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Abstract
Hepatitis E virus (HEV) is emerging as a potential threat to the safety of blood transfusions. In many countries and
regions endemic for HEV, such as China, blood donors are not routinely tested for HEV infection. In this study, 11747
eligible blood donors were screened for anti-HEV immunoglobulin M (IgM)/immunoglobulin G (IgG) and HEV RNA and
antigen in China. Twenty-four donors who were positive for both HEV antigen and RNA were followed for ≥ 70 days,
and none of these donors reported clinical hepatitis or illness. At least 1 follow-up sample was provided by 17 donors,
including 10 with viremia and/or antigenemia for ≥ 70 days and 3 with antigen and RNA positivity for >90 days.
Fourteen of the 17 donors did not present with an obvious serologic response during the follow-up period. These
results differed from previous reports, in which viremia lasted for 68 days and elicited an antibody response. These
donors showed atypical HEV infection progression that differed from that of hepatitis E patients. The presence of these
donors presents a challenge for transfusion transmission screening.

Introduction
Hepatitis E virus (HEV) represents an important global

public health problem. HEV is a leading infectious cause
of acute viral hepatitis in developing countries. Recently,
hepatitis E (HE) has been recognized as an emerging and
often undiagnosed disease in developed countries based
on increasing reports of non-travel-associated, sporadic
cases1,2.
HEV transmission usually occurs by eating and drinking

contaminated food and water3. However, as evidenced by
an increasing number of cases in Europe and Asia, HEV

can also be transmitted via blood transfusion4–7. Prior
studies have shown that the majority of HEV viremic
blood donors are asymptomatic and seronegative for anti-
HEV immunoglobulin M (IgM)/immunoglobulin G (IgG)
at the time of donation2,8–10. Seroconversion was
observed in follow-up samples from all donors, and vir-
emia lasted for 68 days2,8,9. HEV infection occurred in
42–50% of recipients of HEV-contaminated blood pro-
ducts, and most of the donors of these blood products
were asymptomatic at the time of donation11,12. A study
of HEV in immigrants in Italy also suggested that
asymptomatic HEV carriers play a potential role as
human reservoirs, and the virus can be transmitted before
the onset of the acute phase of HE13.
In China, studies of HEV in blood donors were mainly

based on anti-HEV IgM marker and focused on the time
point of donation10,14. In the present study, we conducted
an investigation of HEV-related viremia and seropositivity
among eligible blood donors by using HEV RNA, HEV
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antigen and anti-HEV IgM detection and analyzed the
duration of HEV viremia in both HEV antigen- and HEV
RNA-positive donors in Xiamen, a city in southeastern
China.

Results
Characteristics of HEV RNA, HEV antigen, and anti-HEV
antibodies among qualified blood donors
From December 2013 to February 2014, 5345 samples

from eligible blood donors (donors with normal ALT
levels and negative for HIV, HTLV, SYP, HBV, and HCV)
were individually tested for HEV RNA, HEV antigen, anti-
HEV IgM, and anti-HEV IgG. The overall prevalence rates
of anti-HEV IgM and IgG were 0.71 and 22.96%,
respectively. The prevalence rates of HEV RNA and HEV
antigen were both 0.28% (15/5345). Eleven samples were
positive for both HEV RNA and antigen. Four samples
were only HEV RNA positive, and 4 samples were only
HEV-antigen positive. All donors positive for HEV anti-
gen and/or HEV RNA were completely asymptomatic,
lacked physically detectable symptoms of infection, and
were negative for anti-HEV IgM. Most of these donors
(16/19, 84.2%) were also negative for anti-HEV IgG at the
time of donation.
Because of the good concordance between the HEV

RNA and antigen tests (Supplementary Table S1), HEV
antigen was independently used in the second phase of
this investigation, in which 6402 additional eligible plasma
samples collected from March 2014 to May 2014 were
screened to identify more HEV pathogen-positive blood
donors. Antigen-positive samples were subsequently tes-
ted for the other examined HEV markers. Among 15 HEV
antigen-positive samples, 13 samples were also positive
for HEV RNA in the second phase.
During the two phases of this investigation, from

December 2013 to May 2014, 24 donors were identified as
positive for both the HEV antigen and HEV RNA from
among 11747 eligible blood donors (Fig. 1). In this study,
similar to previously described HEV viremic donors, all 24
donors were negative for anti-HEV IgM, were asympto-
matic, and lacked physically detectable symptoms of
infection at the time of donation.

Analyzing outcomes of HEV pathogen-positive blood
donors
To analyze outcomes, all 24 donors were followed up

for ≥ 70 days through telephone interviews every 2 weeks,
and none of the donors reported clinical hepatitis or ill-
ness during the follow-up period. Seven donors declined
to provide follow-up samples. At least 1 follow-up sample
was provided by 17 donors, including 7 who exhibited
clearance of the HEV RNA and antigen from their plasma
70 days post-donation. However, none of these donors
presented with positive conversion of anti-HEV IgM/IgG

or increasing anti-HEV IgG levels (Fig. 1, right path,
Group 2; Supplementary Table S2).
The other 10 donors exhibited persistent viremia and/or

antigenemia for more than 70 days after donation (Fig. 1,
left path, Group 1; Table 1). The final pathogen-positive
samples were collected at 71-185 (103 ± 35) days post-
donation. At that time, 5 of these 10 donors (donors 1–5)
were positive for both the HEV antigen and HEV RNA,
and the remaining 5 donors (donors 6-10) were positive
for a single pathogen marker (antigen or RNA) (Table 1).
Donors 1, 2, and 3 were positive for both the antigen and
RNA for more than 90 days (155, 92, and 91 days,
respectively; Table 1). Only 1 of the 10 donors (donor 5)
exhibited clearance of the HEV infection (with both the
antigen and RNA becoming negative), which occurred on
the 210th day after donation (Table 1). At the follow-up
time point, none of these 10 donors with persistent vir-
emia and/or antigenemia exhibited positive conversion of
anti-HEV IgM, which was also observed in the 7 donors
with pathogen-negative conversion (Fig. 1, right path,
Group 2; Supplementary Table S2). Three of these 10
donors (donors 3, 4, and 6) with a detectable plasma anti-
HEV IgG level ( ≥ 0.077 WU/mL) at the time of donation
presented with 4.12-fold, 1.56-fold, and 2.23-fold increa-
ses in the anti-HEV IgG levels, respectively, at the end of
the follow-up period (Table 1). The remaining 7 donors
maintained an anti-HEV IgG-negative status throughout
the entire follow-up period, indicating that they did not
undergo serological conversion during this time.
To analyze the immune systems of these donors, we

measured the levels of IgM, IgG, and IgA in the plasma
collected from the 10 donors with persistent HEV viremia
and/or antigenemia. These 10 donors showed normal
levels of antibodies in their plasma (Table 2). Common
variable immunodeficiency diseases were not observed.
All 10 donors were negative for HIV, HTLV, HCV, HDV,
and HBV DNA and were positive for CMV-IgG. These 10
donors were in good health and did not receive immu-
nosuppressive therapy or medicine. These results sug-
gested that these donors were excluded from common
immunocompromised patients. These donors were also
negative for other pathogen markers, such as HAV, CA16,
TB, CMV IgM, HV, and EV71 (data not shown). All 10
follow-up donors were deemed immunocompetent.
No donors had occupations that could potentially

involve a high risk of exposure to an HEV-contaminated
environment, such as farming or animal work. Moreover,
no donors had known contact with a high-risk HEV-
contaminated environment. All of them regularly con-
sumed pork meat and shellfish.
There was no significant difference in HEV RNA or

antigen levels between the 10 donors with long-term
viremia/antigenemia and 7 donors who exhibited clear-
ance of the virus. The HEV-related marker dynamics
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observed in the 10 donors with long-term viremia/anti-
genemia were similar to those observed in the 7 donors
who exhibited clearance of the virus (Figure S1).

Analysis of nucleotide sequences in the samples from
persistent HEV viremia and/or antigenemia donors
To analyze the viral sequences of donors with persistent

HEV viremia and/or antigenemia, HEV RNA in the donor
samples and follow-up samples was amplified with various
primer pairs and methods as described in the Materials
and methods section. The 150-nt ORF2 sequences from 2
donors (donors 2 and 7) were successfully amplified using
a previously reported method15,16. In donor 2, the
sequences isolated from the follow-up samples were
the same as those isolated from the samples collected at
the time of donation. In donor 7, the sequence was only
successfully amplified in the sample collected at the time
of donation and not in the follow-up sample. Phylogen-
etically, the sequence from donor 2 was closest to the 4 h
HEV subtypes (GenBank accession number: DQ450072,
Fig. 2, blue label). The sequence isolated from donor 7
was clustered between genotype 2 (GenBank accession
number: M74506) and genotype 4i (GenBank accession
number: AB291964 and AB253420) (Fig. 2, red label).

Comparison of the progression of the HEV pathogen and
the anti-HEV antibodies between donors with persistent
HEV viremia and/or antigenemia and acute HE patients
To study the differences between donors with long-term

HEV viremia and/or antigenemia and typical HE patients,

we further compared the progression of HEV RNA, HEV
antigen, anti-HEV IgM, and anti-HEV IgG between these
two populations. The series samples from 20 typical acute
HE patients were measured using the same methods
applied to evaluate the blood donor samples.
As shown in Fig. 3, donors with long-term HEV viremia

and/or antigenemia showed atypical HEV infection pro-
gression that differed from that of HE patients. An
undefined mode of HEV infection distinct from that of
typical acute HE patients was observed among blood
donors (Fig. 3d). In donors with long-term HEV viremia
and/or antigenemia, HEV RNA and HEV antigen
remained positive for up to 112 days after donation
(Fig. 3a, upper panel). In acute HE patients, positivity for
HEV RNA and HEV antigen lasted for ≤ 28 days with
abnormal ALT levels, and virus clearance and ALT level
normalization were achieved within 28 days after the
onset of symptoms in all patients (Fig. 3a, c, lower panel).
In other words, the viremic period was significantly longer
for donors than for acute HE patients (p < 0.0001).
Additionally, the levels of HEV RNA and antigen in the
donors with long-term HEV viremia and/or antigenemia
from 1 to 7 days after donation were significantly lower
than those in acute HE patients from 1 to 7 days after HE
onset (p < 0.005, Fig. 3a). Anti-HEV IgM was not detected
in any donor (Fig. 3b, upper panel), but positivity for anti-
HEV IgM and anti-HEV IgG was observed at the time of
the first sample collection and persisted for 224 days after
the onset of symptoms in most HE patients (Fig. 3b, lower
panel). The anti-HEV IgG levels in donors were also

Fig. 1 A schematic of the follow-up data from the 17 blood donors who were positive for both the HEV antigen and RNA (n=17). Among
these 17 donors, 10 showed persistent viremia and/or antigenemia for ≥70 days after donation and increased anti-HEV IgG levels were observed in 3
donors. The other 7 donors showed negative conversion of pathogens (with both HEV antigen and RNA becoming negative) without a serologic
response. Increasing IgG: increasing anti-HEV IgG level; Ag: HEV antigen
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significantly lower than those in patients who had
recovered from acute HE (p < 0.0001).

Discussion
Seroprevalence studies conducted in many countries

have shown that the prevalence of HEV RNA in blood
donors ranges from 0.012% to 0.6%11,17,18. Cases of
transfusion-transmitted HEV infection have been repor-
ted in Asia and Europe19. Patients who require transfusion
are often immunosuppressed or in poor health. In the UK,
75% of blood and blood components are administered to
immunocompromised patients19. Blood donations con-
taminated with the HEV pathogen represent an obstacle

for the administration of safe transfusions. The present
study showed that the positive rate of HEV RNA was
0.28% (15/5345), which was higher than that previously
reported among Chinese blood donors (0.04%)10, in which
anti-HEV IgM was used as the major detection marker.
Furthermore, the positive rate of HEV RNA shown in our
study was also higher than most reported values from
European countries11,17,18, which was consistent with the
higher prevalence in China than in Europe.
In this study, we found that HEV infection progression

in 10 pathogen-positive donors was inconsistent with that
reported in previous studies and differed from that in
typical HE patients. Among 11747 eligible blood donors,

Table 1 Characteristics of the donors with long-term HEV viremia and/or antigenemia

Donors Agea Sexb Careerc Sample Days post-

donation

RNA (copies/mL)d HEV Ag

(S/CO)e
Anti-HEV IgM

(S/CO)e
Anti-HEV IgG

(WU/mL)f

1 42 F Other 1-1 1 5.55E+ 05 1.192 0.023 0.039

1-2 95 5.15E+ 04 1.833 0.015 0.039

1-3 155 5.05E+ 04 1.958 0.046 0.039

2 35 F Office clerk 2-1 1 1.41E+ 05 12.275 0.15 0.039

2-2 19 4.18E+ 05 28.208 0.027 0.039

2-3 92 2.05E+ 05 23.192 0.023 0.039

3 38 F Other 3-1 1 4.47E+ 04 2.417 0.035 0.078

3-2 91 2.32E+ 04 1.45 0.004 0.321

4 47 F Worker 4-1 1 2.18E+ 05 1.087 0.127 0.404

4-2 78 1.74E+ 05 1.595 0.037 0.613

5 33 M Doctor 5-1 1 7.22E+ 04 1.075 0.004 0.039

5-2 86 6.10E+ 04 1.042 0.031 0.039

5-3 210 neg 0.808 0.054 0.039

6 51 M Civil servant 6-1 1 1.22E+ 05 1.925 0.004 0.145

6-2 101 neg 3.633 0.031 0.324

7 23 M Other 7-1 1 7.15E+ 05 4.592 0.015 0.039

7-2 71 1.09E+ 04 0.042 0.015 0.039

8 21 M Worker 8-1 1 8.34E+ 04 3.392 0.035 0.039

8-2 69 1.69E+ 04 0.9 0.05 0.039

8-3 185 1.47E+ 04 0.742 0.004 0.039

9 20 M Worker 9-1 1 7.59E+ 04 3.567 0.042 0.039

9-2 91 neg 1.442 0.254 0.039

10 35 M Office clerk 10-1 1 4.89E+ 04 3.692 0.073 0.039

10-2 81 2.74E+ 04 0.125 0.031 0.039

aAge at time of donation
bSex: F: female; M: male
cPotential careers included farmer, worker, office clerk, civil servant, student, teacher, doctor, other health worker, business staff, and other. Unemployed, self-
employed, and housewife were included in the “other” category
d“neg” indicates negative for HEV RNA detection
eS/CO: signal to cut-off ratio. Values of S/CO ≥ 1 were identified as positive
fWU/mL: WHO units/mL. The levels of anti-HEV IgG in samples that were negative for anti-HEV IgG detection were set as 0.039 WU/mL
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24 donors were identified as positive for both HEV anti-
gen and HEV RNA, with anti-HEV IgM negativity and
normal ALT levels. These 24 donors were followed up
for ≥ 70 days; none of them reported clinical hepatitis or
illness, and 17 provided at least 1 follow-up sample ≥

70 days after donation (Fig. 1). Ten of these 17 donors had
HEV viremia and/or antigenemia ≥ 70 days after donation,
and 3 were positive for both HEV antigen and RNA for
more than 90 days (Fig. 1; Table 1). None of these donors
had been exposed to or had contact with a high-risk HEV-

Table 2 IgM, IgG, and IgA quantification and other pathogen markers in donors with persistent HEV viremia

Donor IgM

(0.4–2.5

mg/ ml)

IgG

(7-16

mg/ml)

IgA

(0.8-4

mg/ml)

HIV

RNAa

Anti-

HIV

(S/CO)b

Anti-

HTLV

(S/CO)

HAV-Aba HBV

DNAa

HBsAg

(S/CO)b
HBsAb

(S/CO) b

HBeAg

(S/CO)b
HBeAba Anti-

HCV

(S/CO)b

HDV-

IgG

(S/CO)b

CMV-

IgG

(S/CO)b

1 1.61 13.27 2.58 − 0.11 0.01 + − 0.22 33.98 0.02 − 0.17 0.05 16.79

2 2.05 14.14 2.69 − 0.14 0.03 + − 0.08 32.97 4.71 + 0.03 0.05 13.16

3 1.98 15.81 3.03 − 0.05 0.02 + − 0.76 33.60 0.04 − 0.03 0.05 21.34

4 1.90 13.65 3.07 − 0.48 0.02 + − 0.29 17.75 0.03 − 0.18 0.04 11.17

5 1.17 13.91 2.90 − 0.04 0.03 + − 0.06 0.13 0.03 − 0.03 0.05 3.62

6 0.54 14.86 3.02 − 0.07 0.03 + − 0.08 2.39 0.04 − 0.04 0.08 12.44

7 1.31 13.38 2.60 − 0.07 0.03 + − 0.10 0.18 0.04 + 0.03 0.04 3.86

8 1.05 13.51 2.75 − 0.06 0.03 − − 0.18 2.62 0.02 − 0.03 0.04 8.10

9 1.23 14.86 2.72 − 0.03 0.01 + − 0.27 33.98 0.04 − 0.03 0.05 16.79

10 1.24 14.11 2.76 − 0.03 0.01 − − 0.55 20.04 0.01 − 0.03 0.04 14.51

a“−“ indicates negative for HIV RNA, HAV-Ab, HBV DNA, or HBeAb detection. “+“ indicates positive for HIV RNA, HAV-Ab, HBV DNA, or HBeAb detection
bS/CO: signal to cut-off ratio. Values of S/CO ≥ 1 were identified as positive

Fig. 2 Phylogenetic tree analysis of the donors with long-term HEV viremia and/or antigenemia. Phylogenetic tree of genotypes 1–4 (a) and
genotypes 2 and 4 alone (b). The HEV sequences were based on partial ORF2 nucleotide sequences from blood donors. The sequences from donors
2 and 7 are shown in blue and red, respectively. In the phylogenetic trees for genotypes 2 and 4 alone, the GenBank accession number, virus host,
and country of detection are indicated for the reference sequences. The bootstrap values > 70 were shown
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Fig. 3 Dynamics of the HEV pathogen (RNA and antigen) (a), anti-HEV antibodies (IgM and IgG) (b) and ALT levels (c), and models (d) among 10
donors with long-term HEV viremia and/or antigenemia (upper panel) and 20 acute hepatitis E (HE) patients (lower panel) during the follow-up
period. Samples were collected from 10 donors who presented with long-term HEV viremia and/or antigenemia from 1 to 7 days (n= 10), 8 to
28 days (n= 1), 1 to 28 days (n= 11), 29 to 112 days (n= 10), and ≥ 113 days (n= 3) after donation. Samples were also collected from 20 HE patients
from 1 to 7 days (n= 17), 8 to 28 days (n= 24), 1 to 28 days (n= 41), 29 to 112 days (n= 28), and ≥ 113 days (n= 4) after the onset of symptoms.
Dotted lines represent the cut-off levels for the HEV antigen and anti-HEV IgM/IgG values. Viral RNA, HEV antigen, anti-HEV IgM, and anti-HEV IgG
values and ALT levels are presented as ranges (whiskers), interquartile ranges (boxes), and medians (lines within the boxes). The differences in RNA
and antigen levels between blood donors from 1 to 7 days after donation and HE patients from 1 to 7 days after onset were analyzed using the
Mann–Whitney U test. “*”p < 0.05; “**”p < 0.01; “***”p < 0.001
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contaminated environment, and all of them regularly
consumed pork meat and shellfish. The sequences iso-
lated from the follow-up samples of donor 2 were the
same as those from the sample collected at the time of
donation. Therefore, these donors may have long-term
viremia and/or antigenemia. The period of viremia in
these 10 donors was longer than that observed in previous
reports, in which the duration of HEV viremia in blood
donors was reported to be 68 days2,8,9. The duration of
HEV viremia was considered to be 68 days and 46 days in
Dutch and England blood donors, respectively8,9. A pre-
vious study showed that HEV viremia lasted a maximum
of 52 days in blood donors in Germany2. Our study
showed that HEV viremia could last up to 90 days in
blood donors. Single HEV RNA was used to identify HEV-
positive cases in these previous reports2,8,9, but both HEV
antigen and RNA were used to identify HEV-positive
cases in this study, further confirming that the viremic
period could be ≥ 68 days in blood donors. These results
suggest that the period of viremia in blood donors was
longer than 28 days, as observed in acute HE patients with
ALT elevations.
Anti-HEV IgM/IgG-positive conversions were not

observed in the 17 donors who provided a sample during
the follow-up period. Increased IgG levels were found in 3
donors who were positive for anti-HEV IgG at the time of
donation. In acute HE patients, anti-HEV IgM positivity
and anti-HEV IgG positivity were generally present with
the onset of symptoms and persisted for approximately
224 days (Fig. 3). Previous reports have also demonstrated
that anti-HEV IgM and anti-HEV IgG can persist in the
serum for an average of 5 months and 24 months,
respectively20,21. As a result, most of the follow-up sam-
ples were collected ≥ 70 days after donation in this study,
and anti-HEV IgM seroconversion should have been
observed at least in certain cases at that time. Anti-HEV
IgM seroconversion did not occur in patients with rein-
fection, although anti-HEV IgG seroconversion or an
increase in anti-HEV IgG levels should have been
observed. This finding suggests that 14 of the 17 donors
did not present with an obvious serologic response during
the follow-up process. This phenomenon is inconsistent
with findings described in previous reports, in which
seroconversion occurred during the follow-up period of
viremic donors who were seronegative at the time of
donation2,8,9. Generally, HEV infection causes typical
acute HE, but chronic HE was also found in immuno-
suppressed persons22,23. In these chronic HEV infection
cases, HEV RNA and HEV antigen can persist for ≥
6 months with abnormal ALT levels, and anti-HEV IgM/
IgG positivity can be observed in most chronic HEV
cases22,23. The HEV infection progression shown in this
research with persistent HEV viremia and/or antigenemia
and rare antibody responses differed from that observed

in chronic HEV cases. Similar cases were also observed in
a recent German study through retrospective analysis, and
this study suggested that the blood products from these
carriers lead to transfusion-transmitted HEV infection24.
Final infection clearance was not observed in the 10

donors with long-term viremia/antigenemia. An obvious
serologic response was not observed in donors with
pathogen-negative conversion. It is hypothesized that
these 17 donors showed the same HEV infection pattern
and that the 7 donors who showed infection clearance
were in the late phase of this infection pattern.
In this study, we analyzed all 5345 samples in the first

phase for HEV RNA. There was no significant difference
in the HEV RNA levels between the single HEV RNA-
positive and both HEV RNA- and HEV antigen-positive
donors (Supplementary Figure S2). Differences in the
HEV RNA levels were found between acute HE patients
and HEV carriers in blood donors (Fig. 3). No patients or
carriers were observed who were HEV antigen negative
with HEV RNA levels of > 106 copies/mL. All the cases
with RNA level > 106 copies/mL were found in acute HE
patients who were also HEV antigen positive. Further-
more, all of these HE patients showed obvious antibody
responses and virus clearance during the follow-up per-
iod. We speculated that the levels of HEV RNA and HEV
antigen may be related to the induction of immune
responses and virus clearance. Meanwhile, 7 donors who
exhibited clearance of the virus did not report clinical
symptoms and did not display serologic responses in the
present study. Therefore, there may be an unknown
mechanism of viral clearance in these HEV carriers dif-
ferent from that in acute HE patients.
In summary, this study identified immunocompetent

HEV pathogen-positive donors with long-term viremia
and/or antigenemia and without a serologic response or
symptoms of hepatitis. None of these donors had been
exposed to or had contact with a high-risk HEV-con-
taminated environment. These donors thus present a
challenge for the screening of transfusion-transmitted
infections.

Materials and methods
Sample collection
Plasma samples were collected from volunteers at the

Xiamen Blood Station in China and tested for all routinely
screened donor markers. The donors included in the
study were negative for hepatitis B virus (HBV), hepatitis
C virus (HCV), syphilis (SYP), and human immunodefi-
ciency virus (HIV) and had normal alanine amino-
transferase (ALT) levels without signs of hepatitis during
routine donor screening in the blood station. From
December 2013 to February 2014, 5345 eligible plasma
samples were individually tested for all 4 HEV-related
markers, including anti-HEV antibodies (IgM and IgG)
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and the HEV pathogen (RNA and antigen). Because of the
good concordance found between the HEV RNA and
antigen tests in this study, 6402 additional eligible plasma
samples were tested for the HEV antigen. Only HEV
antigen-positive samples were subsequently tested for
HEV RNA, anti-HEV IgM, and anti-HEV IgG to identify
additional HEV pathogen-positive donors from March to
May 2014. All blood donors who were both HEV RNA
and antigen positive were followed up for ≥ 70 days. The
follow-up samples were also tested for all 4 HEV-related
markers.
Samples from 20 acute HE patients with at least 1

follow-up serum sample were collected in Dongtai
(Jiangsu Province, China) from December 2013 to May
2014. Acute HE cases were defined as both HEV RNA-
and antigen-positive acute hepatitis patients with at least a
2.5-fold upper limit of normal (ULN) elevation in ALT
levels who had suffered from a loss of appetite and/or
fatigue for ≥ 3 days.
This study was designed and performed in accordance

with the ethical guidelines of the 1975 Declaration of
Helsinki. Written informed consent was obtained from all
participants. This study was approved by the Ethics
Committee of the Jiangsu Provincial Center for Disease
Control and Prevention and the Xiamen Blood Service.

HEV RNA detection using quantitative reverse transcript
(RT) PCR
HEV RNA detection was performed using a real-time

RT-PCR assay using primers that targeted nt 5302-5371
based on GenBank accession no. M73218 as previously
reported25–27. Briefly, HEV RNA from individual samples
was extracted from 100 μL of each sample, and then, 5 μL
of the extracted nucleic acid was used for quantification
using a commercial one-step RT-PCR kit (Genmagbio,
Beijing, China). All real-time RT-PCR tests were per-
formed using the CFX96TM Real-Time System and a
C1000TM thermal cycler device (Bio-Rad Inc., Hercules,
CA, USA). The RNA value was calculated in copies/mL by
comparison with a standard curve of serial 10-fold dilu-
tions of high titer plasmids of known potency in viral copy
numbers. The sensitivity of real-time RT-PCR was ~8
copies per test and 800 copies/mL.

Serological testing
HEV antigens were detected in the samples using

commercial kits from Wantai, Beijing, China, which were
optimized as previously reported26. The antibodies mAb
12F1226 and mAb no.428 were used as the capture and
detection antibodies, respectively. These commercial
antigen detection kits can only be used for research. Anti-
HEV antibodies (anti-HEV IgG/IgM) were detected using
commercial ELISA kits (Wantai, Beijing, China) according
to the manufacturer’s instructions. These commercial kits

have been used in many studies, and anti-HEV IgG has
been shown to be the most sensitive test available for anti-
HEV IgG detection2,29,30. The levels of anti-HEV IgG were
measured using a World Health Organization (WHO)
reference serum31. The detection limit of the assay was
0.077 WHO units per milliliter (WU/mL)31. If the samples
were negative for anti-HEV IgG detection, then the levels
of anti-HEV IgG in these samples were set as 0.039 WU/
mL. A 50-μL volume of each sample was used for antigen
detection, and a volume of 10 μL was used for antibody
detection.
The levels of immunoglobulin A (IgA), immunoglobulin

M (IgM), and immunoglobulin G (IgG) in plasma samples
of donors with persistent HEV viremia and/or anti-
genemia for ≥ 70 days after donation were quantified
using commercial kits according to the manufacturer’s
instructions (Bethyl, Texas, USA). Normal levels for IgA,
IgM, and IgG were 0.8–4 g/L, 0.4–2.5 g/L, and 7–16 g/L,
respectively32,33. HIV, HTLV, HAV, HBV, HCV, HDV,
CMV, CA16, TB, and EV71 in plasma samples of donors
with persistent HEV viremia and/or antigenemia for ≥
70 days after donation were also measured in the lab using
commercial kits according to the manufacturer’s
instructions (Wantai, Beijing, China).

HEV genotyping and sequence analysis
HEV RNA was amplified using different methods and

primer pairs that targeted ORF1 (nt 119–364 and 4325-
4603) or ORF2 (nt 5978-6389, 6028-6331, and 6351-6500,
according to GenBank accession no. AJ272108) reported
in previous studies15,16,34–37. After DNA sequencing, the
sequences were analyzed against the available sequences
in the GenBank database using Mega 6 software. The
phylogenetic tree was analyzed using the neighbor-joining
model.

Statistical analysis
The statistical analysis was performed using SPSS 17

(SPSS Inc., Chicago, IL, USA). Differences between blood
donors and HE patients were analyzed using the
Mann–Whitney U test. Differences with a p value of <
0.05 were considered to be statistically significant.
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