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Background. Recently, chronic hepatitis E has been reported in solid organ transplant (SOT) recipients in European
countries. Previously, we clarified the prevalence of hepatitis E virus (HEV) infection in Japanese liver transplant recipients
and identified 2 chronic hepatitis E patients infected by blood transfusion. However, the rate of HEV infection in recipients
of SOTs other than liver in Japan remains unclear, so we conducted a nationwide survey to clarify the prevalence of chronic
HEV infection in Japanese heart and kidney transplant recipients. Methods. A total of 99 heart and 2526 kidney trans-
plant recipients in 17 hospitals in Japan were examined for the presence of the IgG class of anti-HEV antibodies as well as
for serum HEV RNA. Results. The prevalence of anti-HEV IgG among heart and kidney transplant recipients was 7.07 %
(7/99) and 4.08% (103/2526), respectively. One heart transplant patient (1.01%) and 11 kidney transplant patients (0.44%)
were found to be positive for HEV RNA. The HEV isolates from all viremic patients were typed as genotype 3. Four patients
developed chronic hepatitis E after transplantation. Three patients were treated with ribavirin; their liver enzymes normalized,
and HEV RNA became negative immediately. Sustained virologic response was achieved in all cases. Conclusions. This
is the first nationwide survey of HEV infection in Japanese heart and kidney transplant recipients. The prevalence of anti-HEV
lgG and HEV RNA in heart and kidney transplant recipients in Japan was lower than that in European countries. Of note,
42% of viremic transplant patients developed chronic hepatitis.
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INTRODUCTION

Hepatitis E is caused by infection with the hepatitis E virus
(HEV), and the isolates that infect humans are currently
categorized into 4 major genotypes (genotypes 1-4).'
Genotypes 1 and 2 are restricted to humans and are mainly
spread by waterborne transmission in developing coun-
tries. In contrast, genotypes 3 and 4 are known to undergo
zoonotic transmission via the consumption of uncooked
or undercooked meat or the viscera of reservoir mammals,
and autochthonous isolates cause sporadic infections in
industrialized countries.>* Recently, there was a report of
one case of a new genotype (genotype 7) that was isolated
from camel meat and milk and that led to chronic HEV
infection in a liver transplant recipient.”

Initially, HEV infection was recognized only as an acute,
self-limiting liver disease requiring no specific therapy in
healthy individuals,’ and HEV infection was known to occa-
sionally cause fulminant hepatic failure in specific high-risk
groups, that s, pregnant women and individuals with chronic
liver diseases.*” However, since the first report of chronic
HEYV infection in solid-organ transplant (SOT) recipients, it
has been recognized that HEV infection in immunocompro-
mised patients leads to chronic hepatitis and liver cirrhosis.’
Furthermore, the first case of HEV-related hepatocellular
carcinoma was recently reported. '

To date, various studies of HEV infection in SOT recipi-
ents have been reported.'' Previously, we reported the
prevalence of anti-HEV antibodies and HEV RNA in liver
transplant recipients in Japan and revealed transfusion-
transmitted cases of chronic hepatitis E.'* To further assess
the characteristics of HEV infection in SOT recipients in
Japan, we conducted a nationwide survey to investigate
the prevalence of HEV infection in heart and kidney trans-
plant recipients.

MATERIALS AND METHODS

Human Subjects

Seventeen hospitals from all regions of Japan partici-
pated in this study. The following 3 hospitals that perform
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heart transplantation that participated (from north to
south) are as follows: Tohoku University Hospital in the
Tohoku area, University of Tokyo Hospital in the Kanto
area, and Kyushu University Hospital in the Kyushu area.
The following 14 hospitals that perform kidney trans-
plantation that participated (from north to south) are as
follows: Sapporo City General Hospital in Hokkaido;
Akita University Hospital and Japan Community Health
Care Organization Sendai Hospital in the Tohoku area;
University of Tsukuba Hospital, Jichi Medical University
Hospital, National Hospital Organization Chiba-East-
Hospital, and Toho University Omori Medical Center in
the Kanto area; Niigata University Medical and Dental
Hospital and Nagoya Daini Red Cross Hospital in the
Chubu area; Takatsuki General Hospital and Inoue
Hospital in the Kinki area; Hiroshima University Hospital
in the Chugoku area; Kochi Health Sciences Center in
the Shikoku area; and Kyushu University Hospital in the
Kyushu area. In Japan, heart and kidney transplantations
are performed in 11 centers and 135 centers, respectively.
Therefore, the percentages of centers in this study to the
whole are 27.3% and 10.4% for heart and kidney trans-
plantation, respectively. We selected the representative
centers with more patients for inclusion in our study.
Between April 1,2015, and December 31, 2017, blood
samples were collected principally once from 2625 SOT
recipients (including 99 heart transplant recipients and
2526 kidney transplant recipients), who received follow-
up at the above-mentioned 17 hospitals after transplan-
tation and agreed to participate in this study. All 2625
samples were tested for anti-HEV antibodies and HEV
RNA at Division of Virology, Department of Infection and
Immunity, Jichi Medical University School of Medicine.
Only patients who were positive for HEV RNA received
continuous follow-up testing for anti-HEV antibodies
and HEV RNA retrospectively (if stored serum samples
were available) and prospectively. The samples were
stored at -80°C until the analysis. The clinical data of
the recipients, including their medical history, medication
profiles, and laboratory test results, were retrieved from
their medical records. This study was approved by the
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institutional review board of each participating hospital
and was conducted in accordance with the Declaration
of Helsinki and ethical guidelines for clinical research.
All SOT recipients gave their written informed consent to
participate in this study.

Detection of Anti-HEV Antibodies and HEV RNA

To detect IgA, IgM, and IgG classes of anti-HEV anti-
bodies, in-house ELISAs were performed using the purified
recombinant ORF2 protein, as previously described.'* Our
previous study indicated that (1) in solid-phase ELISA, the
IgA anti-HEV assay is significantly more specific than the
IgM anti-HEV assay with regard to the ability to diag-
nose hepatitis E; (2) IgA anti-HEV was useful as the first-
choice marker for a diagnostic indicator of recent HEV
infection; and (3) the diagnostic accuracy increases when
positive results obtained by the IgA anti-HEV assay are
confirmed by additional or simultaneous detection of IgM
anti-HEV.'" Therefore, we checked for 3 (IgG, IgM, and
IgA) anti-HEV antibodies.

The optical density of each sample was read at 450 nm.
The cut-off values used for anti-HEV IgA, IgM, and IgG
were 0.642, 0.440, and 0.175, respectively.'* Samples with
optical density values for anti-HEV IgA, IgM, and IgG
equal to or greater than the respective cut-off value were
considered positive for the respective antibody. The speci-
ficity of the ELISA was validated based on absorption with
the same recombinant ORF2 protein that was used as the
antigen probe, as previously described.'*

Total RNA was extracted from 100 pL of each serum
or whole blood sample and subjected to nested reverse
transcription-polymerase chain reaction (RT-PCR) for
the detection of HEV RNA. Nested RT-PCR targeting of
the 137-nucleotide (nt) ORF2/3 overlapping region was
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conducted to screen for HEV RNA. "’ This method is highly
sensitive and is able to detect 1-3 copies of HEV RNA
in 100 pL of serum. For the samples that tested positive
according to the ORF2/3-137 PCR, we performed addi-
tional nested RT-PCR targeting the 457-nt ORF2 region
sequence to confirm the presence of HEV RNA." The HEV
genotype was determined based on a phylogenetic analysis
of the ORF2 nt sequence as previously described.'®!”

Quantitation of HEV RNA was performed by real-time
RT-PCR as previously described.'®

RESULTS
Characteristics of the Subjects

A total of 2625 patients participated in this study (99
heart transplant recipients and 2526 kidney transplant
recipients). Their demographic characteristics and labo-
ratory data are presented in Table 1. Among the heart
transplant recipients, the median age was 43 years, and the
median time between transplantation and serum sampling
was 29 months; 71 (71.7%) of the heart transplant recipi-
ents were men. Among the kidney transplant recipients,
the median age was 52 years, and the median time between
transplantation and serum sampling was 77 months; 1560
(61.8%) of the kidney transplant recipients were men.

Prevalence of Anti-HEV Antibodies and HEV RNA

Among the heart transplant recipients, 7 patients were
found to be positive for anti-HEV IgG, while none had
detectable anti-HEV IgA or IgM (Table 2). In contrast,
among the kidney transplant recipients, 103 patients were
found to be positive for anti-HEV IgG. Among the patients
who were positive for anti-HEV IgG, 11 were also positive
for anti-HEV IgA and/or IgM.

TABLE 1.

Characteristics of recipients

Heart transplantation Kidney transplantation

Total number of recipients, n
Age, y; median (IQR)
Sex, n (%); male/female
Time from transplantation, mo; median (QR)
Immunosuppression, n (%)
Tacrolimus/cyclosporine
Mycophenolic acid/mizoribine/azathioprine
Corticosteroids
Everolimus
History of blood transfusion, n (%); received/none/unknown

99 2526
43 (33-54) 52 (42-62)

71 (71.7)/28 (28.3) 1560 (61.8)/966 (38.2)
29 (8-61) 77 (32-140)

66 (66.7)/32 (32.3)
38 (38.4)/0 (0)/1 (1.0)
39 (39.4)

68 (68.7)

99 (100)/0 (0)/0 (0)

1711 (67.7)/695 (27.5)
2051 (81.2)/139 (5.5)/115 (4.6)
2086 (82.6)
512 (20.3)
1037 (41.1)/802 (31.7)/687 (27.2)

IQR, interquartile range.

TABLE 2.

Prevalence of anti-HEV antibodies and HEV RNA

Heart transplantation (n = 99)

Kidney transplantation (n = 2526)

Anti-HEV lgG-positive, n (%)
Anti-HEV IgM-positive, n (%)
Anti-HEV IgA-positive, n (%)
HEV RNA-positive, n (%)

— O O

(7.07) 103 (4.08)
7 0.28)

10 0.40)

(1.01) 11 0.44)

HEV, hepatitis E virus; Ig, immunoglobulin.
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One of the 99 heart transplant recipients and 11 of
the 2526 kidney transplant recipients were positive for
HEV RNA. The prevalence rates of HEV RNA for heart
and kidney transplant recipients were 1.01% (1/99) and
0.44% (11/2526), respectively (Table 2). Detailed clinical
information for those 12 HEV RNA-positive patients is
shown in Table 3. Four of the 12 viremic patients were
found to be negative for all 3 classes of anti-HEV antibod-
ies at sampling. All 12 of the viremic patients lived in east
Japan, where HEV infection is prevalent.' In the HEV-
infected heart transplant patient, the time between heart
transplantation and blood sampling was 7 months. In con-
trast, among the HEV-infected kidney transplant patients,
the median time between kidney transplantation and
blood sampling was 75 months (range: 17-121 months).
The HEV isolates from all 12 viremic patients were typed
as genotype 3 (subgenotype 3a or 3b) (Table 3).

Chronic HEV Infection and Chronic Hepatitis E

Seven of the 12 HEV RNA-positive patients spontane-
ously became negative for HEV RNA, while the remain-
ing 5 patients (including 1 heart and 4 kidney transplant
recipients) progressed to chronic HEV infection, defined as
HEV viremia exceeding 6 months (Table 3). They had no
episodes of recent rejection, and the immunosuppressant
use among these patients was similar to that in the oth-
ers. The chronic rates of HEV infection for the heart and
kidney transplant recipients were 100% (1/1) and 36.4%
(4/11), respectively. Four of these 5 patients had liver
injury during follow-up and were found to have developed
chronic hepatitis E. The clinical course of these patients is
shown in Figure 1.

Three patients who developed chronic hepatitis E were
treated with ribavirin without reducing their immunosup-
pressant use at the judgment of each doctor in charge (cases
1,2, and 3; Figure 1A-C). After the initiation of treatment,
their liver enzyme levels became normal after 6-13 days,
and HEV RNA became negative after 32-49 days. These
patients remained negative for HEV RNA for more than
6 months after cessation of the treatment, indicating that
a sustained virologic response had been achieved in all 3
cases. The remaining patient has continued to show HEV
viremia and liver injury, and antiviral treatment for chronic
hepatitis E is being considered (case 8; Figure 1D).

Elucidation of Possible Infectious Sources and
Routes

Among the 12 viremic patients, 4 cases (1, 2, 3, and 9)
were transfused during the perioperative period, and 1
(case 8) was transfused during the peri and postoperative
period. In case 1, all pretransplant serum samples were
negative for 3 classes of anti-HEV antibodies and HEV
RNA. HEV RNA became positive on postoperative day
(POD) 9 and remained positive until POD 354. Anti-HEV
IgG converted from negative to positive on POD 76, and
anti-HEV IgA and IgM converted from negative to posi-
tive on POD 333. Therefore, this patient may have been
infected with HEV during or just after heart transplanta-
tion. Anti-HEV antibodies and HEV RNA in that patient
were undetectable in the serum samples from the heart
donor, and the recipient had no history of eating raw or
undercooked meat or shellfish during the perioperative

www.transplantjournal.com

period. A total of 33 units of blood products, including red
blood cells, fresh frozen plasma, and platelets, were trans-
fused to this recipient between the day of the operation
and POD 9. Samples of all of these blood products had
been stored by the Japanese Red Cross Society and were
tested for the presence of HEV RNA; however, HEV RNA
was undetectable in all units. Unfortunately, the source of
HEV infection could not be identified in this case.

In case 9, all pretransplant serum samples were nega-
tive for 3 classes of anti-HEV antibodies and HEV RNA
and these remained negative until POD 356. HEV RNA
became positive on POD 1119 and continued to be posi-
tive until POD 1196. Anti-HEV IgG was negative on POD
1119 and converted to positive on POD 1196. Therefore,
it seems that there is no possibility that this patient was
infected with HEV due to perioperative transfusion. In the
other 3 patients (cases 2, 3, and 8), no serum samples had
been preserved between transfusion and detection of HEV
RNA. Therefore, the possibility of HEV infection due to
transfusion was unclear.

Case 12 was transfused twice during hemodialysis treat-
ment in a previous hospital. Since there were no instances
of increased liver enzymes for 2 years after the transplan-
tation, HEV infection due to the preoperative transfusion
was unlikely in this case.

Seven of the 12 patients had a history of eating high-risk
meals for HEV infection (undercooked pig liver, pig intes-
tine, or deer and boar meat) (Table 3). Accordingly, there
was a high possibility of foodborne transmission of HEV
in those patients, although the source of HEV infection
could not be definitively identified.

DISCUSSION

By 2016, 317 heart and over 36 000 kidney transplanta-
tion had been performed in Japan.?’ Currently, approxi-
mately 1600 kidney transplantations are performed per
year, and cases of heart transplantation have been increas-
ing since the revised Japanese organ transplant law was
enacted in 2010.*!

Regarding HEV infection, the number of national notifi-
cations of acute hepatitis E has been increasing since anti-
HEV IgA antibody measurement for the diagnosis began
to be covered by the government insurance program in
October 2011,%% and the isolation of autochthonous HEV
as a causative agent of acute hepatitis has increased. Since
2016, the annual number of acute hepatitis E cases has
exceeded that of acute hepatitis A cases in Japan. In our
study, the overall prevalence rates of both anti-HEV IgG
and HEV RNA in heart and kidney transplant recipients
were higher than those in liver transplant recipients.'?
Although it is difficult to clarify the underlying reason, this
finding may suggest that the opportunity for exposure to
HEV infection in heart and kidney transplant recipients is
more frequent than in liver transplant recipients in Japan.

In recent years, the prevalence and clinical courses of
hepatitis E in transplant recipients have been reported
mainly in European countries.>***** The prevalence rates
of anti-HEV IgG and HEV RNA in heart transplant recipi-
ents in the present study were 7.07% and 1.01%, respec-
tively, which were slightly lower than the reported rates in
European countries, although the sample size of this study
was smaller than in other studies (anti-HEV IgG, 11.3%;
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FIGURE 1. Clinical course in the chronic hepatitis cases. Postoperative transition of liver enzymes and HEV RNA titers in the chronic
hepatitis cases: case 1 (A), case 2 (B), case 3 (C), case 8 (D). The closed arrowhead indicates the timing of sampling. The closed double
arrow indicates the period of ribavirin administration. ALT, alanine aminotransferase; AST, aspartate aminotransferase; HEV, hepatitis E

virus; POD, postoperative day.

HEV RNA, mean 1.7%, range 1.5%-1.9%)."" Regarding
kidney transplant recipients, the prevalence rates of anti-
HEV IgG and HEV RNA in the current study were 4.08%
and 0.44%, respectively, which were significantly lower
than the reported rates in European countries (anti-HEV
IgG, mean 11.7%, range 2.4%-14.5% and HEV RNA,
mean 1.6%, range 0.2%—4.2%)."" This lower prevalence
in heart and kidney transplant recipients in Japan can be
attributed to the intrinsic lower prevalence of HEV in the
general population in Japan than in European countries.®*®

The guidelines for both the European Association for
the Study of the Liver (EASL) and British Transplantation
Society (BTS) for hepatitis E recommend that HEV RNA
can be used to diagnose HEV infection in transplant recip-
ients.””*® In our study, 4 of the 12 HEV RNA-positive
recipients were found to be negative for all detectable anti-
HEV antibodies at sampling, even though 2 patients (cases
5 and 6) had liver injury. In these 4 cases, HEV infection
could not be diagnosed by measuring only anti-HEV anti-
bodies. A reduction in anti-HEV antibody titers may be
induced by immunosuppressive drugs.”’ Therefore, given
the results of the present study, the measurement of HEV
RNA is highly recommended for ensuring a proper diag-
nosis in SOT recipients.

The main risks of HEV infection for immunosuppressed
patients are exposure to raw or undercooked infected pork
products and blood transfusion.*® Zoonotic HEV infec-
tions from pigs, wild boars, and deer have been shown to
occur in Japan, 71317193132 ¢inyilar to Europe. There is a

risk of contracting HEV infection by consuming shellfish;
however, this risk may be low in our transplant recipients
because they are prohibited from eating sushi. There are
few or no recognized hepatitis E cases caused by water-
borne HEV infection (eg, via drinking well water) in Japan.
In the present study, although the source of HEV infection
could not be definitively identified, foodborne infection
was suspected in 11 patients (except for case 1). Six of the
11 patients (cases 4, 5, 7, 8, 10, and 12) had a history of
eating undercooked pig liver, pig intestine, and/or deer and
boar meat; however, the remaining 5 patients (cases 2, 3,
6, 9, and 11) had no history of consuming such high-risk
meals for HEV infection. Since 2 of these 5 patients (cases
6 and 11) also had no history of blood transfusion, they
must have been infected with HEV via the oral route. There
is a possibility of contracting HEV infection through the
unwitting consumption of foods at high risk of contamina-
tion. Therefore, HEV markers should be examined when
posttransplant recipients present with liver dysfunction of
unknown cause even if they do not report consumption of
food associated with a high risk of HEV infection.

Kamar et al*® suggested a management algorithm for
treating HEV infection in posttransplant patients with
chronic hepatitis. In patients with a low immunological
risk, the reduction of immunosuppressants, especially cal-
cineurin inhibitors, is recommended. In patients with a high
immunological risk, antiviral therapy is suggested because
the immunosuppression usually cannot be reduced. In
the present study, since 3 patients who developed chronic
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hepatitis E (cases 1, 2, and 3) had a high immunological
risk, they received antiviral therapy without reducing their
immunosuppressant use, and sustained virologic response
was achieved in all 3 cases. Because approximately 20%
of patients who receive antiviral therapy experience recur-
rence of HEV infection,”* the BTS guideline recommends
that HEV RNA can be measured for at least 6 months
after the completion of ribavirin therapy.”®

Recently, 11 European countries, including Denmark,
France, Germany, Greece, Ireland, Italy, The Netherlands,
Portugal, Spain, Switzerland, and United Kingdom, sum-
marized the egidemiology of HEV infections among
blood donors.*® The prevalence of HEV RNA in blood
donor population in European countries ranges from
0.02% to 0.13%, which is generally higher than in
Japan (Hokkaido area: 0.012%, outside Hokkaido area:
0.007%).* Recently, however, Japanese Red Cross blood
centers have reported that the prevalence of HEV RNA
detectable by an individual HEV-nucleic acid amplifica-
tion test screening in blood donor population in Tokyo,
Japan, is 0.073%.® This is nearly equal to the prevalence
of European countries.’® Ireland, the Netherlands, and
the UK have already implemented HEV RNA screen-
ing of blood donations.”® Germany and France are
conducting screening for HEV RNA in several blood
establishments or plasma donations intended for use for
high-risk patients, respectively.’® In Japan, screening of
donated blood for HEV has only been conducted in the
Hokkaido area, where HEV infection is particularly prev-
alent.* Recently, it has been argued that donated blood
intended for administration to high-risk patients, such
as SOT recipients, should be screened for HEV RNA.
Furthermore, the implementation of nationwide HEV-
nucleic acid amplification test screening system for blood
donors is being considered in Japan.®’

In conclusion, we conducted a nationwide multicenter
survey of HEV infection in heart and kidney transplant
recipients after having conducted a survey in liver trans-
plant recipients. The results demonstrated that the preva-
lence of anti-HEV IgG and HEV RNA in heart and kidney
transplant recipients was lower in Japan than in European
countries. We should be aware of the possibility of HEV
infection when posttransplant recipients present with liver
dysfunction of unknown cause. We should measure HEV
RNA to diagnose HEV infection in posttransplant recipi-
ents, as immunosuppressive drugs induce a reduction in
anti-HEV antibody titers.
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