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SUMMARY. Open reading frame 2 proteins (ORF2) from swine

(genotype 4, S-ORF2) and human (genotype 1, H-ORF2)

hepatitis E virus (HEV) having 91.4% identity at amino acid

level were expressed using baculovirus expression system.

Comparison of ELISAs based on the two proteins yielded

identical results when sequential serum samples from mon-

keys and pigs experimentally infected with genotypes 1 and 4

HEV, respectively, were tested. Samples from patients (n ¼
258) suffering from non-A, non-B hepatitis during outbreaks

of the disease and 180 sera from apparently healthy children

were screened by H-ORF2-, S-ORF2-based ELISAs and

Genelabs ELISA, a widely used commercial test for HEV

diagnosis. Specificity of all three tests in detecting IgM and

IgG antibodies in healthy children was comparable. Excellent

correlation was noted in detecting both IgM (98.7% con-

cordance) and IgG (97.7% concordance) anti-HEV antibodies

when H-ORF2 and S-ORF2 ELISAs were compared. When

compared with Genelabs ELISA, both H-ORF2 and S-ORF2

ELISAs identified 34 and 18 additional positives, respectively,

in IgM and IgG anti-HEV tests showing comparatively less

sensitivity of the commercial assay. The concordance of

Genelabs ELISA in IgM detection was 86.4% and 85.6%,

respectively, with H-ORF2 and S-ORF2 ELISAs. The concor-

dance between Genelabs ELISA and H-ORF2 decreased fur-

ther to 73.6% when 129 human samples from recent HEV

epidemics (2002–2004) were tested for IgM. Similar results

were obtained when sequential samples from 11 hepatitis E

patients were examined. Screening of serum samples from

137 sporadic non-A, non-B hepatitis cases further confirmed

the superiority of the H-ORF2 and S-ORF2 ELISAs. All 36/

137 HEV-RNA-positive samples from sporadic cases belonged

to genotype 1 confirming absence/rarity of type 4 human

infections. H-ORF2 and S-ORF2 antigens were swappable in

ELISAs for detecting both genotypes 1 and 4 HEV infections.
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INTRODUCTION

Hepatitis E is an important public health problem in devel-

oping countries [21]. It is a common cause of large water-

borne epidemics and sporadic hepatitis in adults in India [1,2].

The disease is usually self-limiting with high mortality (20%)

among pregnant women, especially in the third trimester

[16]. Hepatitis E virus (HEV) is a 27- to 32-nm diameter

nonenveloped RNA virus with a single-stranded, positive

sense genome, approximately 7.2 kb in size containing par-

tially overlapping open reading frames (ORFs). ORF1 encodes

nonstructural protein while ORF2 encodes capsid protein [24]

and ORF3 encodes cytoskeleton-associated phosphoprotein

[30]. Several immunoreactive domains have been identified

in ORF2 and 3 proteins [14,15,29]. Immunoassays in ELISA

and western blot formats were developed using recombinant

ORF2/ORF3 proteins individually or in combination or with

synthetic peptides representing these regions [9,11,25].

Different strains of HEV infecting mammals worldwide

are divided into four genotypes [23]. Swine and human

HEVs from the United States (genotype 3) [18], Taiwan

(genotype 4) [13] and Japan (genotypes 3 and 4) [19,20]

were shown to belong to the same genotype with

remarkable nucleotide identity among strains from the

same geographic region. In India, human isolates repre-

senting epidemic and sporadic cases (1976–2005) and

swine isolates (1985–2000) belong to different genotypes,

i.e. genotype 1 and genotype 4, respectively [7,8].

Although we were able to detect type 4 HEV infections in

animals using genotype-1-based ELISA [7,8], it was

thought logical to express Indian swine HEV ORF2 protein,

develop a recombinant-protein-based ELISA and compare
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the performance of ELISAs based on genotype 1 (human

HEV) and genotype 4 (swine HEV) proteins, especially with

respect to identification of type 4 HEV infections in hu-

mans. In addition, the usefulness of IgM-anti-HEV and IgG-

anti-HEV-human-ORF2 ELISAs when compared with the

commercially available, widely used Genelabs ELISAs in

HEV diagnosis and surveillance, respectively, in an endemic

country was also evaluated.

MATERIALS AND METHODS

Cloning and expression of genotype 1 and genotype 4
ORF2 proteins in baculovirus expression system

Complete ORF2 gene (1980 nt) from HEV-RNA-positive 10%

stool suspension of a human sample (PM2000, genotype 1)

collected during an outbreak in Lonawala, western India

(2000) and ORF2 gene (2022 nt) of swine HEV (genotype 4)

from 10% stool suspension of a sample obtained from a pig

experimentally infected with Indian swine HEV (genotype 4)

were amplified by RT-PCR. The amplified genes were cloned

downstream of the polyhedrin promoter into the baculovirus

vector, pFASTBAC-1 (Invitrogen, Life Technologies, Carls-

bad, CA, USA). Complete sequences of the ORF2 genes from

both the strands were determined to get consensus se-

quences using Big-Dye Terminator Cycle Sequencing Ready

Reaction Kit (Applied Biosystems, Foster City, CA, USA).

Samples were analysed on automated sequencer (ABI PRISM

310 Genetic Analyzer; Applied Biosystems). DH10MaxBAC

cells were transformed with the pFASTBAC-ORF2 plasmids

to get recombinant baculovirus in the form of closed circular

DNA (bacmid). Spodoptera frugiperda (Sf9) cells were trans-

fected with recombinant bacmids using cationic lipid Cell-

fectin (Life Technologies, Invitrogen). The resultant

baculovirus isolates were screened for the ORF2 inserts and

for protein expression in Sf9 cells.

SDS–PAGE and western blot analysis: Monolayers of Sf9

cells (about 9 · 105 cells/well in 6-well plate) were infected

and harvested after different time intervals (24–120 h). Cell

pellets as well as supernatants were analysed on 10% SDS–

PAGE. Gels were either stained directly or blotted onto

nitrocellulose membrane. Blots were blocked with phos-

phate-buffered saline (PBS), pH 7.4 containing 5% nonfat

milk powder O/N at 4�C. Anti-HEV-IgM-positive serum at

1:50 dilution was used as a primary antibody. Secondary

antibody was anti-human-IgM antibody conjugated to

horseradish peroxidase. Blots were developed in diam-

inobenzidine and H2O2. All incubations were carried out in

2.5% nonfat milk powder solution in PBS and washing with

PBS containing 0.05% Tween 20.

ELISA for anti-hepatitis E virus antibody detection

Sf9 cells (2 · 106) infected with ORF2 recombinant bacu-

lovirus (10 PFU/cell) were harvested at 96 h post-infection,

cell pellets were resuspended in 200 lL of PBS containing

0.1% NP40 supplemented with fresh phenyl methyl sulfo-

nyl fluoride (PMSF; final concentration, 0.5 mM) and

vortexed vigorously. Two hundred microlitres of cell lysate

were diluted to 10 mL with 50 mm carbonate buffer (pH

9.5); one Maxisorp microtitre 96-well plate (Nunc, Rose-

kilde, Denmark) was coated (100 lL/well) and incubated

at 37�C for 2 h. The plate was blocked with PBS con-

taining 10% donor calf serum, 0.5% Tween 20 and 0.5%

gelatin. Serum samples were diluted 1:100 in blocking

solution and added to the coated assay plates (100 lL/

well). Horseradish peroxidase conjugated anti-human IgM

(Sigma chemicals, St Louis, MO, USA) were used as

detector antibody. The enzymatic reaction with substrate

(O-phenylenediamine and urea peroxide) was stopped by

the addition of 4 N H2SO4. Human samples known to be

positive and negative for anti-HEV IgG or IgM were

included in respective assay plates. The cut-off values for

anti-HEV IgM and IgG were calculated as mean optical

density (OD) values for three negative controls · 3. Sam-

ples showing OD values ‡ cut-off values were considered to

be anti-HEV IgM/IgG positive.

Commercial ELISA

Performance of H-ORF2 and S-ORF2 ELISAs was compared

with the widely used commercial kit from Genelabs Diag-

nostics, Singapore for anti-HEV IgM (kit ref. no. 21160-

096T) and IgG detection (kit ref. no. 21150-096T). The

assay was performed according to the instructions provided

by the manufacturers.

Serum samples

Serum samples collected from clinically and biochemically

confirmed acute viral hepatitis patients from various epi-

demics were screened for hepatitis B surface antigen (HBsAg)

(Surase B-96, TMB Kit; General Biologicals Corp., HSIN Chu

Taiwan) and IgM antibodies to hepatitis A virus (HAV;

Hepavase MA-96, TMB Kit). All HBsAg positives were tested

for the presence of IgM antibodies to hepatitis B core antigen

(IgM-anti-HBc) with CORZYME-M test (Abbott laboratories,

Chicago, IL, USA). Patients negative for IgM-anti-HAV and

IgM-anti-HBc were considered as probable epidemic hepatitis

E patients. In the present study, all the serum samples were

stored at )20� C until use. These included

Human sera:

1. Acute viral hepatitis patients representing 17 epidemics

of hepatitis E from two states in western India (Maha-

rashtra and Gujarat) over the period 1976–2001 (n ¼
258). The samples were collected from 1 to 13 weeks

after the onset of symptoms. These were thawed at least

twice before screening during the present study.
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2. Acute viral hepatitis patients representing five outbreaks

of hepatitis E from the state of Maharashtra during

2002–2004 (n ¼ 129). The samples were collected

within 2 weeks of the onset of symptoms. These were

thawed for the first time before screening during the

present study.

3. Four sequential samples from 11 hepatitis E patients

taken during an epidemic of the disease in 2004.

4. Sera from 180 school children between the ages 7 and

15 years [6].

5. Blood samples from 137 clinically and biochemically

confirmed sporadic acute viral hepatitis non-A, non-B

patients investigated during August 2003 to July 2004

were examined. Aliquots of all serum samples were stored

immediately at )70�C.

Animal sera:

1. Sequential serum samples from 25 rhesus monkeys

infected experimentally with epidemic and sporadic

genotype 1 HEV isolates from India [3].

2. Sequential serum samples from two pigs experimentally

infected with genotype 4 Indian swine HEV [7].

3. Serum sample of pigs from different areas of Pune (n ¼
54) [7].

PCR, sequencing and phylogenetic analysis

Blood samples from 137 clinically and biochemically con-

firmed sporadic acute viral hepatitis non-A, non-B patients

investigated during August 2003 to July 2004 were tested for

the presence of HEV RNA employing TRIzol LS reagent (In-

vitrogen, Carlsbad, CA, USA) according to the previously

described method [7]. A 416-nt fragment from ORF1 region of

HEV was amplified using primers: external sense – F1: 5¢-
TGAGAATGATTTCTCTGAGTTTG-3¢, external antisense –

R1: 5¢-ATGTTATTCATTCCACCCG-3¢, internal sense – F2: 5¢-
ATACCGTCTGGAACATGGC-3¢, internal antisense – R2: 5¢-
AGCATCCCAATCAGGTTATG-3¢, which could detect both

types 1 and 4 HEV RNA. The PCR products were purified using

Qiaquick Gel Extraction Kit (Qiagen, Hilden, Germany) and

sequenced. Multiple alignment of nucleotide sequences was

carried out using Clustal X, v.1.83: http://www.igbmc.

u-strasbg.fr. Phylogenetic analysis based on partial ORF1

gene sequences (300 nt) was carried out employing MEGA 2.1

software [17]. For analysis in MEGA, the Jukes–Cantor dis-

tance model was utilized employing the neighbour-joining

algorithm. The reliability of different phylogenetic groupings

was evaluated using the bootstrap test, with 1000 bootstrap

replications, available in MEGA.

The designations, countries and GenBank accession num-

bers of the full genome sequences employed for analysis in the

present study were as follows: Genotype 1: BUR-86, Burma

(D10330); BUR-82, Burma (M73218); MOR-03, Morocco

(AY230202); Genotype 2: MEX-86, Mexico (M74506); Geno-

type 3: Arkell, Canada (AY115488); US-1 and US-2, USA

(AF060668–69); US-SW, USA (AF082843); Genotype 4: JSN-

Sap-FH, Japan (AB091395); swJ13-1, Japan (AB097811);

CCC220, China (AB108537); INDPIG4, India (AY723745).

The 36 partial ORF1 sequences reported here have been

deposited with GenBank accession no. DQ453923 to

DQ453958.

Statistical methods

Statistical analysis was carried out using SPSS version 11.0.

McNemar test was used to compare the prevalence of anti-

HEV IgM and anti-HEV IgG in acute hepatitis E patients and

school children and anti-HEV IgG in pig and monkey sera

when tested using both the antigens. Concordance between

the OD values or S/CO ratios of the two tests were measured

using Pearson’s correlation coefficient and Spearman’s rank

correlation coefficient.

RESULTS

RT-PCR of ORF2 gene and cloning

Complete ORF2 genes of type 1 HEV (H-ORF2) and type 4 HEV

(S-ORF2) were amplified by RT-PCR and the products were T

and A overhangs of plasmid (TA) cloned. Orientations of the

inserts were checked with restriction enzymes and genes were

further cloned into vector pFASTBAC-1. The clones were

sequenced completely and compared with representative

sequences from GenBank. When compared with strain SAR-

55 (type 1, human isolate) [25], H-ORF2 [1980 nt, 660

amino acids (aa), GenBank accession no. DQ459342] showed

94% nucleotide homology; while at aa level, the homology

was 99.5%. The swine ORF2 (2022 nt, 674 aa, GenBank

accession no. AY723745) showed 87.1% and 86.7% nuc-

leotide identity with T1 and SWJ13-1 (human and swine

isolates of type 4, respectively) [19,27], while at aa level the

identity appeared to be much higher (96–98.8%). H-ORF2

protein had a cleavable hydrophobic signal peptide at the

extreme amino terminus of the protein and possible cleavage

site between 19 and 20 aa (predicted by PSORT II) with a final

product of 641 aa. S-ORF2 protein showed cleavage site

between aa 33 and 34 with predicted product of 641 aa.

Percent aa identity of H-ORF2 and S-ORF2 proteins was

91.4% (Fig. 1), while identity at nucleotide level was 79.5%.

Hepatitis E virus ORF2 protein expression in insect cells

Sf9 cells were infected with HEV ORF2 recombinant bacu-

lovirus and temporal expression of ORF2 protein was studied.

Cells and media harvested at different time intervals after

infection (24–120 h) were analysed by SDS–PAGE and

western blot. Both H-ORF2- and S-ORF2-recombinant-ba-

culovirus-infected Sf9 cells showed multiple immunoreactive

proteins, which were mostly cell associated. Among those,
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72, 55 and 35 kDa proteins were prominent in both rec-

ombinants, suggesting similar processing of both proteins in

the insect cells (Fig. 2). The protein synthesis peaked by 96 h

post-infection and it declined gradually. Similar protein pat-

tern was seen in the media also, but the protein concentra-

tions were extremely low. These results confirmed the earlier

reported observations by Robinson et al. [22] and indicated

the proteolytic cleavages of 72 kDa protein in Sf9 cells.

IgM and IgG-anti-hepatitis E virus antibody detection

Table 1 presents comparison of performance of three ELISAs

in detecting IgM and IgG-anti-HEV antibodies among acute

viral hepatitis patients examined during epidemics of hepa-

titis E (1982–2001) and apparently healthy children. Spe-

cificity of all ELISAs in detecting IgM antibodies in healthy

children was comparable; only one sample being positive in

H-ORF2 ELISA. In patients category, 182 samples were

positive and 38 samples were negative in all three assays.

Thus, 220/258 sera gave identical results. However,

H-ORF2 and S-ORF2 antigens identified 34 additional sam-

ples with overall concordance of 98.4%. The concordance of

Genelabs ELISA was 86.4% (H-ORF2) and 85.6% (S-ORF2).

ORF2-based ELISAs showed 97.4% and Genelabs ELISA

showed 90.3% (H-ORF2) and 92% (S-ORF2) concordance in

IgG-anti-HEV detection in patients. Among healthy children,

Fig. 1 Alignment of the deduced

sequences of the amino acids (aa) of

Indian swine (674 aa) and human HEV

ORF2 (660 aa) proteins. Identical aa are

indicated by dots and dashes represent

deletions.

� 2006 The Authors
Journal compilation � 2006 Blackwell Publishing Ltd

438 V. A. Arankalle et al.



concordance for IgG-anti-HEV positivity were 95.5%

(Genelabs/H-ORF2), 94.3% (Genelabs/H-ORF2) and 98.8%

(H-ORF2/S-ORF2).

As repeated freezing/thawing may affect ELISA reactivity,

129 samples collected during epidemics of hepatitis E (2002–

2004) were tested in ELISA, immediately stored and thawed

for the first time, for comparing with Genelabs assay. Of

these, 79 samples were positive in both tests, 16 were neg-

ative in both tests, whereas 29 and 5 samples were positive

by H-ORF2 and Genelabs assays, respectively. The concor-

dance between two tests was 73.6%.

Detection of anti-hepatitis E virus antibodies in sequential
samples

Sequential blood samples collected from 11 hepatitis E pa-

tients during an epidemic of the disease in 2004 were

screened by H-ORF2 and Genelabs ELISAs for IgM-anti-HEV

antibody detection (Table 2). The first sample collected 3–

19 days after the onset of the disease was positive for all the

11 patients by both the tests. The number of IgM-anti-HEV

positives among the subsequent follow-up samples was 11,

10 and 7 in H-ORF2 ELISA, while only 7, 2 and 3 samples

could be identified as anti-HEV IgM positives in Genelabs

ELISA. No sample was H-ORF2 ELISA negative, Genelabs

ELISA positive.

Seroconversion in monkeys and pigs experimentally
infected with hepatitis E virus

Serial serum samples from 25 rhesus monkeys experiment-

ally infected with human HEV (genotype 1) were screened by

H-ORF2 ELISA. These samples were earlier tested using

SAR-55-based recombinant ORF2 antigen (Dr Purcell, NIH,

Bethesda, MD, USA). All the pre-infection samples were

negative for IgG-anti-HEV antibodies, whereas seroconver-

sion was recorded on the same day in all 25 monkeys by

both ORF2 antigens.

Sequential samples of a representative monkey from the

above group (Fig. 3a) and an experimentally infected pig

(with swine HEV, genotype 4) (Fig. 3b) were parallely

screened with H-ORF2 and S-ORF2 antigens. The reactivity

in ELISA was almost identical regardless of the antigen. With

homologous antigen, slightly higher values were obtained

for some samples. Pearson’s correlation coefficient was sig-

nificantly high for swine (r ¼ 0.975) and monkey samples

(r ¼ 0.943). The concordance of the results deduced by H-

ORF2 and S-ORF2 antigens was 96.4% for swine samples

and 100% for monkey samples.

Fifty-four swine serum samples collected from different

areas of Pune were screened for IgG-anti-HEV using H-ORF2

and S-ORF2 antigens. Forty-eight samples were positive and

six were negative in both ELISAs, with 100% concordance.

IgM-anti-hepatitis E virus and hepatitis E virus RNA
positivity in sporadic acute viral hepatitis patients

In order to assess relationship of HEV-RNA and ELISA

positivity, sera from 137 sporadic non-A, non-B hepatitis

patients were tested by nested RT-PCR and three ELISAs

(H-ORF2-, S-ORF2-based ELISAs and Genelabs ELISA)

(Table 3). Of these, 25 and 66, respectively, were positive

and negative in all the four assays. Nineteen samples were

positive in all the three ELISAs but HEV RNA negative. Five

HEV RNA positives were negative in all the three ELISAs.

However, six HEV-RNA-positive samples, which were posit-

ive in H-ORF2 and S-ORF2 ELISAs, were negative in Gene-

labs ELISA. Eleven HEV-RNA-negative samples were positive

in ORF2-based ELISAs but were negative in Genlabs ELISA,

whereas three Genelabs ELISA positives (HEV RNA negative)

were negative in other two ORF2-based ELISAs. Thus, of the

36 HEV-RNA-positive patients, both the ORF2-based ELISAs

could identify 31 as HEV infections (86.1%), whereas

Genelabs ELISA detected 25 (69.4%) patients as hepatitis E.

Fig. 2 Immunoblot analysis of SF9 cells infected with

recombinant baculovirus expressing: (a) H-ORF2 protein

with IgM-anti-HEV antibodies in human serum. Lanes: 1,

control SF9 cells; 2, empty; 3–7, cell lysates obtained at 48,

72, 96,120, 144 h post-infection; 8, mol. wt. marker. (b)

S-ORF2 protein with IgM-anti-HEV antibodies in human

serum. Lanes: 1, control SF9 cells; 2, empty; 3–8, cell

lysates obtained at 48, 72, 96,120, 144, 168 h post-

infection; 9, mol. wt. marker.
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Determination of hepatitis E virus genotype of acute
sporadic viral hepatitis samples

Phylogenetic analysis of partial ORF1 sequence (300 nt) of

36 HEV-RNA-positive samples showed clustering of all the

samples in genotype 1 (Fig. 4).

DISCUSSION

Hepatitis E is an important cause of sporadic as well as

epidemic hepatitis in both urban and rural India demanding

availability of sensitive and specific assay systems. In the

absence of a suitable in vivo or in vitro HEV culture system to

obtain large amounts of the antigens, attempts have been

made to develop immunoassays using either synthetic pep-

tides or recombinant proteins or mixture of both. So far,

ORF2 protein expressed in SF9 cells has been shown to be of

optimal diagnostic value.

To address certain research questions in the past, we used

ELISA developed by the NIH, USA, based on the SAR-55

strain-ORF2 expressed in baculovirus system (26). Although

this ELISA was found to be satisfactory in serological iden-

tification of HEV infections, no commercial assay was made

available using this protein. Commercially available ELISA

from Genelabs has been the method of choice in India.

Another issue has been documentation of circulation of

distinct genotypes in humans (genotype 1, 1976–2005) and

swine (genotype 4, 1985–2000) from India [4,7,8 and our

unpublished data]. This was in contrast to reports from

several countries including the USA, Taiwan and Japan,

wherein same genotype was shown to be prevalent in hu-

mans and pigs. Sequence homology between human and

swine strains was reported to be very high postulating zoo-

notic spread of the virus. Although we were able to detect

type 4 infections in pigs using genotype-1-based ELISA [7,8],

it was thought to be important to examine whether the use

of type 4 reagents would lead to the detection of type 4 HEV

infections in humans, raising the possibility of zoonotic

spread of the virus. Thus, our aim was twofold: (i) to develop

recombinant-protein-based ELISA using Indian strain of

Table 1 IgM and IgG-anti-HEV reactiv-

ity in H-ORF2, S-ORF2 and Genelabs

ELISAsELISA reactivity

Epidemic patients Healthy children

IgM-anti-HEV IgG anti-HEV IgM-anti-HEV IgG-anti-HEV

H-ORF2 positive

S-ORF2 positive

Genelabs positive

182 199 0 4

H-ORF2 negative

S-ORF2 negative

Genelabs negative

38 15 179 164

H-ORF2 positive

S-ORF2 positive

Genelabs negative

34 18 0 6

H-ORF2 positive

S-ORF2 negative

Genelabs positive

0 0 0 0

H-ORF2 negative

S-ORF2 positive

Genelabs positive

2 1 0 0

H-ORF2 positive

S-ORF2 negative

Genelabs negative

1 4 1 0

H-ORF2 negative

S-ORF2 positive

Genelabs negative

1 1 0 2

H-ORF2 negative

S-ORF2 negative

Genelabs positive

0 0 0 2

Concordances

H-ORF2/S-ORF2 98.4 97.4 99.4 98.8

H-ORF2/Genelabs 85.6 90.3 99.4 95.5

S-ORF2/Genelabs 86.4 92.01 100 94.3

H-ORF2, ELISA based on genotype 1 ORF2 protein; S-ORF2, ELISA based on

genotype 4 ORF2 protein.

� 2006 The Authors
Journal compilation � 2006 Blackwell Publishing Ltd

440 V. A. Arankalle et al.



human HEV and compare with the widely used, commer-

cially available Genelabs ELISA in an endemic country and

(ii) to compare the performance of human and swine HEV-

based ELISAs in detecting HEV infections. These aspects

mainly deal with IgM-anti-HEV antibodies that are of diag-

nostic value. In addition, comparison of the performance of

Genelabs and human/swine HEV ORF2-based ELISAs in

detecting IgG antibodies useful in surveillance was also

considered worthwhile.

For the initial evaluation, a large number of sera collected

from the patients of acute viral hepatitis during the epi-

demics of hepatitis E (earlier identified as non-A, non-B) over

a period of 17 years were screened (n ¼ 258, Table 1). This

was considered the best option, as most non-A, non-B

hepatitis patients during single source, waterborne out-

breaks would be suffering from hepatitis E. For the assess-

ment of specificity, sera from 180 children were screened.

This age group was selected because exposure to HEV was

earlier shown by us to be minimum, adults exhibiting higher

prevalence of anti-HEV [6]. Excellent specificity of all the

three assays for IgM-anti-HEV detection was evident. How-

ever, Genelabs ELISA was considerably less sensitive in

detecting IgM-anti-HEV positives in epidemic patients, with

concordance of 85.6% (H-ORF2 ELISA) and 86.4% (S-ORF2

ELISA). This observation was further confirmed by testing

sequential serum samples from 11 hepatitis E patients (Ta-

ble 2). Although initial sample was positive by both the tests,

detection by Genelabs assay declined over time. These results

clearly show that negativity in Genelabs assay may not al-

ways be indicative of non-E infection in an endemic country.

A comparison for the detection of IgG-anti-HEV antibodies

showed similar results; concordance with the Genelabs assay

being 90.3% (H-ORF2) and 92% (S-ORF2) in the epidemic

situation and 95.5% and 94.3%, respectively, among heal-

thy children. These differences cannot be attributed to viral

genotypes, as the comparison was made during epidemics of

the disease confirmed to be due to genotype 1. Importantly,

use of either genotype-1- or genotype-4-based ELISA was

equally efficient in detecting both IgM and IgG antibodies.

Testing of sequential samples collected from experimentally

infected monkey (genotype 1) or swine (genotype 4)

(Fig. 3a,b) and naturally infected swine yielded identical

results in both ELISAs.

We therefore conclude that either of these antigens can be

employed in ELISA for the detection of both IgM and IgG-

anti-HEV antibodies against genotypes 1 and 4 HEV. As a

result of the unavailability of sera against types 2 and 3 HEV,

similar observations could not be extended to these geno-

types. In this connection, it is important to note that swine

HEV ORF2 (genotype 3, USA) and human HEV ORF2 (SAR-

55, genotype 1, Pakistan) were interchangeable in ELISA

with respect to their ability to detect anti-HEV [10].

Table 2 IgM-anti-HEV positivity in

sequential samples from hepatitis E pa-

tients determined by H-ORF2 and Gene-

labs ELISAs

Patient no.

Reactivity (post-onset day of sample collection) and S/CO ratios

in H-ORF2/Genelabs ELISAs

1 +/+ (11)

2.26/3.29

+/+ (25)

1.49/1.01

)/) (40)

0.8/0.67

)/) (61)

0.57/0.46

2 +/+ (13)

6.15/4.53

+/+ (27)

3.31/2.2

+/+ (42)

1.22/1.01

± (63)

1.0/0.54

3 +/+ (11)

7.09/1.21

± (25)

5.44/0.8

± (48)

2.36/0.44

+/+ (69)

2.07/1.07

4 +/+ (19)

9.98/1.08

± (33)

8.24/0.67

± (40)

5.47/0.54

± (61)

3.54/0.8

5 +/+ (11)

5.58/1.01

± (25)

2.38/0.45

± (32)

1.12/0.23

NA

6 +/+ (3)

5/1.1

+/+ (17)

3.69/1.47

± (34)

2.05/0.44

)/) (65)

0.99/0.3

7 +/+ (5)

3.55/1.24

+/+ (19)

2.66/1.4

± (35)

1.05/0.48

)/) (56)

0.06/0.47

8 +/+ (6)

5.3/2.74

+/+ (20)

3.3/1.09

± (35)

2.09/0.47

± (56)

2.02/0.29

9 +/+ (11)

4.12/1.47

± (25)

2.94/0.78

± (40)

1.86/0.6

± (61)

1.25/0.33

10 +/+ (3)

8.61/7.64

+/+ (17)

6.94/4.92

+/+ (32)

4.64/2.64

+/+ (53)

3.67/1.91

11 +/+ (3)

7.17/4.91

+/+ (17)

3.61/1.79

± (32)

2.2/0.97

+/+ (53)

1.3/1.12

S/CO, OD for sample/cut-off value for the test; H-ORF2, ELISA based on genotype 1

ORF2 protein.
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Both the proteins were expressed using recombinant

baculovirus system. Usefulness of ORF2 protein expressed in

this system has already been proved [12,26]. Indian swine

HEV ORF2 encodes 674 aa, whereas the human HEV

encodes a protein of 660 aa (Fig. 1). However, a predicted

hydrophobic signal peptide cleavage site in ORF2 protein of

swine isolate eliminates additional 14 aa at the amino ter-

minus resulting in identical sizes of the mature proteins of

both human and swine HEV-ORF2 (641 aa). Immunoblot

analysis showed a major protein of 72 kDa and an �55 kDa

protein reacting with human IgM (Fig. 2a,b). It may be

pertinent to note here that swine and human HEV ORF2

used for the expression of proteins differed by 79.5% at

nucleotide and 91.4% at aa levels (and aa substitutions at

57 positions) did not affect immunoreactivity suggesting

that these aa may not be involved in determining immu-

noreactivity (Fig. 1).

We evaluated Equipar ELISA (Equipar Srl, Saronno (va),

Italy), which uses synthetic antigens from ORF2 and ORF3

regions for IgM-anti-HEV detection from a small number of

acute viral hepatitis patients (n ¼ 88, data not shown). H-

ORF2 ELISA picked up additional 14 positives demonstra-

ting significantly less sensitivity of the commercial ELISA

with concordance of 81.8%.

As the probability of detecting type 4 HEV infections

would be higher in sporadic setting when compared with

common source waterborne epidemics caused by type 1

HEV, we screened 137 sporadic non-A, non-B patients by all

the three assays for IgM-anti-HEV detection and by nested

RT-PCR for the detection of HEV RNA. The results confirmed

superiority of ORF2-protein-based assays in detecting HEV

RNA positives as well as IgM-anti-HEV alone positives.

Interestingly, none of the 36 HEV RNA positives belonged to

genotype 4, all being genotype 1 HEV. These results clearly

show that type 4 HEV infections in humans are absent or too

rare and are at variance with a study from China [28]. Four

overlapping regions of Chinese type 4 HEV ORF2 and the

entire ORF3 were expressed in Escherichia coli as fusion

proteins. Evaluation of 41 Genelabs ELISA positives with the

Fig. 3 Comparison of HEV H-ORF2- and S-ORF2-based

ELISAs in detecting IgG-anti-HEV antibodies in (a) rhesus

monkey infected experimentally with genotype 1 human

HEV and (b) pig infected with genotype 4 swine HEV. S/CO

values indicate ratio of OD values in ELISA and the cut-off

value for the test. PID denoted days after infection with the

respective viruses.

Table 3 HEV RNA positivity and IgM-anti-HEV reactivity in

sporadic non-A, non-B acute viral hepatitis patients

ELISA reactivity No. of patients

S-ORF2 positive

H-ORF2 positive

Genelabs positive

HEV RNA positive

25

S-ORF2 negative

H-ORF2 negative

Genelabs negative

HEV RNA negative

66

S-ORF2 negative

H-ORF2 negative

Genelabs negative

HEV RNA positive

5

S-ORF2 positive

H-ORF2 positive

Genelabs positive

HEV RNA negative

19

S-ORF2 positive

H-ORF2 positive

Genelabs negative

HEV RNA positive

6

S-ORF2 positive

H-ORF2 positive

Genelabs negative

HEV RNA negative

11

S-ORF2 positive

H-ORF2 negative

Genelabs negative

HEV RNA negative

2

S-ORF2 negative

H-ORF2 negative

Genelabs positive

HEV RNA negative

3

H-ORF2, ELISA based on genotype 1 ORF2 protein; S-ORF2,

ELISA based on genotype 4 ORF2 protein.
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ELISAs based on the individual five recombinant polypep-

tides showed differential sensitivity, the best being detection

of 40/41 positives. In addition, 10/39 non-A to non-E pa-

tients scored positive by type 4 ELISA. Of the 10 anti-HEV

positives, 6 were HEV-RNA positive, 2 and 4 were genotypes

1 and 4, respectively. These results probably reflect higher

sensitivity of type 4 polypeptide-based ELISA when com-

pared with Genelabs ELISA rather than genotype-based

additional detection of type 4 HEV infections.

In conclusion, ELISAs based on the use of recombinant

ORF2 proteins from types 1 and 4 HEV expressed in insect

cells can be efficiently used to detect infections with type 1 as

well as type 4 viruses. Although specificity of Genelabs

ELISA was comparable with recombinant ORF2-based ELI-

SAs, sensitivity was markedly less in IgM-anti-HEV detec-

tion. This will pose problems in identifying hepatitis E cases,

especially if samples are collected late in the course of the

disease (‡5 weeks from the onset of the disease), a scenario

not very uncommon in India. It has been shown earlier that

up to 3 weeks after the onset of symptoms, about 80% of the

patients were IgM-anti-HEV positive, declining to 21.8% at

the end of 12th week [2]. There is a need for commercial

availability of more sensitive and equally specific serological

test(s) for HEV diagnosis to avoid under-diagnosis of hepatitis

E and overestimation of non-A to non-E cases. Although

type 4 HEV continues to circulate in pigs from India since at

Fig. 4 Phylogenetic tree depicting

genotypic status of 36 acute sporadic

non-A, non-B hepatitis (INDSP1–IN-

DSP36) human isolates on the basis of

partial ORF1 (300 nt) sequences. Refer

Material and Methods section for

abbreviations used and GenBank

accession numbers for the reference

sequences.

� 2006 The Authors
Journal compilation � 2006 Blackwell Publishing Ltd

Comparison of type 1 and 4 ORF2 protein based HEV ELISAs 443



least 1985, human infections with this genotype are absent/

too rare.
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