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Hepatitis E is a major public health problem in developing countries and is increasingly being

recognized as a causeof substantial sporadic viral hepatitis infections in industrialized countries.

Variable rates of hepatitis E seroprevalence have been reported from the same geographic

regions depending on the assay used. In this study, we evaluated the performance

characteristics of four assays which included two commercial assays, Wantai HEV-IgG ELISA

kit (Wantai, China), and DS-EIA-ANTI-HEV-G kit (DSI, Italy), one NIH-developed immunoassay

(NIH-55 K, Kuniholm et al. [2009] Journal of Infectious Diseases 200:48-56), previously used in

severalmajor seroprevalence studies and one in-houseWestern blot assay (CDC-WB). The limit

of detection of IgG anti-HEV is 100mIU/mL forWantai assay, 200mIU/mL for CDC-WB assay,

1000mIU/mL for DSI assay, and 40mIU/mL for NIH-55 K assay. Pairwise concordance

between the four assays ranged from 56% to 87%. The concordance among all four assays was

observed in 52% of the samples, while the concordance among three assays was observed in

37%of the samples. These data show awide discordance between various IgG anti-HEV assays

and warrant a comprehensive evaluation of all the assays using well characterized global serum

reference panels.
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1 | INTRODUCTION

Hepatitis E Virus (HEV) is the sole member of the family Hepeviridae

which is divided into two genera: Orthohepevirus (mammalian and

avian HEV) and Piscihepevirus (trout HEV). Orthohepevirus A includes

all human HEV isolates consisting of two genotypes isolated from

humans alone (HEV-1 and 2) and three genotypes isolated in both

humans and various animal species and associated with the potential

zoonotic cases (HEV-3, 4, and 7).1–6 HEV is a small, non-enveloped

single-stranded, positive-sense RNA virus, 27-34 nm in diameter, and

a genome of approximately 7200 nucleotides.7,8 It expresses three

open reading frames (ORF), ORF1, ORF2, and ORF39; ORF1 encodes

the non-structural proteins, ORF2 encodes the capsid protein, and the

small ORF3 protein is a cytoskeleton-associated phosphoprotein

having regulatory functions. HEV genotype 1 is endemic to many

developing countries in Asia andAfrica, with the infection varying from

sub-clinical to fulminant hepatitis especially in pregnant women in

whom mortality rates as high as 30% have been reported.10 HEV

genotype 3 infections are prevalent in many developed countries, and

can lead to chronicity in solid organ transplant recipients and

immunocompromised patients.10

Anti-HEV seroprevalence rates ranging from 15.9% to 23% have

been reported from various selected populations in the United

States.11 An assessment of hepatitis E seroprevalence in the United

States was conducted through the Third National Health andNutrition

Examination Survey (NHANES-III), based on testing of 18 695 sera

using an NIH-developed enzyme immunoassay (EIA) based on the

ORF2-encoded 55 kDa protein, henceforth referred to as NIH-55 K

assay.12 This study showed a prevalence of 21% in the general non-

institutionalized U.S. population sampled from 1988 through 1994.12

In a recent study, based on testing a 6000-member subset of the same

NHANES-III (1988-1994) samples by a commercially available assay,
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DS-EIA-ANTI-HEV-G (DSI-EIA, DSI, Germany), a seroprevalence rate

of 10.2%was reported.13 In the same study and using the same assay, a

seroprevalence rate of 6% was observed, when 7885 sera samples

from NHANES-IV (2009-2010) participants were tested.13 Variable

seroprevalence rates in the same populations in the same geographic

regions have previously been reported when different assays were

applied.14–17

In this study, we tested a subset of NHANES-III serum samples

using a commercially available kit, Wantai HEV-IgG ELISA henceforth

referred to as Wantai-EIA (Wantai, China). All samples were also

tested by our newly developed in-house IgG anti-HEV Western blot

assay, henceforth referred to as CDC-WB assay. IgG anti-HEV results

of the samples previously tested by NIH-55 K assay12 were included in

the analysis. This study further highlights the lack of reliability of IgG

anti-HEV assays in generating accurate seroprevalence rates and

warrants a need for comprehensive evaluation of these assays using

well characterized global reference panels.

2 | MATERIALS AND METHODS

2.1 | Study samples

Specimens for this studywere selected froma repositoryofNHANES-III

(1988-1994) serum samples that were previously tested for IgG anti-

HEV by NIH-55 K assay showing 21% seroprevalence.12 A stratified

random sample of 6000 of these specimens were retested by a

commercially available assay, theDSI-EIA, and the resultswere reported

inour recent study.13Fromthis sample set, previously testedbyDSI-EIA

andNIH-55 K,we selected a total of 1804 specimens for further testing

by Wantai-EIA and the CDC-WB assay. This included a subset of

samples positive by both assays (n = 757), negative by both assays

(n = 244), and all discordant samples between the two assays (DSI-EIA

positive/NIH-5 K negative [n = 31]; DSI-EIA negative/NIH-55 K posi-

tive [n = 772]).

We also evaluated the analytical and diagnostic sensitivity of the

assays by testing serial dilutions of the WHO Reference Reagent for

Hepatitis E Virus Antibody (95/584) (National Institute for Biological

Standards and Control, United Kingdom) and seven seroconversion

panels which included one panel of serial samples collected from an

imported case of hepatitis E genotype 418 and six commercially

available HEV genotype 3 seroconversion panels (DiaMex GmbH,

Germany). These seroconversion panels were tested for IgM anti-HEV

and HEV RNA by DiaMex GmBH using the recomWell assays

(Mikrogen Diagnostik, Germany).

2.2 | Serological testing

All samples were tested for IgG anti-HEV by two commercially

available assays, the DS-EIA previously13 and Wantai HEV-IgG EIA

in this study, according to the manufacturers’ instructions. The

calculations for the signal to cut-off ratio (SCR) were performed

based on the manufacturer's recommendations for both assays. In

addition, all samples were also tested by an in-house Western blot

assay, the CDC-WB assay. Briefly, the CDC-WB assay used an

antigen (p166) based on amino acids 452-617 of ORF2 of HEV

genotype 3.19 Precast 12% polyacrylamide gels (Bio-Rad Laborato-

ries, Hercules, CA) were loaded with 80 μL of the purified p166

antigen and transferred to a nitrocellulose membrane using the iBlot

Gel Transfer Apparatus (Novex, by Life Technologies) and standard

procedures. Serum samples, prepared by diluting 60 µL of each

sample in 550 µL of dilution buffer (5% nonfat dry milk, 0.05M Tris-

buffered saline, 0.05% Tween-20) were loaded on the Mini-

PROTEAN II Multiscreen Apparatus (Bio-Rad) and incubated for

12-16 h at room temperature on a rocking platform and washed with

dilution buffer three times for 10 min, each. This was followed by

incubation of the samples with peroxidase labeled anti-human IgG

(gamma) antibody (KPL Inc., Gaithersburg, MD), diluted 1:1000 in

dilution buffer, for 90 min at room temperature, then washing of the

membranes and their development using 3,3′-diaminobenzidine

(Sigma-Aldrich Co. LLC).

3 | RESULTS

3.1 | Analytic and diagnostic sensitivity of anti-HEV
IgG assays

The limit of detection (LOD) of the three methods, Wantai EIA, CDC-

WB, DSI-EIA assay was 100, 200, and 1000mIU/mL, respectively

(Fig. 1). Using the sameWHO Reference Reagent for Hepatitis E Virus

Antibody (95/584) standard, the LOD of IgG anti-HEV for NIH-55 K

has been previously reported as 40mIU/mL.12 The diagnostic

FIGURE 1 Limit of detection. Limit of detection (LOD) was
determined for the CDC-WB assay, DSI EIA, and Wantai EIA, using
serial dilutions of the WHO reference reagent for hepatitis E virus
antibody (95/584). The CDC-WB positivity is denoted by + or − at
the top, the results of the DSI EIA (DSI) are shown in dotted line,
and the results of the Wantai EIA (WT) are shown in solid line. Light
gray line denotes the positive/negative signal to cut-off ratio. The
most sensitive assay was Wantai EIA at 100mIU/mL followed by
the CDC-WB assay at 200mIU/mL and DSI EIA at 1000mIU/mL.
All experiments were performed in triplicate, and the brackets
represent one standard deviation
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FIGURE 2 Seroconversion panels from hepatitis E patients. Six patient seroconversion panels were evaluated by all three assays, including
the CDC-WB, DSI EIA, and Wantai EIA. CDC-WB positivity is denoted by + or − at the top, the results of the DSI EIA (DSI) are shown in
dotted line, and the results of the Wantai EIA (WT) are shown in solid line. Light gray line denotes the positive/negative signal to cut-off ratio.
Commercially-available IgM anti-HEV and HEV RNA results determined by the recomWell kits (rW) were included for comparison. Days on
the x-axis represent the number of days since the original blood draw, denoted by 0 days. HEV seroconversion panels from DiaMex, SCP-
HEV-002b, genotype 3c (Panel A), SCP-HEV-003b from DiaMex, genotype 3c (Panel B), and SCP-HEV-005b, genotype 3a (Panel C), are
shown as representative examples

FIGURE 3 Assay concordance distribution. (A) Pie graph representation of the percentages of concordant and partially discordant assays,
including all four assays, the CDC-WB, DSI EIA, Wantai EIA, and NIH-55K.12 (B) Venn diagram of EIA assay concordance showing the number
of specimens in each category as well as the percentage of the total number of 1804 specimens
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sensitivity of the three assays, determined by testing sequential

samples from HEV infected patients, showed that Wantai assay

detected IgG anti-HEV approximately a week earlier than the other

two assays (Fig. 2). IgG anti-HEV was detectable by all three assays in

all the subsequent samples during the acute and convalescent phases

of HEV infection. Analysis of the SCR showed that the Wantai EIA

generates higher SCR values than the DSI EIA. The seroconversion

panels were not tested byNIH-55 K assay due to lack of its availability.

3.2 | IgG anti-HEV concordance

Out of 1804 samples tested in this study, 1529 samples (85%) were

positive by NIH-55 K EIA,12 1354 samples (75%) were positive by

Wantai EIA, 1227 samples (68%) were positive by CDC-WB, and 788

samples (44%) were positive by the DSI EIA. Of these 1804 samples

tested by three assays (DSI-EIA, Wantai EIA, and CDC-WB), in this

study and by NIH-55 K elsewhere12 727 (41%) were IgG anti-HEV

positive and 202 (11%) were negative in all four assays (Fig. 3),

resulting in 52% of the analyzed samples being concordant by all four

assays. In addition, 456 (25%) were positive in three of the assays, 203

(11%) in two assays, and 216 (12%) in one assay (Fig. 3). Overall

comparison of the three EIAs revealed that of the total of 1804

samples, 1588 (88%) were positive by at least two different assays,

while 12% were positive by only one assay (Fig. 3).

Scatterplots with pairwise comparison of individual EIAs showed

that even in the specimens positive by two assays, there was only

moderate positive correlation between SCRs (Fig. 4). The correlation

coefficients ranged from 0.518 to 0.607, with significant P values

(Fig. 4).

Pairwise concordance between assays, including both positive

and negative samples, ranged from 55.5% to 86.5% (Table 1). Wantai

EIA exhibited higher concordance with CDC-WB and NIH-55 K assay,

but lower concordance with the DSI EIA. In addition, specificity and

sensitivity were calculated using 1804 specimen data, using each of

the four assays as a reference assay. The results of this analysis are

shown in Table 2.

4 | DISCUSSION

The aim of the current study was to determine the analytic and

diagnostic sensitivity and inter-assay concordance of four IgG

anti-HEV assays, some used in a number of published studies and

some currently in use in various diagnostic laboratories worldwide. Of

the two commercially available assays used in this study,Wantai assay

had the highest analytic sensitivity with a limit of detection of

100mIU/mL, which also contributed to its better diagnostic sensitivity

detecting IgG anti-HEV, approximately a week earlier than any of the

other assays used in this study.While the overall diagnostic sensitivity

of the two commercially available assays and one in-house Western

blot assay, determined by testing six seroconversion panels, was

excellent and concordant, there was wide variability in their detection

rates, when samples from a healthy general population were tested. A

FIGURE 4 Graphic comparison of assay disparity. (A) Pairwise
comparison plot of the signal to cut-off ratios (SCR) for the
DSI EIA and Wantai EIA (r2 = 0.523, P < 0.005). Purple dots
represent specimens positive by both assays, blue dots repre-
sent specimens negative by both assays, red dots represent
DSI EIA negative-Wantai EIA positive specimens, and green
dots represent DSI EIA positive-Wantai EIA negativespecimens.
(B) Pairwise comparison plot of the SCR for the NIH-55K12

data and Wantai EIA (r2 = 0.607, P < 0.005). Purple dots repre-
sent specimens positive by both assays, blue dots represent
specimens negative by both assays, red dots represent NIH-
55K positive-Wantai EIA negative specimens, and green dots
represent NIH-55K negative-Wantai EIA positive specimens.
(C) Pairwise comparison plot of the SCR for the NIH-55K data
and DSI EIA (r2 = 0.518, P < 0.005). Purple dots represent
specimens positive by both assays, blue dots represent speci-
mens negative by both assays, red dots represent NIH-55K
positive-DSI EIA negative specimens, and green dots represent
NIH-55K negative-DSI EIA positive specimens
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seroprevalence rate of 21%was previously reported for the NHANES-

III—1988-1994 cycle using the NIH-55 K assay, which was reported to

have a detection limit of 40mIU/mL.12 We previously tested 6000

samples stratified by select demographic characteristics with the DSI-

EIA13 to estimate anti-HEV IgG prevalence and found that precision

was not comparable to estimates of Kuniholm et al.12 Using the DSI-

EIA, we reported a seroprevalence of 10.5%, and observed a decline in

seroprevalence (6%) when the NHANES-IV (2009-2010 cycles)

samples were tested.13

Four assays compared in this study used recombinant antigens

from ORF2 region of the HEV genome, with the main difference

being the size of the recombinant antigen. In addition, the DSI EIA

contained a fusion protein with additional antigenic regions from

ORF2 and ORF3. The inter-assay concordance of the four assays,

two non-commercial, NIH-55 K and CDC-WB, and two commercial

assays, DSI-EIA and Wantai assay, was determined using a subset of

the samples from NHANES-III population. As expected, NIH-55 K

assay had the highest detection rate of IgG anti-HEV positive

samples (N = 1529, 85%) followed by Wantai assay (N = 1354, 75%),

CDC-WB (N = 1227, 68%), and DSI-EIA assays (N = 788, 44%). The

concordance among the four assays ranged from 56% to 87%. The

issue of determining the performance characteristics of IgG

anti-HEV assays and inter-assay concordance has been addressed

in several studies, using samples from various populations. In one of

the earliest such studies, overall pairwise assay concordance ranged

from 41% to 89%, when twelve different assays were used to test

the same sample panel.20 The same study reported pairwise assay

concordance among positive samples between 0% and 89%. A

number of studies have previously addressed the issue of anti-HEV

IgG assay disparity,14–16,21–30 but these studies were limited in the

number of assays used,14,16,17,23,25–27,29 the number and nature of

specimens evaluated,16,21,25,29 lack of direct sample-by-sample

comparison,16,22,24,26,27,29 or exclusive evaluation of select popula-

tions.7,16,17,21,25,28 Two of these studies performed direct compari-

son of Wantai EIA and DSI EIA showing that the sensitivity of these

two assay was comparable, yet there were striking differences in

concordance among the results.7,15 Neither of these studies tested

samples from a general population, but instead they tested

seroconverted patients with previously confirmed acute HEV

infection or immunocompromised and immunocompetent patients

that were anti-HEV IgG positive. Our study provides a sample-by-

sample comparison of almost 2000 samples, obtained from a general

population, each evaluated by four different assays, at different

times, and analyzed in parallel.

Testing of all samples with our in-house Western blot assay,

CDC-WB, showed its highest concordance with Wantai EIA, followed

by NIH-55 K and DSI-EIA (Table 1). We used the CDC-WB assay as a

reference assay to determine the specificity and sensitivity of the

other three assays (Table 2). In addition, we observed a direct

correlation of sensitivity of the assays with their limit of detection;

in pairwise comparisons between three EIAs, the majority of

discordant specimens (96%) were detected by the assay with the

lowest LOD (Fig. 4). However, in every pairwise comparison (Fig. 4), a

smaller proportion of specimens were positive by the assay with the

highest LOD. Furthermore, the SCR values obtained for the samples

positive by the assaywith the highest LOD represented strong positive

results, suggesting that there may be some differences in antigen

recognition between assays. The data from this study are consistent

with several previous studies that showed theWantai EIA as the most

sensitive assay for detection of IgG anti-HEV.16,23,27,29,30 However,

TABLE 1 Concordance between pairs of assays, showing the
percentage of both concordant (bold font) and discordant data
points (regular font)

Discordant results (%)

Concordant
results (%)

Western
blot

DSI
ELISA

Wantai
ELISA

NIH-55K
{Kuniholm,
2009 #639}

Western blot 27.2 14.6 22.7

DSI ELISA 72.8 34.3 44.5

Wantai ELISA 85.4 65.7 13.5

NIH-55K
{Kuniholm,
2009 #639}

77.3 55.5 86.5

TABLE 2 Performance of assays using each assay as a reference point and others as comparators. Ninety-fifth percentile confidence intervals are
listed in the brackets

Reference assay

Specificity (%)*/sensitivity (%)* Western blot DSI ELISA Wantai ELISA

NIH-55K

{Kuniholm, 2009 #639}

Western blot 54.2 [51.2-57.3]/96.7
[95.5-98.0]

84.9 [81.6-88.2]/85.6
[83.7-87.5]

80.4 [75.7-85.1]/ 76.7
[74.6-78.8]

DSI ELISA 95.5 [93.8-97.2]/62.1
[59.4-64.8]

94.2 [92.1-96.4]/56.3
[53.6-58.9]

88.7 [85.0-92.5]/ 49.5
[47.0-52.0]

Wantai ELISA 66.2 [62.3-70.1]/94.6
[93.2-95.7]

41.7 [38.7-44.8]/96.7
[95.5-98.0]

87.6 [83.8-91.5]/ 86.3
[84.6-88.1]

NIH-55K {Kuniholm, 2009
#639}

38.3 [34.3-42.3]/95.6
[94.5-96.8]

24.0 [21.4-26.6]/96.1
[94.7-97.4]

53.6 [49.0-58.2]/97.5
[96.7-98.3]

*[95% Confidence Interval]
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the issue of specificity of this and other commercially available assays

remains to be determined.

The disparity between the assays for detection of anti-HEV IgG is

evident from this study and has been reported in several previous

studies; however, this study included not only samples from well

characterized clinical hepatitis E cases, but also a large number of

samples from the healthy general population. The variable perfor-

mance of commercial anti-HEV assays, and a wide discordance

between them, warrants a comprehensive evaluation of these assays

using well characterized global reference panels which will help in the

validation of reliable assays and subsequent determination of accurate

seroprevalence of hepatitis E worldwide.
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