROIMMUN), the technique was 
carried out with 100 µL of calibrators, positive 
and negative controls, and diluted patient 
sera dispensed into designated wells of a 96-
well microtiter plate. The microtiter plate was 
incubated at room temperature for 30 minutes 
and then washed three times with the washing 
buffer. Afterward, 100 µL of the enzyme conjugate 
provided with the kit was added to all the 
wells, and the washing step was repeated after 

incubation of 30 minutes. In each microplate well, 
100 µL of chromogen substrate solution was added 
and kept for 15 minutes at room temperature, 
preventing direct light. Finally, all wells were filled 
with 100 µL of sulphuric acid to terminate the 
reaction. Following 30 minutes of introducing the 
stop solution, the optical density was measured 
spectrophotometrically with an ELISA reader at 
450 nm and reference wavelengths of 620 nm and 
650 nm.
 The results were assessed semi-
quantitatively by calculating a ratio of each 
sample's extinction value over the calibrator 
extinction value using the formula inside the 
leaflet. Wells with a ratio more than or equal to 1.1 
were deemed positive, while those with a ratio less 
than 0.8 were classified negative. The kit is 100% 
sensitive and specific with the detection limit of 
0.1 IU/ml. 
Data analysis 
 Data analysis was done using Statistical 
Package for Social Science (SPSS) software version 
23. Frequencies were presented in the form of 
tables and figures. The significance of differences 
was determined using the Chi-square test, and 
statistical significance was established at P-value 
≤ 0.05.

Fig. 1. Map of Sudan highlighting the study site
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RESULTS
 In this study, 90 blood samples from 
Sudanese pregnant women were analyzed to 
detect HEV antibodies. The sociodemographic 
and clinical data of participants are presented in 
Table 1. The age ranged from 19 to 42 years, and 
the mean age for the pregnant female was 30.5 ± 
5.0 s.d. Based on the age of females, we divided 
them into three groups, and it was observed that 
the highest number of pregnant female 33 (44.4%) 
participants belonged to the age group 19-26 
years. It was also recorded that most pregnant 
females in this region were educated 60%, and 
40 were illiterate. The data revealed that almost 

68.9% of females drink nonfiltered water. Clinical 
data of the participants showed that 34.4% of 
females had a history of miscarriage. Out of 90, 
26 (28.9%) were in the first trimester, while 26 
(28.9%) and 38 (42.2%) were in the second and 
third trimester, respectively.
Frequency of HEV infection in pregnant female
 Fig. 2 showed that out of 90 pregnant 
women, 36 (40%) were found positive for IgG 
antibodies, and 5 (6%) were tested positive for IgM 
antibodies. All anti-HEV IgM seropositive samples 
were also anti-HEV IgG positive. It was also 
observed that for acute hepatitis E infection, out 
of 5 positive cases, 60% were in the third trimester, 

Fig. 2. Frequency of anti-HEV IgM and IgG antibodies among pregnant women.

Fig. 3. Frequency of anti-HEV IgM and IgG antibodies among pregnant women according to gestational and mother 
age.
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and age belonged 27-34 years. Not a single acute 
case was reported in females aged 35-42 years. 
On the other side for IgG, a high proportion was 
seen in the second trimester, and age belonged to 
35-42 years (Fig. 3).
Risk factors associated with the HEV IgG positivity 
among study subjects
 Regression analysis was done to find 
any association of risk factors with HEV IgG 

seropositivity in pregnant females, and results 
are presented in Table 2. Out of the 90 pregnant 
women and considering age groups; HEV IgG was 
positive in 13/33 (14.4%) among age group (19-
26) years, 11/30 (12.3%) tested positive among  
(27 – 34) years, and 12/27 (13.3%) were positive 
among (35 to 42) years, and the age was no 
significant association between age groups and 
HEV infection. Our findings revealed that; 36% of 
the pregnant women who tested positive for HEV 
were in the third trimester, 33% and 31% were in 
the first and second trimester, respectively. A high 
proportion of seropositive cases were observed 
in the third trimester but were not statistically 
significant. 
 Considering the educational level, the 
results showed that; 20 (55.5%) of educated 
women were positive for HEV antibodies, while 
16 (44.5%) of non-educated tested women were 
positive for HEV antibodies. Our analysis showed 
no significant association (P=0.482) between 
education and HEV infection.
 This study found that 25 (69%) of 
pregnant women who drank non-filtered water 
were positive for HEV antibodies, while 11 (31%) 
of pregnant women who drank filtered water were 
positive, and there was no significant correlation 
(P=0.926) between the source of water and HEV 
infection.

Table 2. Risk factors associated with the HEV IgG positivity among study subjects 

Variable         HEV IgG Sero status p-value OR (95%CI)

  Positive Negative
  (n=36) (n=54)  

Age 19-26 years 13 (36%) 20 (37%) - -
 27-34 years 11 (31%) 19 (35%) 0.82 0.89 (0.32-2.46)
 35-42 years 12 (33%) 15 (28%) 0.69 1.23 (0.43-3.45)
Gestational age First Trimester 11 (31%) 20 (37%) - -
 Second Trimester 12 (33%) 17 (31.5%) 0.53 1.39 (0.49-3.89)
 Third Trimester 13 (36%) 17 (31.5%) 0.63 1.28 (0.45-3.64)
Education Educated 20 (55.5%) 34 (62.9%) 0.48 1.36 (0.57-3.20)
 Illiterate 16 (44.5%) 20 (37.1%)  
Number of 1st pregnancy 10 (27.7%) 18 (33.3%) 0.59 0.75 (0.26-2.12)
pregnancies 2-3 12 (33.3%) 17 (31.5%) 0.93 0.95 (0.34-2.6)
 More than 3 14 (39%) 19 (35.2%) - -
Drinking water Filtered water 11 (31%) 17 (30%) 0.92 1.04  (0.38-2.38)
 Non-filtered water 25 (69%) 37 (70%)  
History of Yes 22 (61%) 9 (17%) 0.001 7.85 (2.95-20.94)
Miscarriage No 14 (39%) 45 (83%)

Table  1 .  Demographic  and soc ioeconomic 
characteristics (n=90)

Variable N (%)

Age
19-26 years 33 (36.7%)
27-34 years 30 (33.3%)
35-42 years 27 (30%)
Education
Illiterate 36 (40%)
Educated 54 (60%)
Drinking water
Filtered 28 (31.1%)
Non filtered 62 (68.9%)
History of miscarriage 
Yes 31 (34.4%)
No 59 (65.5%)
Gestational age 
First trimester 26 (28.9%)
Second trimester 26 (28.9%)
Third trimester 38 (42.2%)
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 In addition, 22/36 (61%) cases had a 
history of miscarriage, indicating a significant 
association between previous HEV infection and 
miscarriage (P<0.000, OR=7.85, 95%CI:2.95-
20.94).

DISCUSSION
 Despite the significance of HEV infection, 
few research have been conducted in Sudan to 
explore its prevalence and implications, particularly 
in pregnant women. The goal of this study was to 
find out if pregnant women were infected with 
HEV. We found that 36/90 (40%) pregnant women 
were anti- HEV positive. Our finding is consistent 
with previous studies conducted in Ethiopia 
(43.4%) and Nigeria (42.7%).26,27 Our results also 
revealed that; the prevalence of infected pregnant 
women in Sudan is higher than in Ghana (12.3%) 
and in France (7.74%).28-30

 Interestingly, another study conducted 
in Sudan- Darfur showed that 95% of pregnant 
women under investigation were infected with 
HEV.31 Our analysis indicates that the prevalence 
of HEV-infected pregnant women in Darfur is twice 
that of infected pregnant women in Khartoum. The 
possible explanation for this variation is that Darfur 
state suffered from conflict and humanitarian crisis 
for a decade. As a result, most Darfur population 
lives in refugee camps where access to healthy 
food and clean water is almost impossible. Such 
conditions provide a great environment for disease 
outbreaks.
 Our study found that 5.6% of pregnant 
women were anti- IgM positive, indicating recent 
infection with HEV. Different studies worldwide 
investigated the presence of recent HEV infections 
in pregnant women, and the findings were 
variable ranging from (0.2-64.40%). Perhaps, 
these variances could be due to differences in the 
level of hygiene, educational status, social status, 
endemicity of the virus, and different lifetime 
exposures of the participants to HEV. Our finding 
was higher than the results obtained in Ghana 
(0.2%) and Ethiopia (0.9%).26,28,32 This study's rate 
of seropositivity, on the other hand, was lower 
than that reported by Adjei et al. in Ghana, which 
was 64.40 percent.29,33

 In our attempt to identify the previous 
infection with HEV within the study population, 

we investigated the prevalence of HEV IgG 
antibodies among pregnant women. We found 
that 40% of the cases are positive for HEV IgG 
antibodies. These findings are consistent with 
those obtained by another study in Khartoum, 
Sudan (41.1% (37/90) and other studies from 
Africa; in Nigeria (42.7%) of pregnant women 
were positive for IgG antibodies, followed by 
(42.4%) in Ethiopia and (35.60%) in Ghana.27,29,33 
Other investigators observed a lower frequency of 
IgG antibodies from different countries, with the 
lowest percentage of 0.22% in Lebanon and 31% 
in Ethiopia.28,34 Compared to our study Dawoud 
et al in Sudan detected anti-HEV IgG antibodies 
in 61.2% of the study subjects and reported 
lower seropositivity rates of IgG antibodies in 
Sudan. Such variations between countries could 
be attributed to many reasons but not limited to 
socioeconomic reasons, access to health clinics, 
clean water, and healthy food. Finally, the greatest 
ways to reduce the morbidity of HEV infection and 
many other waterborne infections is to prevent 
virus transmission through adequate sanitation 
and boiling drinking water.
 Our study noted that most HEV-positive 
cases are in their third trimester, followed by the 
second and first trimester. That women can explain 
such findings in their third trimester are highly 
susceptible to HEV infection and other infections.33 
 Several studies investigated the potential 
of HEV as a risk factor for miscarriage. In this study, 
HEV was significantly associated with previous 
miscarriages. This confirms the earlier findings 
that HEV infection is related to the last miscarriage 
reported 2016 in Sudan (36.8%).35 Perhaps the 
possible reasons are that most of the reported 
studies are from developing countries where 
contaminated water sources and malnutrition 
are common. Besides that, women in their third 
trimester are more prone to HEV infection and 
virus transmission from mother to the fetus 
may occur, leading to severe complications 
including but not limited to stillbirth and abortion. 
Therefore, a screening program for HEV is highly 
recommended to be part of the routine tests 
for pregnant women. However, there are some 
limitations to this study. For instance, the sample 
size was low, and the virological investigation did 
not use molecular techniques.
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CONCLUSION AND RECOMMENDATIONS
 In conclusion, we demonstrate that the 
incidence of HEV infection is high among pregnant 
women attending Khartoum North Hospital. Our 
studies found a significant association between 
HEV infection and previous miscarriage. 
 More studies are required to elucidate the 
association between HEV infection and previous 
miscarriage. To accurately establish the infection 
rate, a larger sample size and more reliable 
techniques (such as PCR) should be employed. 
Furthermore, to characterize the epidemiological 
patterns of HEV in terms of pathogenicity and 
severity, the floating HEV genotypes in the 
pregnant women of Sudan must be established.
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