
Infections with hepatitis E virus (HEV) in solid-organ 
transplant recipients can lead to chronic hepatitis. However, 
the incidence of de novo HEV infections after transplantation 
and risk for reactivation in patients with antibodies against 
HEV before transplantation are unknown. Pretransplant 
prevalence of these antibodies in 700 solid-organ trans-
plant recipients at Toulouse University Hospital in France 

was 14.1%. We found no HEV reactivation among patients 
with antibodies against HEV at the fi rst annual checkup or 
by measuring liver enzyme activities and HEV RNA. In con-
trast, we found 34 locally acquired HEV infections among 
patients with no antibodies against HEV, 47% of whom had 
a chronic infection, resulting in an incidence of 3.2/100 per-
son-years. Independent risk factors for HEV infection were 
an age <52 years at transplantation and receiving a liver 
transplant. Effective prophylactic measures that include 
those for potential zoonotic infections should reduce the risk 
for HEV transmission in this population.

Large epidemics of hepatitis E have occurred in Asia, 
Africa, and Latin America where sanitation is subopti-

mal (1). The numbers of non–travel-associated hepatitis E 
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HEV in Solid-Organ Transplant Recipients

virus (HEV) infections have also increased in industrialized 
countries in recent years, and these infections are now con-
sidered an emerging infectious disease in Western coun-
tries (2). HEV belongs to the family Hepeviridae. At least 4 
major genotypes of HEV have been recognized. Genotypes 
1 and 2 are restricted to humans and associated with epi-
demics in developing countries, and genotypes 3 and 4 are 
zoonotic and infect humans and several other animals in 
developing and industrialized countries (3). The discovery 
of animal strains of HEV in pigs, wild boars, deer, and ro-
dents and the fi nding of other animal species with antibod-
ies against HEV has broadened the host range and diversity 
of HEV (3).

Although HEV is transmitted mainly by the fecal–oral 
route in developing countries, there are other routes in in-
dustrialized countries. These routes include contact with 
animal reservoirs (4,5) and consumption of undercooked 
pig, deer, or wild boar meat (6–8). Nosocomial infection 
and transfusion-transmitted infection have also been re-
ported (9–11). HEV infection generally has a self-limiting 
symptomatic course or an asymptomatic course that in-
cludes acute hepatitis. Fulminant hepatitis may occur in 
pregnant women and persons with underlying liver disease 
(1,12,13). HEV can lead to chronic infection in solid-organ 
transplant (SOT) patients (14–16), in patients who have 
had chemotherapy (11,17,18), and in patients infected with 
HIV (19,20). HEV infection can evolve to chronic hepatitis 
in up to 60% of infected SOT patients (16).

Reactivation of an HEV infection was reported recent-
ly in a patient in Germany who had acute lymphoblastic 
leukemia after allogeneic stem cell transplantation (21). 
This reactivation was diagnosed as acute limited hepatitis E 
before stem cell transplantation. HEV viremia reappeared 
14 weeks after stem cell transplantation with increased 
aminotransferase activity. Analysis of virus RNA sequenc-
es showed reactivation of endogenous HEV genotype 3, 
which indicated that the virus had persisted despite the re-
covery of the patient from acute hepatitis E (21).

Southwestern France is characterized by a high preva-
lence of antibodies against HEV in blood donors (22), 
and several cases of HEV infections have been reported 
in immunocompetent and immunocompromised patients 
(23,24). However, the incidence and risk for reactivation 
of HEV infection in SOT patients in this area are unknown. 
To identify these factors, we examined a large cohort of 
immunocompromised patients at Toulouse University Hos-
pital, France, during January 2004–December 2009 to de-
termine the prevalence of antibodies against HEV in SOT 
recipients before transplantation, the frequency of HEV re-
activation, the incidence of HEV infections relative to the 
organ transplanted, and the risk for HEV transmission from 
the organ donor or from a blood transfusion.

Patients and Methods

Patients
A total of 808 adult patients underwent transplantation 

of a kidney or liver during January 2004–December 2008 at 
Toulouse University Hospital. All adult patients for whom 
a blood sample obtained on the day of transplantation was 
available were included in the study (n = 700, 529 kidney 
transplant recipients and 171 liver transplant recipients). 
Serum samples obtained on the day of transplantation and 
during annual checkups until December 2009 were tested 
for immunoglobulin (Ig) M and IgG against HEV. Positive 
samples were tested for HEV RNA.

Patients with pretransplant antibodies against HEV 
were investigated for HEV reactivation by testing for HEV 
RNA at the fi rst annual checkup and for increased liver 
enzyme activities during follow-up. Patients without pre-
transplant antibodies who underwent IgG seroconversion 
and patients who had unexplained acutely increased liver 
enzyme activities during follow-up were also tested for 
HEV RNA. Patients whose test results were antibody nega-
tive before transplantation were monitored from the date 
of transplantation until the date of IgG seroconversion or 
HEV infection, death, last health care encounter, or study 
end (December 31, 2009).

Frozen serum samples from donors (obtained at Tou-
louse University Hospital) who had donated an organ to an 
HEV-infected recipient were also tested for IgG and IgM 
against HEV and HEV RNA to determine whether trans-
mission had occurred by organ transplantation. Similarly, 
frozen serum samples from donors who gave blood to an 
HEV-infected recipient were also tested for IgG and IgM 
against HEV and HEV RNA to determine whether HEV 
infection had occurred by blood transfusion. 

Case Defi nitions
Patients who had IgG, IgM, or both against HEV but 

did not have HEV RNA were considered uninfected. Pa-
tients who were negative for antibodies against HEV at 
transplantation and who showed HEV IgG seroconversion 
during follow-up were considered to have a de novo HEV 
infection. Patients who were positive for HEV RNA were 
also considered to have an HEV infection that was indepen-
dent of IgG or IgM against HEV.

Laboratory Investigation for HEV Infection
We detected IgM and IgG against HEV by using 

EIAgen HEV IgG and EIAgen HEV IgM Kits (Adaltis 
Ingen, Paris, France). Ratios of antibodies against HEV 
were sample optical densities/cutoff optical densities. A re-
sult was considered positive if the sample ratio was >1. We 
used real-time PCRs and a hydrolysis probe to detect HEV 
RNA (24,25). Virus genotype was determined by sequencing 
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a 189-nt fragment within the open reading frame 2 gene 
(26). Phylogenetic analyses were performed by using geno-
type information of reference sequences based on the HEV 
classifi cation proposed by Lu et al. (27).

Statistical Analysis
Analyses were performed by using Stata version 9.2 

(StataCorp LP, College Station, TX, USA). The χ2 test or 
Fisher exact test was used to compare proportions. Student 
t test was used to compare continuous variables. A p value 
<0.05 was considered signifi cant.

Demographic and clinical factors associated with pre-
transplant antibodies against HEV were evaluated by using 
univariate analyses. We analyzed sex, age at transplanta-
tion (<52 years or >52 years), place of residence on the 
basis of community size (<20,000 or >20,000 inhabitants), 
type and cause of transplantation, and immunosuppressive 
therapy at discharge (each therapy or triple and double 
immunosuppressive regimens). Variables with a p value 
<0.10 by univariate analysis were entered into a multivari-
ate, backward, stepwise logistic regression analysis to iden-

tify variables independently associated with pretransplant 
HEV seroprevalence.

Incidence of HEV infection and 95% confi dence in-
tervals (CIs) among SOT patients negative for antibodies 
against HEV was calculated. For the purpose of estimat-
ing the date of HEV infection for patients with HEV IgG 
seroconversion, we used the date midway between the last 
available seronegative test result and the fi rst available se-
ropostive test result. Demographic and clinical risk factors 
were entered into a Poisson regression to assess factors as-
sociated with de novo HEV infection. Risks are expressed 
as incidence rate ratios and their 95% CIs.

Results

Pretransplant HEV Seroprevalence
Blood samples from 700 SOT recipients were screened 

on the day of transplantation. Median age of patients at trans-
plantation was 52 years (range 18–79 years); 459 (65.6%) 
of the patients were men (Table 1). No demographic or 
clinical factors were associated with pretransplant antibod-
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Table 1. Characteristics of 700 solid-organ transplant recipients and seroprevalence of antibodies against HEV before transplant,
France, January 2004–December 2008* 
Characteristic No. patients HEV IgG positive, no. (%) HEV IgM positive, no. (%) 
Sex
 M 459 57 (12.4) 8 (1.7) 
 F 241 32 (13.2) 9 (3.7) 
Age at transplantation, y 
 <52 347 43 (12.4) 8 (2.3) 
 >52 363 46 (13.0) 9 (2.5) 
Transplant type 
 Liver 171 21 (12.3) 4 (2.3) 
 Kidney 529 68 (12.8) 13 (2.4) 
Cause of kidney transplantation 
 Glomerulonephritis 188 27 (14.3) 4 (2.1) 
 Genetic nephritis 102 15 (14.7) 1 (0.9) 
 Pyelonephritis or interstitial nephritis 92 7 (7.6) 2 (2.1) 
 Nephroangiosclerosis 82 9 (10.9) 2 (2.4) 
 Other 57 10 (17.5) 4 (7) 
Cause of liver transplantation 
 Alcoholic cirrhosis 67 6 (8.9) 0
 Hepatitis B or C 60 7 (11.6) 2 (3.3) 
 Autoimmune cirrhosis 9 2 (22) 1 (11) 
 Other 35 6 (17.1) 1 (2.8) 
Hepatocarcinoma (yes/no) 64/107 9 (14) 2 (3.1) 
Induction treatment (yes/no) 501/199 73 (14.5) 14 (2.8) 
Interleukin-2 receptor blockers 292 40 (7.3) 4 (1.3) 
Rabbit antithymocyte globulins 160 25 (15.6) 8 (5) 
Immunosuppressive therapy at discharge 
 Belatacept 49 8 (16.3) 2 (16.3) 
 Cyclosporine A 182 27 (15.3) 1 (0.5) 
 Tacrolimus 442 52 (11.7) 14 (3.1) 
 Steroids 657 85 (12.9) 17 (2.5) 
 Mycophenolate 593 74 (12.5) 15 (2.6) 
 Azathioprine 2 0 0
*HEV, hepatitis E virus; Ig, immunoglobulin. 
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ies against HEV. IgG, IgM, or both antibodies against HEV 
were found in 99 patients (14.1%): 77 of the 529 kidney-
transplant patients (14.5%) and 22 of the 171 liver-transplant 
patients (12.9%) (Figure 1). Serum from 17 patients (2.4%) 
contained HEV IgM (7 of these patients were also IgG posi-
tive). None of the 99 patients who had antibodies against 
HEV had HEV RNA. Pretransplant seroprevalence varied 
according to year of transplantation (range 8.7%–16.3%), 
although these variations were not signifi cant.

HEV Reactivation in Pretransplant 
Seropositive Patients

We determined HEV reactivation in 99 pretransplant 
HEV seropositive patients whose blood samples obtained 
at the fi rst annual checkup were negative for HEV RNA 
(Figure 1). All blood samples were negative for HEV RNA. 
We also checked clinical records to identify any episodes 
of hepatic cytolysis. Liver enzyme activities of 38 patients 
were not increased during follow-up, but there were 80 epi-
sodes of hepatic cytolysis in the other 61 patients. None of 
the blood samples obtained during episodes of hepatic cy-
tolysis was positive for HEV RNA.

The 89 pretransplant patients who were positive for 
HEV IgG included 84 patients who underwent a serologic 
test after a median of 24 months (interquartile range [IQR] 
14–36 months). Thirty-two (35.9%) patients who were 
positive for HEV IgG became negative. Disappearance 
of antibodies against HEV was not associated with type 
of immunosuppressive therapy at discharge. The 17 pre-
transplant HEV IgM–positive patients included 16 patients 
who underwent a serologic test after a median of 16 months 
(IQR 12–23 months). Five of the 16 patients were still posi-
tive for HEV IgM but negative for HEV RNA at this time.

Incidence of HEV Infection
The 601 pretransplant HEV IgG– and HEV IgM–neg-

ative patients included 452 kidney transplant recipients and 
149 liver transplant recipients. Of these patients, 76 kidney 
transplant recipients and 26 liver transplant recipients were 
lost to follow-up. Median follow-up time was 22 months 
(IQR 12–36 months); total follow-up time was 1,064 per-
son-years after transplantation. A total of 34 HEV infec-
tions were identifi ed: 22 were in kidney transplant recipi-
ents and 12 were in liver transplant recipients (Figure 1). 
Median interval between transplantation and de novo HEV 
infections was 15 months (IQR 6–30 months).

We diagnosed HEV infections in 20 patients with in-
creased liver enzyme activities by detecting HEV RNA; 
HEV infections in 14 other patients were diagnosed by 
detection of HEV IgG during posttransplant follow-up. 
Nine of these 14 patients also had HEV IgM (Figure 2). 
Investigation of clinical records led to detection of HEV 
RNA–positive samples in 4 of these patients by retrospec-

tive analysis of frozen stored blood samples. HEV RNA 
was not detected in the other 10 patients because no sam-
ples were available when alanine aminotransferase levels 
peaked.

Incidence of HEV infection was 3.2 cases/100 person-
years (95% CI 2.06–4.13 cases). The incidence in liver 
transplant recipients (4.8 cases/100 person-years; 95% CI 
2.2–7.4 cases) tended to be higher than in kidney transplant 
recipients (2.7 cases/100 person-years; 95% CI 1.52–3.68 
cases; p = 0.09). Incidence rates for each year after trans-
plantation (Table 2) ranged from 0.9 to 4.3 cases/100 per-
son-years in kidney transplant recipients and from 0 to 7.1 
cases/100 person-years in liver transplant recipients, but 
the differences were not signifi cant. The incidence accord-
ing to calendar year of transplantation varied from 1.2 to 
4.3 cases/100 person-years in kidney transplant recipients 
and from 2.5 to 9.1 cases/100 person-years in liver trans-
plant recipients. Incidence of HEV infection according to 
calendar year of transplantation did not differ signifi cantly 
over the 5-year study period.

HEV Transmission by Organ Transplant 
or Blood Transfusion

We studied the risk for HEV transmission by organ 
transplant by identifying virologic markers in 15 persons 
who provided organs for 15 HEV-infected SOT recipients 
(44%). Eight recipients were infected with HEV in the fi rst 
year posttransplantation, 3 were HEV positive 1–2 years 
posttransplantation, 3 were HEV positive 2–3 years post-
transplantation, and 1 was HEV positive >4 years after 
transplantation. Of the 15 organ donors, 14 were negative 
for HEV IgG and HEV IgM, and 1 was negative for HEV 
IgG and positive for HEV IgM. All 15 organ donors were 
negative for HEV RNA.

We determined how many of the 34 HEV-infected pa-
tients had required a blood transfusion during the 3-month 
period before onset of hepatitis or during the year before 
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Figure 1. Hepatitis E virus (HEV) markers in 700 solid-organ 
transplant recipients, France, January 2004–December 2008. Ig, 
immunoglobulin. 
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HEV seroconversion. Only 2 liver transplant recipients 
(17%) were given transfusions of concentrated erythrocytes 
(one 2 months before and one 3 weeks before infection with 
HEV was diagnosed). All 12 donors of these blood transfu-
sions were negative for HEV RNA. Eleven of them were 
negative for HEV IgG and HEV IgM, and 1 was positive 
for HEV IgG and negative for HEV IgM.

Description of HEV Case-Patients
We identifi ed 34 patients with HEV infection (9 wom-

en and 25 men, mean ± SD age at diagnosis 46 ± 13 years). 
HEV genotypes for 21 patients were identifi ed: 15 genotype 
3f strains, 5 genotype 3c strains, and 1 genotype 3 strain 
with an undetermined subtype. Infections became chronic 
in 16 patients (47%), which was defi ned as HEV RNA in 
plasma for >6 months. None of the 18 patients who cleared 
virus after the acute phase showed any reactivation or rein-
fection during follow-up. Multivariate analysis showed that 
the independent risk factors associated with HEV infection 
(Table 3) were a younger age at transplantation (<52 years) 
and having a liver transplant.

Discussion
We followed up 700 patients who had received a kidney 

or liver transplant during 2004–2008. The incidence of de 
novo HEV infection was high (3.2 cases/100 person-years), 
but no infections were reactivated in this population.

The pretransplant HEV seroprevalence (14.7%) was 
similar to that of blood donors in the same area (16.6%) 
(22), but higher than in liver transplant recipients in the 
Netherlands (2.1%) (28), Germany (4%) (29), and Spain 
(2.7%) (30). Seven patients had HEV IgG and IgM at trans-
plantation, but none had HEV RNA. These results suggest 
that HEV infection occurred shortly before transplantation. 
Ten patients were positive for HEV IgM but negative for 
HEV IgG and HEV RNA. None of the 10 patients showed 
delayed seroconversion for IgG during follow-up. Although 
the Adaltis EIAgen anti-HEV IgM Kit is highly specifi c 
(31), a false-positive result cannot be excluded. However, 
prolonged persistence of HEV IgM for >1 year after resolu-
tion of HEV infection has been reported (32). Because the 
anti-HEV IgG test we used could be relatively insensitive 
(33,34), absence of IgG seroconversion is compatible with 
a recent infection.

A recent study reported HEV reactivation in a patient 
with acute lymphoblastic leukemia after allogeneic stem 
cell transplantation (21). HEV may persist in hepatocytes 
or macrophages, as do other RNA viruses (35,36). We 
therefore investigated the possibility of reactivation in our 
patients who had antibodies against HEV but no HEV RNA 
at transplantation. We tested for HEV RNA at the fi rst an-
nual checkup and whether liver enzyme activities were 
increased during follow-up. We found no HEV infection 
in these patients. In addition, 32 (35.9%) of these patients 
no longer had HEV IgG after transplantation. The delay in 
disappearance of HEV IgG is poorly documented in immu-
nocompetent or immunocompromised patients. The sensi-
tivity of the IgG test may infl uence this delay, as recently 
documented by Bendall et al. in immunocompetent patients 
(33). This disappearance of antibodies against HEV may 
be caused by immunosuppressive treatment. Mycopheno-
lic acid and rapamycin can decrease antibody synthesis 
(37,38), but we found no association between use of myco-
phenolic acid and loss of antibodies against HEV.

The incidence of HEV infection after transplantation 
was high; we identifi ed 34 patients with HEV infection. 
Most patients were infected with HEV genotype 3f, which 
is the most prevalent genotype in the study area (26). Inci-
dence rates for each year after transplantation were similar. 
Likewise, incidence of HEV infection in SOT patients did 
not vary according to year of transplantation. This fi nd-
ing is consistent with that of a study in immunocompetent 
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Figure 2. Diagnosis and characteristics of 34 patients with hepatitis 
E virus (HEV) infection, France, January 2004–December 2008. Ig, 
immunoglobulin; NA, not available.

Table 2. Incidence of HEV per year after transplantation in 601 solid-organ transplant recipients, France, January 2004–December
2008*

Patient group 
Incidence, cases/100 person-years (95% confidence interval) 

p value Global First year Second year Third year Fourth year 
All 3.2 (2.06–4.13) 3.5 (1.9–5.1) 1.1 (0.03–2.19) 3.7 (1.09–6.1) 3.0 (0.1–7.52) 0.08
Kidney transplant 2.7 (1.52–3.68) 2.4 (0.8–3.9) 0.9 (0.01–4.4) 3.3 (0.47–6.120) 4.3 (1.28–11.48) 0.18
Liver transplant 4.8 (2.2–7.4) 7.12 (2.63–11.62) 1.6 (0.04–7.60) 5.1 (0.52–14.54) 0 (0–10) 0.24
*HEV, hepatitis E virus. 
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patients in the same area, in which the frequency of HEV 
infections did not vary over time (24). No studies have in-
vestigated the incidence of HEV in immunocompromised 
patients. The prevalence of acquired HEV after liver trans-
plantation in the Netherlands was only 1% (28). This dis-
crepancy with our data reinforces the need for studies on 
factors associated with HEV infection in different regions 
of Europe.

We investigated HEV transmission by organ transplant 
by detection of antibodies against HEV and HEV RNA in 
the blood of donors who provided organs to 15 patients 
infected with HEV. No HEV RNA was detected in blood 
samples of organ donors; thus, they were considered to be 
noninfectious. Because transfusion-associated hepatitis E 
has been described in Europe (9,10), we assayed virologic 
markers in frozen blood samples of 12 blood donors in-
volved in transfusions for 2 HEV-infected recipients, but 
none of the samples were positive.

Multivariate analysis identifi ed an age <52 years as a 
factor associated with HEV infection in SOT patients. A 
previous report found that a younger age was associated 
with primary cytomegalovirus infection in liver transplant 
recipients (39). However, the mechanisms underlying these 

observations for cytomegalovirus and HEV infections are 
not clear. HEV infections are more frequent in older per-
sons in industrialized countries (2,24). Being a liver trans-
plant recipient is another risk factor for acquiring HEV 
infection. Local infl ammation may cause liver transplant 
patients to have a greater risk for HEV infection.

Immunocompromised patients have a higher risk for 
chronic infection with HEV, which may lead to cirrhosis 
(15,23). The high incidence of HEV infections in the study 
area and the fact that no vaccine against HEV is available 
make it essential to identify routes of transmission so that 
preventive measures can be taken. A case–control study 
showed that factors associated with HEV infection in im-
munocompromised patients in the study area were the con-
sumption of game meat, food products made with pork, 
and mussels (32). Thorough cooking of game meat and 
pork products and better information on HEV transmission 
would help minimize the risk for HEV infection.

Our study had several limitations. We investigated 
HEV reactivation at the fi rst annual checkup and in pa-
tients with hepatic cytolysis. Thus, we may have missed 
asymptomatic reactivation that occurred during the rest of 
the follow-up period. In addition, 102 patients who were 
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Table 3. Analysis of risk factors for acquiring HEV infection in 601 solid-organ transplant recipients, France, January 2004–December 
2008*

Characteristic
Univariate analysis Multivariate analysis 

Relative risk (95% CI) p value Relative risk (95% CI) p value 
Male sex 1.56 (0.73–3.35) 0.24 – –
Age at transplantation <52 y 2.58 (1.20–5.53) 0.01 2.8 (1.3–6.0) 0.008 
Living in rural area (<20,000 inhabitants) 0.6 (0.28–1.32) 0.21
Having a liver transplant 1.78 (0.88–3.60) 0.10 2.03 (1–4.13) 0.05
Indication of liver transplantation 
 Alcohol 0.95 (0.29–3.10) 0.94 – –
 Hepatitis B or C 1.34 (0.47–3.80) 0.58 – –
 Autoimmune 3.1 (0.75–13.15) 0.11 – –
 Other causes 2.52 (0.77–8.24) 0.12 – –
Indication of kidney transplantation 
 Glomerulonephritis 0.49 (0.19–1.28) 0.15 – –
 Genetic nephritis 1.06 (0.37–3.02) 0.90 – –
 Pyelonephritis or interstitial nephritis 0.20 (0.02–1.52) 0.13 – –
 Nephroangiosclerosis 1.45 (0.55–3.68) 0.46 – –
 Other causes 2.52 (0.77–8.24) 0.12 – –
Induction therapy 
 Yes 0.83 (0.39–1.74) 0.62 – –
 ATG 1.19 (0.53–2.65) 0.66 – –
 Anti-IL2R 0.95 (0.49–1.94) 0.95 – –
Immunosuppressive therapy at discharge 
 Belatacept 0.49 (0.06–3.60) 0.48 – –
 Cyclosporine A 0.72 (033–1.55) 0.41 – –
 Tacrolimus 1.49 (0.73–3.07) 0.27 – –
 Steroids 0.74 (0.17–3.11) 0.68 – –
 Mycophenolate 0.84 (0.34–2.02) 0.69 – –
 Azathioprine 0 1
 Double regimen 1.07 (0.50–2.30) 0.85 – –
 Triple regimen 0.99 (0.46–2.13) 0.99
*HEV, hepatitis E virus: CI, confidence interval; –, not significant; ATG, antithymoglobulin; anti-IL2R, interleukin-2 receptor blockers. 
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HEV negative at transplantation were lost to follow-up, 
which may have affected the incidence of HEV cases. The 
de novo cases were identifi ed by detection of HEV RNA or 
HEV IgG. Low sensitivity of the HEV IgG assay may have 
also infl uenced incidence of HEV infection. Lastly, we 
screened only 44% of those who donated an organ to the 
HEV-infected patients and may have missed a transplant-
associated infection.

In conclusion, we detected a high incidence of HEV 
infection in SOT patients in southern France. Liver trans-
plant recipients may be at greater risk for HEV infection 
than kidney transplant recipients. Patients on a transplant 
waiting list could be vaccinated when a suitable vaccine be-
comes available. Until then, the high risk for HEV infection 
becoming chronic indicates that the diets of SOT patients 
should be closely monitored.
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