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Abstract
Hepatitis E and Hepatitis A virus both are highly prevalent in Pakistan mainly present as a sporadic disease. The aim of the 
current study is to isolate and characterized the specific genotype of Hepatitis E virus from water bodies of Faisalabad, 
Pakistan. Drinking and sewage samples were qualitatively analyzed by using RT-PCR. HEV Genotype 1 strain was recovered 
from sewage water of Faisalabad. Prevalence of HEV and HAV in sewage water propose the possibility of gradual decline 
in the protection level of the circulated vaccine in the Pakistani population.
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BACKGROUND

Hepatitis E virus (HEV) infection is perhaps the most 
recurrent acute viral hepatitis (VH) infection around the 
world. It is anticipated that one-third of the population 
living in developing countries has been infected with HEV 
[1]. Worldwide spread of HEV has been strongly associated 
with the socioeconomic status of the populations; and 
seroprevalence is reported highest in populations living in poor 
sanitation conditions. High endemic areas include Central 
and South East Asia with 20% of anti-HEV seroprevalence 
among the general population of China, 45% in rural areas 
of Malaysia and 20% in India [2, 3]. Both HEV and HAV 
are small non-enveloped single-stranded RNA viruses with 
higher stability in environment. HAV and HEV are mainly 
transmitted through the fecal-oral route; HAV is acquired 
primarily through close personal contact and food borne 
outbreaks, while most common route of transmission for 
HEV is probably food borne. HEV is acquired either through 
drinking water contaminated with feces from infected 
individuals or animals, or via intake of meat from infected 
animals [4, 5]. HAV has worldwide distribution, but epidemics 
of HAV are rare. HAV generally effects infants and young 
children but HEV affects older children and young adults [6].
The mortality rate of HEV is normally low (< 1%), however 
this infection could bear serious consequences for pregnant 
women; mortality rate among this group is reported up to 
20–25% [7]. The severe course in pregnant women might result 
from hormonal and immunologic features of pregnancy [8]. 
Reduced expression of the progesterone receptor is predicted 
as one of the possible reason associated with fatal outcomes 
from hepatitis E in pregnant women [9]. HAV infection in 
infants and young children is mostly asymptomatic, however 

among adolescents and adults, travelers, homosexual men 
and injectable drug users HAV infection causes more-severe 
clinical disease including jaundice [10]. Acute HAV hepatitis 
during the third trimester of pregnancy is linked to a high 
risk of gestational complications (69%) and is associated with 
preterm labor. There are handful of reports showing direct 
correlation between the gestational age and HAV infection; 
HAV is accountable for the early labor and associated fever and 
hypoalbuminemia are recommended as markers for a more 
hostile course of disease, leading to pregnancy complications, 
thus HAV assessment and maternal vaccination during pre-
pregnancy evaluation is recommended in areas of the world 
in which susceptible adult populations exist [11].

Different HEV genotypes are prevalent around the 
globe. HEV isolates are divided into 4 genotypes and more 
than 24 subtypes [12]. HAV is divided into seven different 
genotypes (I-VII), which infect human (I-III) and simian 
(IV-V) [13]. HAV and HEV are an important public health 
concerns in Pakistan [14]. Previous reports from Pakistan 
indicate extensive diversity among HEV isolates SAR-55 
(87-Pakistan-A), Abb-2B (88-Pakistan) and 87-Pakistan-B 
has been reported. All these three strains belong to HEV 
genotype 1 with 90% sequence homology [15, 16]. To our 
knowledge, no HEV and HAV isolates has been characterized 
from Faisalabad, Pakistan to date. In this regards we collected 
75 water samples from highly congested communities of 
the town. Our study reveals that genetic variations exist 
in different HEV strains however HEV-1 genotype is 
predominant in the population. The nucleotide sequence 
analysis revealed presence of genotype 1 of HAV.

MATERIALS AND METHODS

Water samples
Seventy five water samples were collected from May 2013 to 
October 2013 from Faisalabad, Pakistan. One liter surface 
water samples were collected; 10 samples from open ponds, 
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20 samples from canals. Two liter tap water samples were 
collected; 20 samples from storage containers used for 
drinking and 20 samples from domestic uses in different 
communities. Physical parameters like temperature and pH 
were recorded. Samples were immediately transported in ice 
boxes to the laboratory for further processing.

Virus concentration
To flocculate the viruses, pH was adjusted to 3.5 with 1N HCl 
and then 0.0015N aluminum chloride was added, stirred gently 
at room temperature for 30 minutes. The water samples were 
passed through negatively charged membrane filters 47mm 
diameter, 0.45µm pore size (Millipore, USA). Membrane was 
wash with 0.14M NaCl, pH 3.5, the viruses were eluted by 
adding 2.9% tryptose phosphate broth containing 6%glycine, 
pH 9. Elutes were adjusted to pH 7–7.4 with 4N HCl and were 
concentrated by using DNA concentrator.

RNA extraction
RNAs were extracted by using QIAmp viral RNA extraction 
Kit (QIAGEN, Switzerland).

Primer designing
There are two sets of primer (Tab.1) i.e primer set for 1–9 is 
designed from ORF2 and is used to distinguish between the 
four genotypes of HEV and primer set 10 & 11 is used for 
the detection of HAV from water samples.

PCR amplification and genotyping of HEV and HAV
The extracted RNA was used to amplify HEV and HAV genome 
segment using specific primes as describe above. The RT-
PCR amplification was performed according to the program 
described previously [14].Sewage water samples were mainly 
tested for HAV. The temperature of water was in the range 
of 25 to 28ºC and pH was in the range of 6.5–7.8. Primer set 
10–11 was used for the detection of HAV from water samples. 
Similar PCR program was used for HAV amplification as the 
product size of both were not vastly different.

Polygenetic Analysis
The PCR products of positive samples were run on 2% 
agarose gel prepared in 0.5× TBE buffer and purified were 
purified by gel purification kit (Invitrogen, USA) according to 
manufactures’ protocol and were sequenced by DNA Genetic 
Analyzer (Beckman Coulter, USA) as described earlier [17]. 
The open reading frame (ORF2) of HEV sequences were 
retrieved from NCBI GeneBank considering genome from 
diverse population including Hetian, China, Ugih, Pakistan 
etc. Two of our sequences from Faisalabad district, Pakistan 
were analyzed by using CLC Sequence viewer version 7.5. The 
phylogenetic tree was then constructed by neighbor joining 
method. The boot strap value was set to 100.

RESULTS

Specific PCR primers were used for the molecular detection of 
HEV and HAV from water samples. Our results revealed that 
HEV genotype 1 is most prevalent genotype in Faisalabad, 
Pakistan.

Sewage water samples were particularly tested for HAV. 
Only 3 out of 20 sewage water samples showed positive result 
for HAV. Both HEV and HAV showed negative results for 
tap water, but sewage water showed positive results both for 
HEV and HAV, which reflect prevalence of both viruses in 
the community. Positive samples appeared mostly from those 
areas which were thickly populated and belonged to poor 
communities (Fig.1). In order to explore the evolutionary 
relationship, HEV sequenced data were analyzed against 
several other HEV genotypes 1 sequences available in NCBI 
Gene data bank by using CLC Sequence Viewer 7.5 software 
package. Our results indicate presence of two separate clad 
(Clad 1 & 2) in the selected sequences (Fig. 2) interestingly 

Table 1. HEV primer set for genotypes (1–4) assessment: number of 
nucleotide (Nts) or size of each primer and nucleotide positions are 
shown in the table

Sr. 
No

Name Sequence (5’-3’)
Size 

(Nts.)
Nucleotide 

Position

1 HEV cDNA CCGTCCTGGCCCTTCTCGACCA 22 4066–4088

2 HEV G1FP CCCAGCGCCTTTCGCTCACCGG 22 1978- 2000

3 HEV G1RP GAGCCCACCGCCAGGGCGGTGG 23 2431–2454

4
HEV
G2 FP

CAGCGCCAGTCGGTTATTGGTA 22 1981–2003

5
HEV
G2 RP

GCCCGCCACCAGGGCGGTGGCC 22 2424–2446

6
HEV
G3 FP

CCAGCCTTCCTGAGCCTCCACC 23 2324–2346

7
HEV
G3 RP

GCTCATCGCCGGGGCGGTGG 20 2769–2789

8
HEV
G4 FP

CCC CGG GTA ATC CTG TTA TTG 
AGT CTG TTC

30 2001–2031

9
HEV
G4 RP

GGCCACCACCAGGGCGGTGGCCC 23 2491–2514

10 HAV FP GTTTTGCTCCTCTTTATCATGCTATG 26 2109–2135

11 HAV RP GGAAATGTCTCAGGTACTTTCTTTG 25 2330–2355

662

Figure 1. Amplification of HEV and HAV from sewage water sample of Faisalabad, 
Pakistan. Lane 1 to 2 showing 250bp of HAV bands, lane 3 and 4 shows negative 
control, lane 5 to 9 represents the HEV positive sample with 375bp amplification, 
Lane M showing 100bp molecular marker

Figure 2. Rooted phylogenetic tree of HEV Genotype 1 (ORF2) was constructed 
using CLC sequencer viewer 7.5 by neighbor joining method. This phylogenetic 
tree based on partial sequence of HEV isolate form Faisalabad, Pakistan Accession 
number (KP226699, KP226700) and other representative sequences were retrieved 
from NCBI GeneBank. Bootstrap value was set to 100.
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two Pakistani HEV isolates previously reported from 
Lahore region were aligned on Clad 2 (Pak-L7 (FJ959399), 
Pak-L11 (FJ959398), while both sequences from present study 
clustered on Clad 1.

DISCUSSION

In Pakistan there are all types of hepatitis from A to E, 
with maximum morbidity in HEV and HAV and maximum 
mortality rate associated with HBV, HCV and HDV. The aim 
of this study was to evaluate the disease burden of HEV and 
HAV which can provide the road map for the policy makers 
in the underdeveloped country like Pakistan to make strategy 
for the prevention and control of this disease. HAV causes 
50–60% acute hepatitis especially in children under less than 
12 year of age. There is vaccine available for its prevention, 
two doses of vaccine are recommended for lifelong immunity, 
but its use is suggested for the visitor coming from endemic 
areas [18] and is not part of the routine vaccination. HEV 
is mainly asymptomatic, however HEV acquired in the late 
trimester of pregnancy is associated with high (30%) maternal 
or fetal mortality [19].

PCR techniques is one of the most reliable and sensitive 
tool for the detection of HEV and HAV in water samples. 
Low density of virus in water makes it possible to improve 
the variety of concentration methods for the isolation of HEV 
and HAV from water sources. In present study, we adopted 
negatively charged membrane filters (0.2 to 0.45µm pore size) 
(Millipore, USA). Negatively charged membrane filter is one 
of the best and cost effective methods for the concentration 
of different viruses from the environmental samples [20].

This study reports prevalence of HEV and HAV in sewage 
water which was collected from the highly congested 
populated areas, most inhabitants of these areas belonged 
to low middle socioeconomic group. In these areas domestic 
sewage flowed though nearby unlined open water channels. 
When water pipe line are very close to sewage channels, due 
to poor drainage system there is always a possibility of cross 
contaminations resulting in the outbreak of these viruses in 
the adjacent communities since both viruses are transmitted 
though fecal-oral route [11]. None of the tap water sample was 
positive for these viruses but three sewage samples proved 
to be positive both for HEV and HAV and may still pose 
risk factor via direct contamination of food/water or hands.

HEV mostly affect adult population in Pakistan, all of small 
epidemics have been reported due to poor sanitary condition 
[14]. Out of 75 total samples only three sewage samples were 
found positive for HEV which belonged to genotype 1. The 
phylogenetic analysis of the sequences as shown in Figure 
2 clearly divided the studied sequences into Clad 1 & 2. 
Clad 1 consist of sequence from Asian origin, interestingly 
two previously reported Pakistani HEV isolates aligned on 
Clad 2 (Pak-L7 (FJ959399), Pak-L11 (FJ959398) [21]. Both 
isolates in the current study were retrieved from Faisalabad 
district, one of the biggest economic hub of Pakistan, belongs 
to HEV Genotype 1 are clustered on clad 1.These isolates 
are similar to SAR-55 (M80581) which is reported from 
geographically far areas from Faisalabad and are distinct 
from Pak-L7 (FJ959399) in clad 2; previously isolated from 
Lahore [21]. SAR-55 is formerly reported main endemic 
strain in the various regions of Pakistan; perhaps inter travel 
within these region might be the cause of HEV in Faisalabad 

district. Thus our results are in line with the previous reports 
which are clearly indicated by the phylogenetic tree (Fig. 2).

Another important finding in this study is the prevalence 
of HAV along with HEV. All of the surface water taken from 
canal and other domestic sources used for drinking were 
negative for HAV; however, out of 20 sewage water samples 
tested for HAV only three (15%) were positive both for HEV 
and HAV (Fig. 1). This co existence is due to the common rout 
of transmission (fecal oral rout) along with the poor sanitary 
condition in the surrounding areas. Contaminated food and 
water supplies increase the chances of outbreak in the thickly 
populated low socioeconomic areas of Pakistan. HEV in 
Pakistan has remained at a stable nonexpanding stage from 
1970 to the year 2005, followed by an explosive emergence 
of new HEV variants. There is stern need to be conscious 
about the dissemination of the variant strains to other areas 
of Pakistan may lead to fiery HEV outbreaks [22]. A recent 
Outbreak of Hepatitis-A causing hundreds of infected people 
in Swat was ascribed to poor hygiene in the Swat area. The 
source was attributed to a polluted stream running along 
the area that receives all sanitation lines throughout the 
Mingora Bazaar; possibly this stream had contaminated 
the ground water; the major source of drinking water used 
in the area [23]. Thus the sporadic occurrence of HEV and 
HAV suggest the existence of potential threat of HEV and 
HAV in Faisalabad area, particularly to inhabitants of highly 
populated areas.

CONCLUSION

To prevent the outbreak of water born diseases in surrounding 
communities especially in big cities, it is necessary to keep 
water supplies free from fecal contamination. Regular 
assessment of water in domestic use should be implemented 
along with an assessment of viral risk potential of sewage 
water. In Pakistan, there is no system available to track 
the quality of water particularly with reference to viral 
contaminations. Here we suggest a regular water monitoring 
system for public health safety to avoid any out breaks in 
future.
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