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Chapter One 

Introduction 

1.1. Background 

Hepatitis E virus (HEV) is an inflammatory liver disease (Levinson, 

2012), HEV is a major cause of hepatitis transmitted by the fecal oral 

route and its It is a common cause of waterborne epidemics of hepatitis in 

Asia, Africa, India & Mexico but is common in the United States (Brooks 

et al., 2010). HEV is first documented in samples collected during the 

Delhi outbreak of 1955, when 29.000 cases of icteric hepatitis occurred 

after sewage contamination of the city's drinking water supply (Forbes et 

al., 2007). 

HEV was discovered in Asia by a Russian virologist who volunteered to 

drink stool filterates from a patient with an unidentified form of hepatitis 

(Purcell and Emerson, 2008). 

A large outbreak of hepatitis E was reported in June 2004 in the internally 

displaced  population camps of Darfur ,in Western Sudan, end across the 

border in Chad, at least 5.000 HEV infections were recorded from June to 

December 2004 (Guthmann et al., 2006). Pregnant women and patients 

with pre-existing chronic liver diseases at a particular risk of fulminant 

hepatic failure upon HEV infection (Haaheimet al., 2002). 

The HEV particles are spherical, non- enveloped with diameter of 32-34 

nm. They belong to the caliciviride family, although relation to the other 

member of the family is relatively distant (Brain and Marc, 2010). 

The capsid protein encoded by the open reading frame 2(ORF2) gene of  

HEV is the only known structural protein on the virion  . Pregnancy 

appears to be a potential risk factor for viral replication and leads extreme 

low immune status of  Indian/Asian pregnant women. Mortality rates 
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among pregnant women, especially those infected in the third trimester, 

have ranged between 5% and 25%, much higher that in men and 

nonpregnant women (Pischke et al., 2011). 

Hepatitis E in pregnancy is also associated with high rates of spontaneous 

abortion, intrauterine death, and preterm labour (Khuroo et al., 1981). 

1.2. Rationale 

HEV is probably the most common cause of liver diseases (Levinson, 

2012). 

Extra-hepatic manifestations of HEV arthritis, pancreatitis and 

neurological complications such as Bell,s palsy, peripheral neuropathy, 

ataxia, and mental confusion (Kamar, 2011). 

The mortality rate may reach up to 20% in pregnant women with each 

passing trimester, making HEV infection the most severe hepatitis in 

pregnancy of all recognized hepatitis viruses (Khuroo and Kamili, 2003). 

Some virologist reported that observed pregnancy has been reported to 

result in significantly higher mortality in pregnant than in nonpregnant 

women. 

Hepatitis caused by HEV is clinicaly indistinguishable from hepatitis A 

disease (Dalton et al., 2009). 

High mortality associated with an outbreak of hepatitis E among 

displaced persons in Darfur, Sudan (Boccia et al., 2006). 
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1.3. Objective 

1.3.1. General objective:  

To investigate the seroprevalence of HEV infection among pregnant 

women in Khartoum Teaching hospital. 

1.3.2. Specific objectives: 

1.To detect IgG and IgM antibodies in pregnant women. 

2.To detect association of infection with different trimester in pregnant 

women infected with HEV. 

3.To see if there is any relation between the seroprevalence of the virus 

and age of the pregnant women. 
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Chapter Two 

2. Literature review 

2.1. Historical background 

Hepatitis E was previously recognized as epidemic or enterically 

transmitted non-A,-B hepatitis (Shrestha, 1991). 

The first well documented epidemic of water-borne hepatitis occurred in 

New Delhi in1955-1956 (Viswanathan, 1957). 

In the absence of serological tests for hepatitis it was then believed to be 

caused by hepatitis known at that time. When the stored sera from the 

epidemic were examined 25 years later ,these were found negative for 

serological tests of acute HAV and hepatitis B virus(HBV) infection and 

the outbreak was labeled as epidemic non-A, non-B hepatitis (Wong et 

al.,1980). 

In1980 Khuroo reported a waterborne outbreak of non-A, non-B Hepatitis 

in Kashmir valley (Khuroo,1980). Balayan and colleagues in Moscow at 

1983 isolated a spherical 27-30nm virus-like particles (VLP) from acute 

phase stool samples by immune-electron microscopy (IEM) (Balayan et 

al., 1983).Virus like particles isolated from stool of Nepali patient with 

non-A, non-B hepatitis during 1981-1982 epidemic was transmitted to 

marmoset (Kane et al.,1994). In1990, Reyes et al succeeded  in molecular 

cloning of a portion of the genome of this virus, and name the new agent 

hepatitis E virus (Rayes et al.,1990). 

2.2. HEV genome 

Hepatits E virus has a single – stranded positive –sense RNA genome of 

7.2 kb. It consists of a short 5’ non-translated region (27 to 35 nucleotides 

in length) followed  by three partially overlapping forward open reading 
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frames (ORfs, from 5 end ORf1,ORF3,ORF2). The 3 nontranslated 

region is 65 to74 nucleotides in length, terminated with a poly (A) end 

with 150 to 200 nucleotides in length (Kabrane et al., 1999). 

The HEV genome structure in all human and animal strains is comparable 

(Tam et al., 1991). 

2.3. Open reading frame 1(ORF1) 

ORF1 begins at the 5 end of the viral genome following the 27 to35 

nucleotide long non- coding region. This gene consists of 5079 

nucleotides and codes for a non-structural protein (polyprotein) with a 

length of 1693 amino acids. ORF1 polyprotein participates in the 

replication of viral particles and the modification of structural proteins 

(Worm et al., 2002). 

2.4. Open reading frame 2 (ORF2) 

The ORF2 segment of the HEV genome comprises of 1980 nucleotides 

before a 65 nucleotide long  polyadenylated  terminal sequence at the 3 

end of the ribonucleic chain. It is separated from ORF1 with nucleotides. 

This gene encodes the main structural (If not the only) virion capsid 

protein. It is a glycoproteinof  71-88  kDa (660 amino acids; saccharide 

component lies at the N end) with a potential signal region (It contains 

high arginine and lysine concentrations) for the endoplasmic  reticulum. 

The protein is synthesized as a precursor, which is then, due to the signal 

sequence,changed into a mature protein and glycosylated at three possible 

sites. The presence of extrasaccharide is more  usual for surface proteins 

of enveloped viruses than for capsid  proteins of non–enveloped viruses 

(Zafrullah et al.,1997).  

HEV capsid protein was used to form virus-like particles (VLPs) by 

means of  baculovirus expression of the  ORF2 gene inside cells 

(Yakamawa et al., 1997). These particles have been characterized by 

means of cryo-electron microscopy and by three dimensional 
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resonstruction of the structure. ORF2 protein (between 112 to 607 amino 

acids) formed 30 homodimers in a form of icosahedra; smaller in size in 

combarison with fresh virions (Xing et al., 1999). It should be 

emphasised that the size and modification of infectious viral particle 

proteins has not been determined yet. Phylogenetic affinity of HEV to the 

rubella virus (genus alphavirus), with characteristic glycoprotein 

protrusions on the envelope (Emerson and Purcell, 2003). 

2.5. Open reading frame 3 (ORF3)                     

The last and smallest open reading frame, ORF3, is found between ORF1 

and ORF2. ORF3 overlaps the ORF1 segment by one nucleotide near its 

5 end and at the 3 end overlaps ORF2 by 328 nucleotides nucleotides 

(Wang et al., 2000). It should be noted that ORF3 does not overlap ORF1 

in HEV-T1. The start codon is 28 nucleotides behind the ORF1 stop 

codon genotype IV forms a protein of 114 amino acids; the protein size in 

tht other HEV types is 123 amino acids. The genotype group IV lacks the 

first 9 of 32 amino acids, which code for the hydrophobic domain 

associated with cytoskeleton binding. It is not known whether the ORF3 

protein is a part of a virion, or whether it is a non-structural protein. The 

protein is non-glycosylated, but phosphorylated invivo in serin-80, which 

is a residum, conserved in genotype groups I and III, but not in groups II 

and IV. Function of this protein remains obscure (Emerson and Purcell, 

2003). 

2.6. Genotypes and prevalence of human HEV strains 

The HEV genome  has  only  been  completely mapped in a few HEV 

strains, while most of them have been sequenced only partly. Based on all 

available data, phylogenetic analysis and comparison of sequences have 

been performed: these have revealed that there are four major genotypes 

of HEV: I, II, III and IV. Homology of members of the same genotype is 

presumed not to be less than 81% (Schlauder and Mushahwar, 2001). The 



7 
 

phylogenetic analysis divided HEV genotype I into five subtypes, 

genotype II into 2 subtypes, whereas genotypes III and IV were divided 

into 10 and 7 subtypes, respectively (Hagedorn, 2006). 

2.7. Classification and Phylogeny 

At least four phylogenetically distinct genotypes have been defined, 

which distribute by geographic regions . Genotype 1 includes Asian and 

African HEV strains, genotype 2 includes the single Mexican HEV strain 

and few variants identified  from endemic cases in African countries, 

genotype 3 includes human and swine HEV strains from industrialized 

countries and genotype 4 includes human and swine HEV strains from 

Asia, particularly China, Taiwan and Japan. The avian HEV was 

proposed to belong to a new genotype 5 (Haqshenas et al., 2001), but this 

has not yet been confirmed. 

A HEV genotype is dominant in a given geographic area, but not limited 

to it. For example, genotype 2 first identified in Mexico (Huang et al., 

1992) was later found on the African continent (Buissonet al., 2000). 

Recently, HEV genotype 1 was observed in Cuba in the Americas 

(Montalvo et al., 2008). Swine HEV isolates belong to either genotype 3 

or 4 (Hsieh et al., 1999), but recently genotype 1 was detected in a pig in 

Cambodia (Caron et al., 2006). Though there is inter- and intra-patient 

diversity of HEV, its relevance to viral pathogenesis is not clear 

(Grandadam et al., 2004). All HEV genotypes show varying degrees of 

intra-genome diversity (Okamoto, 2007). Some recent reports indicate an 

effect of genotype on viral transmission and disease severity. Outbreaks 

due to HEV genotype 1 and 2 are the result of efficient human-to-human 

feco-oral transmission. HEV strains of genotype 3 and 4 are maintained 

among animal species and occasionally infect humans probably due to 

inefficient cross-species transmission. This is supported by the recovery 

of HEV isolate HE-JA4 from a patient who was infected after ingestion 
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of undercooked pig liver; the sequence was identical to the swine HEV 

isolate swJL145 (Okamoto, 2007). Genotype 4 was recently shown to 

cause more severe disease than genotype 3 (Mizuo et al., 2005) and 

higher viral loads were observed for genotype 4 in a co-infected patient 

(Takahashi et al., 2002). 

2.8. HEV replication  

A model for HEV replication and gene expression was proposed based on 

similarities and sequence homology to better characterized positive strand 

RNA viruses (Reyes et al., 1993) (Fig 1). 
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Figure 1. A proposed model of hepatitis E virus replication. This model is 

based on domain homologies between hepatitis E virus (HEV) and other 

positive-stranded RNA viruses. (a) Following attachment to an as-yet-

uncharacterised receptor on the surface of hepatocytes, HEV is 

internalised and uncoated in the cytoplasm by unknown mechanisms. (b) 

The genomic protease, helicase and replicase activities. (c) The replicase 

so generated can use the positive-strand RNA as a template to synthesise 

the negative-strand replicative intermediates. Because of homology to 

alphaviral junction sequences (shown as a boxed region on the negative-
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strand RNA), it is proposed that two classes of positive-strand RNA 

species, genomic (d) and subgenomic (e), are synthesised from the 

negative-strand RNA intermediates. (f) The subgenomic RNAs are 

translated into pORF2 viral structural proteins encoded by ORF2 (and 

possibly pORF3 encoded by ORF3). (g) The structural protein subunits 

assemble into a capsid that includes the genomic positive-strand RNA to 

form progeny virions, which can infect other cells or be shed as infectious 

virus. The ORF2- and ORF3-encoded proteins might also provide other 

functions. Experimental proof for most of the steps in this model is 

awaited. Modified from Ref.(Jameel, 1999). 

2.9. Transmission 

Four modes of transmisson of HEV infection have been reported : faecal-

oral trnsmisson, food-borne transmisson, vertical transmission and Blood-

borne transmisson is rare but has been documented in some cases 

involving blood transfusion (Khuroo and Kamili, 2003; Halacet al, 2012) 

. The most common mode of transmisson of HEV, also responsible for 

the majority of the HEV infection out breaks, is through the faecal-oral 

route, usually by ingested of contaminated water. Potential exists for 

food-borne transmisson and some cases have been observed where 

consumption of raw or uncooked meat from wild boar and deer has led to 

HEV infection. Some cases of vertical (perinatal) transmisson from 

mother-to-child have been documented, particulary in India, but this is 

considered to be of minor importance as a mode of transmission for HEV 

and more investigation is required. Person-to-person transmisson and 

secondary household cases are uncommon, particulary in epidemic (poor 

hygienic) conditions. In non-endemic regions, where autochthonous cases 

have been observed, zoonotic trasmisson has been considered as the 
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likely mode of transmisson, but more investigation is required (Halac et 

al., 2012). 

2.10. Pathogenicty  

The disease caused by HEV is genarally self-limiting with symptoms 

typical of acute viral hepatitis including, jaundice, malaise, anorexia, 

abdominal pain, nausea, fever, diarrhoea, discoloured stool and/or urine, 

and hepatomegaly (Tashaleand Hu, 2011).An icteric hepatitis and 

cholestasis are also observed in some cases. Mortality rate due to 

infection by HEV have been reported to be high as 1% (Prinja et al., 

2008); however, the mortality rate may reach up to 20% in pregnant 

women with each passing trimester, making HEV infection the most 

severe hepatitis in pregnancy of all recognized hepatitis viruses. Analysis 

of serum specimens collected from volunteer blood donors shows that the 

prevalence of HEV varies from region-to-region but is higher in endemic 

countries/regions as compared to developed countries (Khuroo and 

Kamili, 2003). Hepatitis caused by HEV is clinicaly indistinguishable 

from hepatitis A disease (Dalton et al., 2009). 

2.11. Clinical finding  

Clinical features of HEV infection range from asymptomatic hepatitis to 

severe, fulminant hepatitis, which can result in liver-related mortality. 

Typical symptoms include fever, nausea, vomiting, general weakness, 

and jaundice lasting for 1 to 6 weeks after an incubation period of 2 to 6 

weeks (Panda et al.,2007).  

Hepatitis E superinfection with underlying stable chronic liver disease 

can present as acute hepatic decompensation. However, pesence of 

immunoglobulin G (IgG) anti-HEV in patients with chronic liver disease 

did not differ from that of healthy blood donors. Moreover, previous 

exposure to HEV did not result in different outcomes among patients with 

chronic liver diseases (Hamid et al., 2003).  
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HEV causes self-limited, acute hepatitis in immunocompetent hosts. 

However, persistent HEV infection accompanied by chronic hepatitis and 

liver cirrhosis has been documented in immunocompromised hosts, such 

as organ transplantation recipients (liver, kiney, or pancreas) and HIV 

infected patients (Pischke et al., 2010; Dalton et al., 2009). 

Hepatitis E in pregnancy has been reported to result in significantly 

higher mortality than in nonpregant women, especially in India or 

Parkistan, where genotype 1 and 2 HEV are prevalent. Para et al (Patra et 

al.,2007) reported that HEV infected icteric, pregnant women showed as 

significantly higher rate of fulminant hepatitis (55%), maternal mortality 

(41%), poorer ftal outcome (79%), and lower live birth (21%) than those 

of icteric, peregnant women with non HEV acute viral hepatitis (20%, 7% 

,51% and 49% respectively ). The mechanism of severe outcomes of 

HEV infection in pregnancy has not been elucidated; however, pregnancy 

induced suppression of T cell immunity and T helper 2 (Th2) skewed 

cytokine patterns as well as increased viral load may be related to poor 

outcomes (Navaneethan et al., 2008). However, HEV infected pregnant 

women in the other endemic area of Egypt, where genotype 3 is 

prevalent, did not show diffrent outcoms from those of non-pregnant 

women. Moreover, no difference in outcomes was observed between 

pregnant and nonpregnant animals in experimentally infected animals. 

Further study of the mechanism of pathogenesis during pregnancy is 

warranted (Myint et al., 2000). 

2.12. Immunity  

There is evidence that immunity following HEV infection is not short 

lived. Second attack of hepatitis E in the same person have been 

documented only in a few, and occured mostly after 5 to 10 years. Anti-

HEV IgG was found to persist for 10 to 15 years after the infection in 
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some patients. Other investigators also detected long-lived protective 

antibody levels following acute infection with HEV (Myintet al., 2000).  

2.13. Epidemiology  

Phylogenetic studies indicate at least four distinct genotype of HEV (1-4) 

based on geographical origin (Khuroo and Kamili, 2003; Halac et 

al.,2012). Genotypes 1 and 2 are considered more pathogenic, restricted 

to humans, and are responsible for the large majority of cases and 

outbreaks in endemic regions.  

Genotypes 3 and 4 are somewhat less pathogenic, infect humans, pigs,and 

other animal species ,and are generally responsible for sporadic HEV 

infection cases within endemic and non-endemic regions .Outbreaks and 

sporadic cases of HEV have occurred over a large geographic area, most 

notable in regions with poor sanitation. There have been some cases of 

food-borne HEV infections,but the majority of confirmed cases have been 

associated with the consumption of water contaminated with faeces.The 

attack rate of HEV is highest in young adults between ages of 15-

40.Males are more likely to develop clinical hepatitis when infected with 

HEV as compared to females.   

In developed countries, HEV infection is generally reported from people 

who travel to HEV endemic or epidemic areas; however ,some cases of 

locally-acquired (autochthonous) HEV infection have been observed in 

non-endemic countries including USA, Australia,France,Greece,New 

Zealand,Italyand UK.Documented epidemic outbreaks have occurred in  

Algeria , Ivory coast, Ghana, Chad, Ethiopia, somalia, Namibia, India, 

Nepal,  Pakistan, Burma, Myanmar, China, Vietnam, Indonesia, and 

Mexico (Kamar, 2011). 

2.14. Diagnostic methods of HEV  

2.14.1. Molecular detection of HEV  
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Nucleic acid-based techniques, especially nested RT-PCR and real-time-

PCR, have emerged rapidly as the method of first choice for sensitive and 

specific detection of RNA viruses. This method is very useful in research 

for the characterisation of divergent HEV strains whose serological 

responses have not been detected by some assays, especially in countries 

where infection is not endemic (Kamar, 2011). 

This molecular method consists of two or three steps (nested RT-PCR). 

The first step of RT-PCR, reverse transcription, uses specific primers, 

random hexamers or Oligo dT to rewrite viral RNA into cDNA. In the 

second or third step, PCR or nested PCR uses specific primers to amplify 

specific segments of viral RNA. Primer binding sites can be spread over 

the whole genome. However, nested RT-PCR is prone to contamination 

and virus quantification cannot be undertaken. To overcome these 

difficulties, rapid and sensitive real-time  RT-PCR assays have been 

developed for the detection of HEV RNA in clinical samples 

(Jothikumaretal., 2006). 

2.14.2. Immunologic diagnosis  

2.14.2.1. Enzyme immunoassay (EIA)  

EIA is a practical, highly sensitive and inexpensive diagnostic method for 

detection of anti-HEV antibodies. Antigenic domains have been found in 

all ORFs proteins of HEV (Khudyakov etal., 1999): 

(i) 12 antigenic domains in ORF1 (particularly in the domain of the 

putative RNA-dependent RNA polymerase). 

(ii) six antigenic domains in the ORF2 protein. 

(iii) three antigenic domains within the ORF3 protein Recombinant 

proteins, originating from the ORF2 and ORF3 C-end domain or from a 

larger ORF2 segment and complete ORF3, are used for the detection of 

IgG and IgM anti-HEV. A wider range of antigens expressed from a 

larger part of ORF2 or “capsid-like” particles are more effective in the 
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detection of antibodies in the convalescent stage of the disease rather than 

rare antigens from the ORF2 and 3 C-ends or the whole of ORF3 

(Krawczynski and Bradly,1989). Synthetic peptides may also be used as 

antigens; however, antibodies cannot be reliably detected in the 

convalescence stage due to a low sensitivity. These peptide antigens are 

usually used for the confirmation of the EIA result with recombinant 

proteins and for the exclusion of non-specific reactions. Their use might  

increase the reaction specificity and determine the genotype group of 

HEV in the acute stage of hepatitis  (Worm etal.,2002). 

2.14.2.2. Immune fluorescence microscopy (IFM)  

A few specialised laboratories use this technique for the detection of 

antibodies. IFM detects antibodies that react against the HEV antigen 

semiquantitatively. Anti-HEV antibodies block the binding of 

fluorescein-conjugated anti-HEV IgG to HEV antigen in frozen liver 

tissue. The concentration of anti-HEV antibodiesis estimated 

semiquantitatively (Krawczynskiand Bradly, 1989). This method is 

laborious and expensive and thus not useful for routine diagnosis. 

2.14.2.3. Immune electron microscopy (IEM)  

IEM detects VLPs in clinical specimens (Balayan etal.,1983). HEV 

particles are precipitated with the native antibody to HEV derived from 

acute- or convalescent-phase sera. Anti-HEV antibodies concentrations 

can be determined semiquantitatively by rating the antibody coating. 

Although IEM is a superior technique for specificity, the sensitivity of the 

assay is insufficient for routine analysis. IEM is difficult to perform and 

most clinical specimens do not contain sufficient VLPs to be detected 

(Yarbough,1999). Other antigen detection methods have not been 

reported (Anderson and Sherestha,2002). 

2.14.3. Virus isolation 
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Establishment of a practical cell culture system to allow the propagation 

of HEV in vitrois vital for virological characterisation as well as for 

diagnosis and prevention of HEV infection. Several in vitro culture 

systems, such as human lung, kidney or liver (2BS, A549, Hep-G2) and 

macaques hepatocytes for HEV replication have been reported. Most of 

these, however, cannot provide authentic HEV particles or a high titre of 

VLPs and have poor reproducibility (Wormetal., 2002). Currently there is 

no reliable cell culture system for HEV. 

2.15. Treatment and vaccines for hepatitis E  

There is no specific antiviral therapy for hepatitis E, and supportive care 

is the main therapy. However, specific anti viral treatment is required in 

severe or persistent hepatitis in immunocompromised host (Kamar e 

tal.,2010) reported that pegylated interferon could induce sustained 

virological  response in the post transplantation setting.    

To date,2 type of HEV vaccine have been developed. The first vaccine 

produced by GlaxoSmithKline is a genotype 1 recombinant HEV protein 

vaccine prepared by a recombinant baculovirus system containing capsid  

antigen with aluminium hydroxide as an adjuvant;the vaccine efficacy 

was reported as 95.5% after three doses in a phase 2 clinical trial 

including 5,323 members of the Nepalese Army and the U.S. Army 

(Shreshaetal.,2007). The second HEV vaccine (HEV 239, Hecolin),which 

is a genotype 1 recombinant HEV capsid protein vaccine prepared by a 

recombinant E. coli system and adsorbed with aluminium  hydroxide, was 

developed by Xiamen Innovax Biotech in China; the vaccine efficacy 

after 3 doses was reported as 100% in a phase 3 trial including 11,165  

Chinese participants (Zhang et al., 2009) Travelers from areas of low-

endemicity to highly endemic areas should be protected from HEV 

infection using the above vaccine. Although universal vaccination of 
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children in highly endemic areas would be highly effective, specific 

program or strategies for HEV vaccination of children in highly endemic 

areas would be highly effective, specific programs or strategies for HEV 

vaccination should be developed. 

2.16. Prevention of Hepatitis E  

In the endemic areas HEV is a predominantly a waterborne infection, 

spread by sewage contamination of drinking water. Provision of safe 

drinking water in urban areas in developing countries is a challenging 

task. Efficient chlorination of the water at the treatment sites should be 

insured. Care should be taken toprevent contamination of drinking water 

supply system from sewage during construction of road and house.  

 

 

  

  

  

  

  

  

  

3. Materials and Methods 

3.1. Study design 
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This study isdescriptive cross sectional study to investigate prevalence of 

HEV  among pregnant women in Khartoum State. 

3.2. Study area 

This study was conducted in Khartoum Teaching Hospital. 

3.3. Study population 

Pregnant women attending Khartoum Teaching Hospital. 

3.4. Study period 

This study was conducted during the period from April to August 2014. 

3.5. Sampling technique 

The study was based on non–probability convenience sampling technique 

during attendance of pregnant women to Khartoum Teaching Hospital. 

3.6. Sample size  

A total of ninety blood samples (n=90) were collected from pregnant 

women. 

3.7. Sample processing  

All the collected blood samples were tested for the presence of anti-

HEVIgM and IgG antibodies using the commercially available ELISA 

kit. 

3.8. Inclusion criteria 

Pregnant women were included in this study. 

3.9. Exclusion criteria 

Non pregnant women were excluded from this study. 

3.10. Data collection  

Personal data were obtained by direct interviewing questionnaire from 

each subject (appendix). 

 

3.11. Data analysis  

Collected data were analyzed by a computer system using 

statisticalpackagefor social sciences (SPSS-s) program usingthe Chi-
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square testand crosstabulation. Statistical significance was set at 

P.values< 0.05.  

3.12. Ethical consideration  

Permission to carry out the study was taken from the College of Graduate 

Studies, Sudan University of Science & Technology. All subjects 

examinedwere informed for the purpose of the study before collection of 

the specimens and verbal consent was taken from them.  

3.13. Laboratory work 

All serum samples were analyzed for specific anti-HEV IgM and IgG 

using enzyme-linked immunosorbentassay (ELISA). 

Separate serum from blood sample by 3000 round per Min for 10 Min. 

3.13.1. ELISA for detection of anti-HEV IgM 

3.13.1.1. Principle 

Thiskit is two-steps incubation, solid-phase antibody capture ELISA 

assay in which polystyrene microwell strips are pre-coated with 

antibodies directed to human immunoglobulin M proteins (anti-μ 

chain).The patient`s serum/plasma sample is added, and during the first 

incubation step, any IgM-class antibodies will be captured in the wells. 

After washing out all the other substances of the sample and in particular 

IgG-class antibodies, the specific HEV IgM captured on the solid phase is 

detected by the addition of recombinant HEV ORF2 antigen conjugated 

to the enzyme hoseradish peroxidase (HRP-conjugate). During the second 

incubation, the HRP-conjugated antigens will specifically react only with 

HEV IgM antibodies. After washing to remove the unbound HRP-

conjugate, chromogen solutions are added into the wells. In the presence 

of (anti-μ) – (anti-HEV-IgM) – (HEV Ag-HRP) immunocomplex, the 

colorless chromogens are hydrolyzed by the bound HRP-conjugate to 

blue-colored product. The blue color turns yellow after stopping the 

reaction with sulfuric acid. The amount of color intensity can be 
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measured and is proportional to the amount of antibody captured in the 

wells, and to the amount of antibody in the sample respectively. Wells 

containing samples negative for IgM remain colorless(Wantai, China). 

3.13.1.2. Procedure 

Reagents preparation 

The reagents and samples were allowed to reach room temperature (18-

30ºC) for 15-30 minutes.The stock wash buffer had been diluted 1 to 20 

with deionized water. 

Numbering the wells 

The strips needed were set in strip holder and sufficient number of wells 

including one blank (A1), three negative control (B1, C1, D1) and two 

wells as positive control (E1, F1) were numbered. 

Adding diluent 

Hundred µl of specimen diluent were added into each well except the 

blank. 

Adding samples 

Ten µl of samples, positive and negative controls were added into their 

respective wells except the blank. 

Incubation of samples 

The plate was covered with the plate cover and incubated for 30 minutes 

at 37° C. 

Washing (1) 

After the end of the incubation, the plate cover was removed and 

discarded. Each well was washed 5 times with diluted washing buffer. 

Each time the wells were allowed to soak for 30-60 seconds. After the 

washing cycle, the plate was turn down onto blotting paper to remove any 

remainders.  
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Adding HRP-Conjugate 

Hundredµl of HRP-Conjugate reagent were added into each well except 

the blank. 

Incubating HRP-Conjugate 

The plate was covered with the plate cover and incubated for 30 minutes 

at 37° C. 

Washing (2) 

The plate cover was removed and discarded.Each well was washed 5 

times with diluted washing buffer. Each time the wells were allowed to 

soak for 30-60 seconds. After the washing cycle, the plate was turn down 

onto blotting paper to remove any remainders.  

Coloring 

Fifty µl of Chromogen A and 50 µl of Chromogen B (Tetramethyl 

benzidine dissolved in citric acid) were added into each well including 

blank. The plate was incubated at 37ºC for 15 minutes with avoiding 

light. Blue color was developed in Positive control and HEV IgM positive 

sample wells. 

Stopping Reaction 

Fiftyµl of Stop solution were added into each well and mixed gently. 

Intensive yellow color was developed in positive control and HEV IgM 

positive sample wells. 

Measuring the absorbance 

The absorbance was read at 450nm using ELISA reader. 

3.13.1.3. Calculation of the resultsand quality control 

Calculation of results 

The results were calculated by relating each specimen absorbance (A) 

value to the Cut-off value (C.O) of the plate. 

Cut-off value = Nc + 0.26 (Nc = the mean absorbance value for three 

negative controls). 
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Quality control (assay validation) 

The A value of the blank well, which contains only Chromogen and Stop 

solution should be less than 0.08 at 450 nm. 

The A value of the positive control must be more than or equal 0.800 at 

450 nm. 

The A value of the Negative control must be less than 0.100 at 450 nm. 

3.13.1.4. Interpretation of the results 

Negative results 

Samples giving A value less than cut-off value are negative for this assay, 

which indicates that no HEV IgM antibodies have been detected with 

Wantai HEV-IgM ELISA kit, therefore there are no serological 

indications for current infection with HEV. 

Positive results 

Samples giving A value which is equal to, or greater than cut-off valueare 

considered initially reactive, which indicates that IgM-classantibodies to 

hepatitis E virus have probably been detected using this HEV-IgM 

ELISA kit. 

Borderline 

Samples with A value to cut-off ratio between 0.9 and 1.1 are considered 

borderline and retesting of these specimens in duplicates is required to 

confirm the initial results. 

3.13.2. ELISA for detection of anti-HEV IgG 

3.13.2.1. Principle 

Bioelisa HEV IgG is an immunoenzymatic method in which the wells of 

a microplate are coated with three recombinant Hepatitis E antigens from 

the structural region of the Hepatitis E virus. Test specimens, diluted in 

diluents buffer, are incubated in these coated wells. HEV if present, will 

bind to the solid phase HEV antigens. The wells are thoroughly washed 

to remove unbound materials and a goat IgG anti-human IgG labeled with 
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peroxidase is added to the wells. This labeled antibody will bind to 

antigen-antibody complexes previously formed. Any excess unbound-

labelled antibodies are removed by washing. After washing, an enzyme 

substrates solution containing a chromogen is added. This solution will 

develop a blue colour if the sample contains anti-HEV IgG. The blue 

colour changes to yellow after blocking the reaction with sulphuric acid. 

The intensity of the colour is, in general, proportional to the anti-HEV 

IgG content of the test sample (Biokit, Barcelona, Spain). 

3.13.2. 2. Procedure 

Reagents preparation 

The reagents and samples were allowed to reach room temperature (20-

25° C) and gently mixed.The stock wash buffer had been diluted 1 to 20 

with deionized water and working conjugate was prepared. 

Numbering the wells 

The strips needed were set in strip holder and sufficient number of wells 

including one blank (A1), three negative control (B1, C1, D1) and two 

wells as positive control (E1, F1) were numbered. 

Adding diluent 

Hundred µl of specimen diluent were added into each well except the 

blank. 

Adding samples 

Ten µlof samples, positive and negative controls were added into their 

respective wells except the blank. 

Incubation of samples 

The microplate was covered with the adhesive seal and incubated for 30 

minutes at 37° C. 

 

Washing (1) 
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After the end of the incubation, theadhesive seal was removed and 

discarded. Each well was washed 5 times with diluted washing buffer. 

Each time the wells were allowed to soak for at least 15 seconds. After 

the last washing, the microplate was turn down onto absorbent tissue to 

remove any excess liquid from the wells. 

Adding HRP-Conjugate 

Hundredµl of diluted conjugate reagent were added into each well except 

the blank. 

Incubating HRP-Conjugate 

The plate was covered with an adhesive seal and incubated for 30 minutes 

at 37° C. 

Washing (2) 

Theadhesive seal was removed and discarded. Each well was washed 5 

times with diluted washing buffer. Each time the wells were allowed to 

soak for at least 15 seconds. After the last washing, the microplate was 

turn down onto absorbent tissue to remove any excess liquid from the 

wells. 

Coloring 

Hundredµl of substrate-TMB solution were addedintoeach well including 

blank.The plate was incubated for 15 minutesat   

room temperature (20-25° C). 

Stopping Reaction 

The reaction was stopped by adding 100 µl of stopping solution. 

Measuring the absorbance 

The absorbance was read at 450nm using ELISA reader. 

 

 

 

3.13.2.3. Calculation of the resultsand quality control 
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Calculation of the results 

The results were calculated by dividing the sample absorbance by theCut-

off value (C.O) of the plate. 

Cut-off value = Nc + 0.500 (Nc = the mean absorbance value for three 

negative controls). 

Quality control 

Substrate blank : absorbance value must be less than or equal to 0.100. 

Negative control: each individual absorbance value must be less than or 

equal to 0.100 after subtracting the blank. 

Positive control: each individual absorbance value must be more than or 

equal 0.700 after subtracting the blank. 

3.13.2.4. Interpretation of the results 

Negative results 

Ratio absorbance/cut-off < 0.9 

Positive results 

Ratio absorbance/cut-off ≥ 1.0 

Equivocalresults 

Ratio absorbance/cut-off ≥ 0.9 < 1.0  

 

 

 

 

 

 

 

 

 

4. Results  
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4.1. Seroprevalence of HEV among pregnant women 

Figure 4.1 demonstrates that out of the 90 pregnant women, 13 (14.5%) 

were positive for HEV IgM. Figure 4.2 also expla 41(45.6%) out of 90  

samples were positive for HEV IgG.  

4.2. Duration of pregnancy among positive pregnant women  

Table 4.2 displays that duration of pregnancy in first trimester 7(7.7%) 

were positive for IgG and 2(2.3%) for IgM, in second trimester 

15(16.6%) were positive for IgG and 5(5.6%) for IgM and third trimester 

19(21.1%) were positive for IgG and 6(6.6%) for IgM. 

4.3. Distribution of age groups among positive pregnant women  

Table 4.3 displays that distribution according to age it was found that 

19(22%) were positive for IgG and 7(7.7%) for IgM among age group 

(15-25years), 14(17%) were positive for IgG and 4(4.4%) for IgM among 

age group (26-35) and 8(10%) were positive for IgG and 2(2.2%) for IgM 

among age group (36-45). 

  

  

  

  

  

  

  



27 

 

Figure 4.1. Frequency of HEV IgM among pregnant women  

  

  

Figure 4.2. Frequency of HEV IgG among pregnant women  
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Table 4.2: Frequency of IgG and IgM among positive pregnant 

women related to duration  

  

IgM 

  

IgG  

  

  

Daration 

 
Negative Positive Negative  Positive  

%  No  %  No %  No  %  No 

  

  

24.4 

  

  

22 

  

  

2.2 

  

  

2 

  

  

15.5 

  

 

14 

  

  

7.7 

  

  

7 

  

  

1st trimester  
 

  

  

32.2 

 

 

29 

  

  

5.6 

  

  

5 

  

  

20 

  

  

18 

  

  

16.6 

  

  

15 

  

  

2 nd  trimester 

  

  

  

28.9 

  

  

26 

  

  

6.7  

  

  

6 

  

  

18.9 

  

  

17 

  

  

21.1  

  

  

19  

  

  

3rd trimester 

  

  

  

85.5 

  

  

77 

  

  

14.5 

  

  

13 

  

  

54.4 

  

  

49 

  

  

45.6 

  

  

41 

  

  

Total  
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Table 4.3:Frequency of IgG and IgM among positive pregnant 

women  related to age  

  

IgM 

  

IgG  

  

  

Age group 
Negative Positive Negative  Positive  

%  No  %  No %  No  %  No 

  

48.8 

 

  

44 

 

  

7.7 

 

  

7 

 

  

24.5  

 

  

22 

 

  

21.1 

 

  

19 

 

  

15-25  

 

  

  

23.3 

 

 

21 

  

  

4.5 

  

  

4 

  

  

18.9 

  

  

17 

  

  

15.5 

  

  

14 

  

  

26-35  

  

  

13.3 

  

  

12 

  

  

2.3  

  

  

2 

  

  

11.1 

  

  

10 

  

 

8.8 

  

  

8 

  

  

36-45  

  

  

85.5 

  

  

77 

  

  

14.5 

  

  

13 

  

  

54.5 

  

  

49 

  

  

45.5 

  

  

41 

  

  

Total 
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Discussion 

The interaction of Hepatitis E and pregnancy is fascinating and has 

provided new insights into the pathophysiology and understanding of the 

immunology and host susceptibility factors and their interaction to 

produce the disease processes.The severe liver injury due to HEV 

infection during pregnancy may be related to several possible factors, 

such as differences in immune and hormonal factors occurring during 

pregnancy, the genetic and environmental factors with its occurrence in 

certain developing countries (Navaneethan et al., 2008).  

This study showed very high overall frequency rates for IgG (41.1%) of 

HEV antibody among pregnant women. The overall frequency of HEV 

among pregnant women attending Khartoum Hospitals was higher than 

that found in Darfur, Western-Sudan (31.1%) and lower than in Egypt 

(84.3%) and India (60%) (Boccia et al., 2006; Stoszek et al., 2006; 

Patraet al., 2007). 

Significant relation also could be seen between trimester of pregnancy 

and HEV antibody positivitydemonstrating that highest rate of anti HEV 

was obtained in second trimester, this agreed with Tabarraei et al (2011) 

and Al-Tayeb et al (2014). Also highest rate was obtained in third 

trimester, this is also agreed with Al-Tayeb et al (2014) and Adjeiet al 

(2009), this may be due to low immune status of the pregnant women that 

increases with trimester. The prevalence was found to be decreased with 

age, this was agreement with Al-Tayeb et al (2014) and disagreement 

with Adjeiet al (2009). 

Recently HEV screening program has been recommended as part of the 

routine in several countries. The antenatal screening program also should 

be performed to minimize prenatal HEV transmission to take further 

precaution to protect fetus’s life (Weber and Taylor, 1996). 
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Conclusion 

The present study concluded that 45.6% for IgG and 14.5% for IgM were 

detected among pregnant women in Khartoum State. This study 

revealsthat HEV infection was more in second and third trimester than 

first trimester among pregnant women. The prevalence of the virus 

decrease with the increase in age. 

Recommendations 

1. Education of pregnant women to raise their awareness of attention 

to good hygiene to reduce the chances of infection. 

2. Increase awareness of HEV infection amongst women during the 

period of pregnancy. 

3. Attention of the increase of the virus during the productive age of 

the women. 

4. The use of advanced techniques for diagnosis of virus like PCR. 
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