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A B S T R A C T  
Back ground: Hepatitis Enteric Virus (HEV) is the ca usal agent of hepatitis E in 

humans and the main rout of transamination by environmental factor as food and water. 
Hepatitis E virus (HEV) is the member of genus Hepeviru s in the Hepeviridae family, 
is the causative agent of fulminant or self-limited hepatitis . HEV as water born viruses 

is considered the main factor in pollution of water and cause the serious public health 
problem and associated with many risk factors. Water polluted by Enteric Viruses due 
to contaminated with sewage and out of farms. Longitu dinal studies have provided 

results of the highly important rout of HEV transmission by farms. Unfortunately, in the 
developing countries with poor sanitation and uncont rolled water supply the most 
endemic hepatitis HEV in human causes by genotype 1 and 2. HEV strain which is 

zoonotic origin considered by genotype 3 and 4 in both d eveloping and industrialized 
countries. The prevalence rate of HEV seropositive in peo ple with continues exposure 
to pigs and its farmer’s more than in general human population. Many meta-analysis 

studies proved that pigs are the main source of zoonotic H EV-RNA genotype 3 and 4. 
Prohibiting dumping of farm waste into water supplies an d using specific and sensitive 
quantification methods in water treatment will help in the control of virus spread. 

Objective: In this study used molecular detection of Hepatitis E virus for detection the 

prevalence of HEV in water samples. Water samples fr om different water treatment 
station in Cairo and irrigation water were concentrated HE V by adsorption/elution and 

quantification HEV-RNA in water samples by used nest ed reverse-transcription PCR 
(RT- nPCR). Results: From all 120 water samples were collected from different sits; 35 
(29.16%) samples were positive for HEV- RNAwhich detected by RT-PCR and Nested-

RT-PCR (through two methods using different primer sequence); where 13 positive 
sample from first round RT-PCR and tested all negative sample in second round by 
Nested-PCR (using two different pair of inner an d outer primers) was detected 22 

positive sample for HEV- RNA. IgG anti-HEV occurre d with high level in samples 
studded. Conclusion: This paper has shown that using nested reverse-transcription PCR 
(RT- nPCR) in quantification HEV-RNA in water more sensitive where the percentage 

of positivity accelerated to the IgG anti-HEV is high leve l with more than 70% of the 
general population positive.  
  

INTRODUCTION 

 
HEV is called hepatitis E, or enterically transmitted non-A non-B hepatitis (ET- NANBH); other names 

include fecal-oral non-A non-B hep atitis, and A-like non-A non-B hepatitis and is trans mitted by the fecal-oral  
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route, waterborne and person-to-person spread (Daizy et al., 2014; Ulrike et al. 2015).HEVis prevalence in 

many developing countries of Asia and Africa and is also endemic in many industrialized countries including 

the United States and several European countries (Morgane et al. 2017). The overall mortality of hepatitis E is 

less than 1% in the general population, but it can reach up to 28% in infected pregnant women and 

immunecompromised patients (Purcell and Emerson,2008 ; Ulrike et al. 2015). HEV is a small, non-enveloped, 

single-strand, positive-sense RNA virus of approximately 7.2 kb in size; is classified in the family 

Hepeviridaewhich consisting four major genotypes that infect humans and other animals; Genotypes 1 and 

2HEV are restricted to humans and often associated with large outbreaks and epidemics in developing countries 

with poor sanitation conditions, whereas genotypes 3 and 4 HEV infect humans, pigs and other animal species 

(Dell’Amico et al., 2011) and are responsible for sporadic cases of hepatitis E in both developing and 

industrialized countries (Meng et. al., 2008; Steyer et al., 2011). HEV genome has three open reading frames: 

ORF1 encodes non-structural proteins, ORF2 encodes the capsid protein, and the ORF3 encodes a small 

phosphor-protein; ORF2 and ORF3 are translated from a single bicistronic mRNA and overlap each other but 

neither overlaps ORF1(Graff et. al., 2006; Danielle and Xiang 2013). The prevalence of IgG anti-HEV is very 

high in some developing countries such as Egypt with more than 70% of the general population positive for IgG 

anti-HEV (Stoszek et. al., 2006; Hoofnagle et al., 2012; Morgan et al., 2017), so in this study the result was 

shown sensitivity of ELISA in detection of HEV-IgG and use it as confirmatory test. Genotypes 1 and 2 HEV 

strains are restricted to the human population, while Genotypes 3 and 4 strains infect both humans and other 

animals with zoonotic transmission routes(Aggarwal, 2011). Human to human transmission of HEV is 

considered rare; although, blood-borne transmission has been reported via blood transfusion (Pavio, et. al., 

2010; Takahashi, et. al., 2013). In this study our aim was using molecular detection of water born virus HEV 

and how can detection of a waterborn RNA virus at low concentrations used nested reverse transcription–PCR 

(RT-PCR) assay. 

 

MATERIALS AND METHODS 
 

Sampling collection:  
The total number of water samples collected were 120 sample;80 samples were obtained from a local water 

treatment plant (EL-Barka, Zenine and Balaks Water Treatment Plant, Cairo); and 40 samples were collected 

from different sources of irrigation waters (EL-Giza and EL-sharkia) between January 2012 and December 

2014- Monthly. Three-liter were collected for each samples of water; Raw Water (RW)[(borehole, 

impoundments, and wastewater effluent], Partial Treated Water (WPP)[samples collected either after coronation 

or dissolved air flotation orultra filtration in a multistage purification process], Treated Drinking Water (WT)[ 

i.e., after chlorine disinfection and stabilization ] drinking water were collected at selected processing points 

from a water purification and treatment plant. All samples were collected in sterile bottles and transferred to the 

laboratory (water pollution department, National research center, Cairo, Egypt). 

 

Determination of Physicochemical:  
Physicochemical parameters of each environmental sample were determined:pH was measured using Seven 

Multi pH meter (Mettler Toledo, Switzerland), conductivity with Multiline P4, Multi Measuring device (WTW, 
Germany).Turbidity using HI 93703 Portable Microprocessor Turbidity Meter (Hanna Instruments, Portugal). 
After collection, samples were stored at 4 °C until processing (Wommack et al., 2010).Coliform detection and 

counting was performed through Colilert
®

 commercial kit (Idexx Laboratories Inc., USA), according to the 

manufacturer's instructions andstandard multiple-tube fermentation and the membrane filtration technique for 
determining total and fecal coliforms were performed according to previously described protocols (Clesceriet 
al., 2003). 

 

Aadsorption-elution method for concentration HEV:  
Each sample was added MgCl2(0.05 M) and adjustedsample pH to 3.5.After sample passing through 

nitrocellulose membrane filter 0.45 μm was added 500 ml washing buffer, pH 4 and added 70 ml of elution 
buffer. Allow the elution buffer to remain about 10 min on the membrane until complete evacuation of elution 
buffer from filter. The elute pH value was adjusted at 3.5 by using 1N HCl with stirring and centrifuged under 

4
0
C for 15 min at 3000xg and resuspend the pellet in 5 ml 0.15 M Na2HPO4. Where washing buffer was 

ddH2O, adjusted with H2SO4 to pH 4 and elution buffer was 3% beef extract + 0.05 M Glycine final pH 9.4 
Concentrated HEV were stored at −80 °C (Katayama et al., 2002 and Hamzaet al., 2009). 

 

Molecular Detection of HEV:  
Total RNA were extracted from concentrated HEV of each sample by using the Nucleic Acid kit (Qiagen, 

Valencia, CA) ; 200 μl of concentrated viral RNAand GITC chloroform phenol method with minor modification 
(Chandraet al., 2010) was subjected for cDNA synthesis. cDNA synthesis was carried out using MuLV RT 
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enzyme ; reverse primer (20 pmol/ml), RNase out (20 U/μl, Gibco BRL);The extracted RNAs were analyzed by 
RT-PCR with nested strategy by using eight broad range HEV-specific sets of primers targeting the ORF1 and 
the ORF2, regions, (La Rosaet al., 2014). In this study the primers used in Table (1). 

 
Table1:PCR and primers used in this study 

Method  Target Primer Sequence (5′–3 ′) Product Primer 
  region ID  length (bp) position   (5′– 
      3′)* 

Method A  ORF1 1679 CCAYCAGTTYATHAAGGCTCC 348 36-56 
       

   1680 TACCAVCGCTGRACRTC  383-367 
       

   1681 CTCCTGGCRTYACWACTGC 172 53-71 
       

   1682 GGRTGRTTCCAIARVACYTC  224-205 
      

Method B ORF2 1837 AATTATGCYCAGTAYCGRGTTG 431 5687-5708 
       

   1838 CCCTTRTCYTGCTGMGCATTCTC  6417-6395 
       

   1839 GTWATGCTYTGCATWCATGGCT 348 5972-5993 
       

   1840 AGCCGACGAAATCAATTCTGTC  6319-6298 
       

*Primer positions are based on GenBank sequence (Meng, 2010). 
 

In the present study, we used above primers to obtain a broader range of detectionHEVaccording to different 

methods:Method A:was depend on capsid gene in the ORF1 and was developed by Shresthaet al.,(2003) and later 

slightly modified by La Rosaet al., (2011); where the expected product of the nested PCR is 348 bp, so this assay is 

able to determine HEV genotypes and subtypes.Method B:we used the capsid gene in the ORF2 and primers were 

developed to amplify a 431 bp fragment within the ORF2 region (Huanget al., 2002).We was taken 5µ of the 

extracted RNA and 20 p mol of each primer were used ina final mixture of 25 µl using GoTaq Green Master Mix 2x, 

RNase inhibitor, andMoloney murine leukemia virus RT by Promega as previously described (Emerson et al., 2006). 

Amplifications were carried out in a GeneAmp PCR System 9700 thermocycler(Applied Biosystems) under the 

following conditions: reverse transcription at 42°Cfor 45 m in, 1 cycle of template denaturation at 94°C for 5 min, a 

nd 35 cycles at 94°Cfor 30 s, 50°C for 30 s, and 72 °C for 30 s, followed by 1 cycle of elongation for 10 minat 72°C. 

Following the reaction, 2µl of this mixture wa s subjected to a second round (nested-PCR), which involving 35 cycles 

of amplification under the same conditions. All precautions were taken to prevent PCR contamination.The final PCR 

products were checked out on 2% gel electrophoresis stained with ethidium bromide (10 mg/ml) under UV 

transillminator (Figures 2 and3). The sequencing was performed using the above-mentioned amplification primers 

(Table 1) and amplifications were carried out in a GeneAmp PCR System 9700 thermocycler (Applied Biosystems). 

Phylogenetic analysis was then performed to assess the genetic relationships among the different sequences and 

between the sequences of the samples and those of the prototype strains (Lu et al. 2006). Bioinformatic analysis 

included all of the nucleotide sequences obtained here, as well as 27 prototype sequences obtained from GenBank (GI 

to GIV sequences and an avian HEV used as an outgroup). Phylogenetic analysis was performed using MEGA 

software version 5.2.1. Nucleotide sequences were aligned using the Clustal W algorithm (Thompsonet al., 1994) The 

phylogenetic tree was constructed using the Maximum Likelihood method based on the Kimura 2-parameter model, 

integrated into the MEGA software (Tamuraet al., 2013) The robustness of the clustering results was assessed by 

bootstrap resampling (1000 replicates). All sequences were submitted to BLAST analysis for genotyping at 

http://blast.ncbi.nlm.nih.gov/Blast.cgi. The nucleotide alignment was tested using Model test v3.1, (Posada, 2003) 

coupled with PAUP* v4.0 software to find the best-fit model of nucleotide substitution; The model selected (general 

time reversible) was used for the Bayesian analysis as implemented in the BEAST (Bayesian evolutionary analysis 

sampling trees) program available at http: //beast.bio.ed.ac.uk; Also we used p-distances; MEGA2 software, 

www.megasoftware.net(Drummond and Rambaut 2007). 
 

 

Results: 

Physicochemical properties of collected water samples:  
The Physicochemical parametersof collected water samples were tested at the same day of collected. The 

results wererecorded in table (2). 
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Table2:Properties of collected waters used for virus concentration        
 Water parameters          

 Water type pH Conductivity Turbidity  A254   Refractive  

   (,µmho) (JTU)     Index  

 WR 5.8-6.5 165-178 13-54  0.68-1.15   1.3330  

  (6.15)
c
 (171.5) (33.5)  (0.915)     

 WPP 7.2-7.5 136-167 o.5-0.1  0.01- 0.06  1.3330  

  (7.35) (151.5) (0.3)  (0.035)     

 WT 7.02-7.1 0.5-1.5 0  0   1.3330  

  (7.06) (1.0)        

 WI 6.9-7.5 175-185 14-53  0.75-1.17   1.3330  

  (7.2) (180) (33.5)  (0.96)     

 

Coliform in collected water samples: 

Escherichia coli densities among all sites, as determined by Colilert
®

 commercial kit (Idexx Laboratories 

Inc., USA), ranged from 1 to 35,000 col/100 mL. The maximum densities for both E. coli and fecal coliform 
bacteria were primarily found in samples collected from raw water and irrigation water; the median E. coli 
density was 19 col/100 mL in partial treatment plant water (WPP); median density for E. coli and fecal-coliform 
bacteriain Raw water (WR) was 26 col/100 mL and in irrigation water (WI) was 29 col/100 mL, Spearman rank 
correlation coefficients was significant (P<0.05) and correlationcoefficients was 0.923(Wommack et al., 2010). 
The coliform group increase in water samples were collected specially in summer and autumn season. Where 
increase in raw and irrigation water; and the prevalence rate of HEV decreased in these period from the year.So 
we neglected all samples contaminated with coliform to prevent inhibitors of PCR (Gentry-Shields et al., 2015). 

 

Detection of Hepatitis E virus (HEV):  
From all 120water samples were collected from different sits;35 (29.16%) samples werepositive for HEV-

RNAwhich detected by RT-PCR and Nested-RT-PCR(through two methods using different primer sequence) ; 

where 13 positive sample from first round RT-PCR and tested all negative sample in second round by Nested-

PCR (using two different pair of inner and outer primers) was detected 22 positive sample for HEV- RNA 

(Nested-PCR was more significant) (Morgane et al., 2017).The prevalence rate of positive samples HEV-RNA 

was higher in Raw water (WR) 16/40 (40%), in Irrigation water (WI) was 14/ 40 (35%), while in Water 

purification and treatment plant (WPP) was 5/20 (20%) . The sensitivity of Nested-PCR assay was HEV-RNA 

positive in 18/22 (82%) which detected by method A (ORF1 with specific primers in table1); and HEV-

RNAwhich detected by method B (ORF2 with specific primers in table1) was 13/22 (59.1%) table (4). HEV-

RNA was negative in Treated drinking water(WT) in both rounded RT-PCR and Nested-PCR. 

 
Table3:The presence of HEV-RNA in Water samples from different sits 

Source of  water  samples Type of water Sampling period Total no. of No.  of  detected %  of  HEV- 
   (Mo/yr.) samples HEV- RNA RNA 
     samples  

       

Raw water Raw water  2012\01 40 16 40 
(WR)   to    

   2013\04    

Water    purificationand Partially  2012\01 20 5 25 
treatment plant  (WPP) treated water to    

   2013\04    

       

Water treatment plant (WP) Treated  2012 \12 20 0 0 
 drinking water to    

   2013\10    

 Irrigation   20 5 25 
 water (EL- 2013\06    

Water irrigation (WI) Sharkia)  to    

   2014\12    

 Irrigation      
 water (EL-  20 9 45 
 Giza)      
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Table 4: Sensitivities of RT-PCR and Neste d- PCR assays   
 Sensitivities  RT-PCR  Nested RT -PCR  

 Positive samples/total water samples  13/120  22/1o7*  

       
 Percentage of positive samples  10.83%  20. 56 %  

      

* The no. of negative water samples after dow n the first round RT-PCR   

Table 5:Sensitivities of Nested RT- PCR ass ays by using Method A (ORF1) and Method B (ORF2).   
 Sensitivities  Method A  Method B  

 Positive samples  18
a
/22  13/22

b
  

 Percentage of positive samples  82%  59.1%  

a detected samples by each method (A and B ); b The total Nested- positive samples.   

 

Occurs from our study that Nes ted RT-PCR assays by using Method A (ORF1) with specific primers (table  
1) was more sensitive (82%) than NestedRT-PCR assays by using Method B (ORF2) ( La Rosa, et. al., 2013). 

The majority of positive HEV-RN A was concentrated in samples which collected in w inter, that because the 
natural properties of HEV-RNA is survives in cold season (Meng, 2010, La Rosa, et. al. , 2013)(where coliform 

indicators decreased)and spring w hile moderate to low in summer and autumn se asons(due to the high 
concentration of coliforms) (Figur1 ).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1:showing the more prevalence of HEV-RNA in winter and spring months more than summer and autumn.  
 

Amplified HEV-RNA positive samples werevisualized by gel electrophoresis 2%. Wherethere is no RT-
PCR inhibitors seen in negative control used as shown in Figures 2 and 3 respectively. 

WR WPP  WT WI 
a
WI 

b
  

↓ ↓ ↓↓ ↓  
 
 
 
 
 

 

1000   
750   
500   
300   
150  

 
 
 
 
 

 

+ ve control 343bp -ve control 
Fig. 2:Agarose gel electrophoresis of HEV in water samples; shows HEV specific 3 43 base pair amplified  

product M: 100 bp ladder  ofmolecular weight markers; lanes 1: positive control ; lanes 2: positive WR 

343bp; lanes 3: WPP  negative; lanes  4: WT negative;  WIlanes 5: 
a
EL-Giza positive and lanes  6: 
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Fig. 3: Agarose gel electrophoresisof HEVRNA from Nested RT-PCR in water samples shows HEV specific 

243 base pair amplified product M: 100 bp ladder of molecular  weight markers; lanes 1: positive 

control; lanes 2: positive WR 243 bp; lanes 3: WPP positive 242; lanes 4: WT positive 242; WIlanes 5: 
a EL-Giza  positive 242 and lanes 6: positive 241

b
 EL-Sharkia] ; lane 7: negative control from saline.

 

 

Genotypes and Sequence Variation of HEV in water samples:  
The 22 HEV isolates (Nested-PCR), divided into two groups A and B [A-343bp and B 242 to 243bp 

(figures 2 and 3)]; where group A for comprising GI strains and group B comprising a single GIII strain (that to 

provide if isolates HEV in water samples may be due to pollution of water by zooninteraction with HEV animal 

strain GIII)(Morgane, et al., 2017; Nelson, et al., 2011). The HEV- genotype 1 (G1) was detected in WR and 

WPP and G3 was in irrigation water (WI) with the highs rate (Dong et al., 2011). The genetic relationships 

between the HEV sequences obtained in this study and prototype sequences (phylogenatic tree) obtained from 

GenBank shown in figure (4). The HEV GIII strain showed sequence similarity to a strain isolated in the United 

States (Dong et al., 2011; Florence, et. al.,2012).The nucleotide sequence similarity was 79.9% for the ORF1 

region (nt 170–448), and 86.4% for ORF2 (nt 6409–65 04) (Kumar et al., 2013). For comparison, the sequence 

similarity for HEV isolates collected elsewhere that had been deposited in GenBank was 73.8% for ORF1 (nt 

170–448) and 74.0% for ORF2 (nt 6409–6504). Regions within nt 171–221, 280–310, and 6,461–6,495 were 

most conserved and represented the best targets for primer or probe designby Zhao,et. al., 2007, Meng, 2010 

and Florence et al.,2012. Phylogenetic analysis of ORF1 nucleotide sequences showed that HEV isolates from 

groups Aand B was genotype 1 as shown in figure 4.  
The same genotype was detected in an outbreak of hepatitis E in UN peacekeepers deployed from 

Bangladesh to Haiti (Kumar et al., 2013). Nucleotide identity between isolates from our study and other HEV 

strains from genotype 1 ranged from 91.7% to 99%. Absolute ORF1 nucleotide differences (p-distances; 

MEGA2 software, www.megasoftware.net) of isolates ranged from 0% to 1.6%, demonstrating a high degree of 

relatedness (Hoofnagleet al., 2012). The ORF2 analysis supported our ORF1 findings because the CUB2D-2005 

and CUB10D-1999 sequences also clustered with genotype 1 and nucleotide homology with a prototype strain 

from Burma (Bur82) and were related to the strains from India (Hyderabad and Yam-67)(Daizy et al., 2014), 

sharing 97.4%–99% homology and ORF2 nucleotide diff erences ranged from 0.8% to 1.9% (La Rosa et al., 

2014).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4: Phylogenetic trees constructed on the basis of A)240 nucleotides, RdRp region, from open reading frame 

(ORF) 1, and B) 341 nucleotides from ORF2 of 22 isolates HEV from Nested-RT-PCR. Each tree was 

generated by using the neighbor-joining method; the distance matrix was calculated by using the Kimura 
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2-parameter method. The robustness of the trees was determined by bootstrap for 1,000 replicates. Values 
>70% are shown at the nodes. The major branches represent hepatitis E virus genotypes. Scale bar 
indicates 0.05 substitutions per nucleotide position. 

 

Discussion:  
The present study was to provide the prevalence of HEV in water by using molecular technique Nested RT-

PCR with group of designed primers for study the genotyping and sequencing properties.; Where this technique 

was developed in order to provide quantitative estimation of the concentration of pathogens in water (Inoueet 

al.,2006; La Rosa et al., 2011; Morgane, et al., 2017). Similar studies have been conducted in other countries as 

well as in Japan (Takahashi et al. 2003), Spain (Fogeda et al., 2009), UnitedStates (Dong et al., 2011) and in 

Italy (La Rosa et al. 2014). In these studies, HEV strains belonging to GIII and also,sporadically, to GI were 

found in urban sewage and biosolids (Gentry-Shields et. al., 2015). Our results occurred prevalence rate of 

HEV-positive in raw water samples in Cairo (40%), andin irrigation water in EL-Giza was (45%). The low 

prevalence of HEV in our study is similar to results from previous studies (Kasorndorkbua et al., 2005 and 

Steyer et al., 2011);Few studies have examined CAFO-impacted surface waters for HEV (Danielle et al. 

2013).The detection of HEV and coliphages in surface waters proximal to swine CAFOs warrants further 

investigation to address sources of fecal pollution in areas of high swine CAFO density; The majority of our 

samples were collected during the winter, spring and summer months, and positive HEV-RNA in winter and 

spring more than summer (Mocé-Llivinaet al., 2005; Nelson et al., 2011). However, it is also possible that other 

fecal sources could be responsible for the diffuse concentrations of coliphages (Gentry-Shields et al., 2015). In 

sum, the presence of HEV, as well as the near ubiquity of coli-phages, suggests that current CAFO waste 

management practices may be associated with the dissemination of viruses of public health concern in waters 

proximal to CAFO spray fields(Gentry et al., 2015; Morgane et al., 2017). HEV-GI was found in all positive 

samples but HEV-GIII was founded in WI where that provide the suggestion of zoon-interaction and pollution 

of water by animal feaces (Stoszeket al., 2006; Meng, 2010; Kumar et al., 2013). This highproportion of GI in 

Cairo, EL-Giza and El-Sharkia has yet to be explained and its publichealth implications studied, seeing that this 

genotype has beenassociated with significant epidemics in developing countries (Casares et al., 2009; Chandra 

et al., 2010); Because HEV in developed countries is thought to be predominantly of zoonotic origin (when 

travel to developing countries can be ruled out) (Nelson et al., 2011). HEV genotype GIII found in only one 

sample in ourstudy from irrigation water sample, comprises both human and animal (Billamet al., 2005; 

McCreary et al., 2008); So this provide water contamination with animal feces (Pavio et al., 2010; Dell’Amico 

et al., 2011; Danielle et al., 2013), strains and includes strains responsible for sporadic cases ofhepatitis in 

industrialized countries as reported byMcCreary et al., 2008 in united kingdom.Different studies have 

demonstrated that human and swineHEV sequences, especially when obtained in the same geographicalarea, are 

highly homologous or even identical (Kumar et al. 2013;Gentry-Shields et al., 2015). 

 

Conclusion:  
The result in this study was shown that HEV is a causal agent of hepatitis and gastroenteritis due to 

drinking water polluted with sewage; as described above many studies provide this observations. Applied 

molecular techniques in surveillance of human enteric viruses in water treatment plants is becomes main 

requirement for support water treatment quality programs. In order to be able to maintain public health, we must 

deepen future research for preparation of vaccinations to control in prevalence rate of HEV and other human 

enteric viruses. 
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