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HD patients.  Conclusion:  More extensive investigations are 
required to determine the disease burden of HEV infection 
in HD subjects in countries which experience outbreaks of 
HEV infection.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Hepatitis E virus (HEV) is a self-limited virus trans-
missible via the oral-fecal route; it was first discovered in 
New Delhi, India, in 1955  [1] . For structure, the virus has 
a diameter of approximately 27–34 nm and is described 
as a nonenveloped, icosahedral single-stranded RNA vi-
rus that has a similar structure to the viruses of the Cali-
civiridae family  [2–4] . Three open reading frames (ORFs) 
have been recognized for the virus: the largest ORF with 
1,693 codons codes for nonstructural proteins, the sec-
ond comprised of 660 codons codes for structural pro-
teins, and the last ORF is made of 123 codons and seems 
to be involved in making structural proteins; however,
its definite role remains unclear yet. Structurally, HEV 
seems to be similar to the Caliciviridae family; however, 
computer analysis has indicated a relationship with ru-
bella virus, particularly for portions of ORF1  [5] .

 Key Words 

 Hepatitis E virus  �  Transplantation  �  Hemodialysis  � 
Chronic kidney disease 

 Abstract 

  Background:  Hepatitis E virus (HEV) infection is a self-limit-
ed viral disease that causes acute hepatitis epidemics in de-
veloping countries. The common route of transmission for 
HEV is supposedly fecal-oral. Serological evidence may be 
unexpectedly found in hemodialysis (HD) patients and kid-
ney transplant recipients. Although the route of HEV trans-
mission is not usually determined in HD subjects, this virus 
seems to be transmitted either directly through HD or noso-
comially. In this study, we gathered the published informa-
tion on HEV infection in HD patients and kidney transplant 
recipients.  Methods:  For this review, we collected the rel-
evant articles by searching through Medline and Google 
Scholar from January 1980 up to September 2009.  Results:  
Some variables including older age, low education, living in 
rural versus urban areas and the duration of HD seem to be 
risk factors for HEV infection in HD patients. Compared with 
non-HD subjects, HEV infection may be specifically associ-
ated with poor outcome in HD patients. Specific consider-
ations seem to be required to prevent transmission of HEV to 
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  Although HEV was first classified as belonging to the 
Caliciviridae family, the most updated International 
Committee on Taxonomy of Viruses classification has 
grouped it as class IV positive-sense RNA virus assumed 
to belong to the ‘hepatitis-E-like viruses’  [6] . Phylogenetic 
studies have demonstrated 4 main genotypes of 1–4, and 
up to 24 different subtypes, so far. The clinical relevance 
of the subtypes is rather poorly understood. The other is-
sue is that genotypes 1 and 2 have been found to be re-
stricted to humans, but genotypes 3 and 4 are common in 
both humans and animals. Among all 4 genotypes, type 
3 has been reported as the least virulent type  [7] . Nonethe-
less, there has recently been a report of infected patients 
with a genotype 3 HEV by blood transfusion in Japan  [8] . 
The common route of transmission is fecal-oral. Other 
probable modes of transmission in endemic areas include 
vertical transmission, blood transfusions, person-to-per-
son contact and zoonotic transmission  [1] . In general, the 
clinical significance of other than fecal-oral routes for 
HEV transmission still remains to be determined.

  Materials and Methods 

 For this review, related articles were collected by searching 
through Medline from January 1980 up to September 2009. We 
also reviewed Google Scholar to check other manuscripts or pa-
pers in regional journals that might have not been included in 
Medline. The search was carried out by using several predefined 
combinations of the following key words and MESH terms or 
their equivalents: ‘hemodialysis’, ‘dialysis’, ‘renal transplantation’, 
‘kidney transplantation’ in combination with ‘HEV’ or ‘hepatitis 
E’ and ‘hepatitis E virus’.

  A total of 155 related articles only in the English language were 
collected. Of those, 119 papers were recognized to provide minor 

information on HEV transmission, poor data or they were written 
in non-English languages. Finally, we focused on 36 manuscripts 
which provided data on hepatitis E in hemodialysis (HD) or renal 
transplantation. Additionally, we used other manuscripts for a 
better description of the epidemiological, diagnostic and preven-
tive concepts. The information was retrieved by S.M.H.-M. and 
A.-Z. Then, the manuscripts were reviewed for data relevance by 
S.M.H.-M., S.M.A. and A.-Z., independently. To reach a consen-
sus, the matter was discussed in several sessions. Although the 
focus of the published manuscripts was on HEV status in HD and 
kidney transplant patients, various clinical, epidemiological, pre-
ventive, diagnostic and therapeutic aspects were covered, too.

  The comparison of HEV prevalence between HD patients and 
the general population is provided in  table 1 . By using the pre-
liminary data, the draft of the article was prepared by A.Z. under 
the predetermined subtitles. Afterwards, the intermediate report 
was written by S.M.H.-M. in cooperation with A.-Z. and M.-M.; 
the final report was drafted after several sessions of reevaluating 
and reassessing the data. Once the preliminary data had been 
checked thoroughly again, the final text was composed.

  Then, by reviewing the final list of titles and abstracts, those 
eligible were selected. The eligibility criteria for inclusion were 
articles published in English, using any format, in a journal or the 
Cochrane library. The bibliographies of the collected full articles 
were studied to find relevant articles, too. The final decision to 
include the articles was reached by consensus. In addition, those 
studies relevant to HEV status in HD and kidney transplant pa-
tients, but prepared by other criteria for different search purposes, 
were excluded.

  Epidemiology 

 From the epidemiological viewpoint, HEV has been a 
frequent cause of acute hepatitis epidemics in developing 
countries with substandard sanitation, especially in Asia, 
Africa and Latin America  [9, 10] . HEV has also been 

Table 1. S eroepidemiology of HEV infection (%) in healthy population versus HD patients in various countries

Authors Country Anti-HEV-
antibody-positive 
healthy population

Anti-HEV-
antibody-positive
HD patients

Risk factors

Stefanidis et al. [71] Greece 0.23 4.5 no
Psichogiou et al. [27] Greece 2.2 6.4 older age
Ding et al. [22] Japan 3 30 older age
Lee et al. [58] Taiwan 8.9 31 blood transfusion
Ayoola et al. [23] Saudi Arabia 0.3 4.8 no
Mateos et al. [34] Spain 2.8 6.3 no
Sylvan et al. [28] Sweden 5.2 6 older age
Parana et al. [55] Brazil 2 0 no
Gessoni and Manoni [46] Italy 2.6 9.3 older age
Buti et al. [59] Spain 4 6 blood transfusion
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demonstrated as the second most common cause of spo-
radic hepatitis in North Africa, the Middle East and Eu-
rope, too  [11] . A large-scale epidemic has been reported 
in China between 1986 and 1988 during which over 
100,000 individuals were infected in the Xinjiang region 
of China  [12] , and, more recently, larger outbreaks have 
been reported among refugees in the war-hit areas such 
as Darfur in Sudan and Chad  [13] . Thus, physicians ex-
pect to receive information on HEV outbreaks in devel-
oping countries with poor sewerage systems that pose as 
a serious risk for disaster. The virus may cause fulminant 
hepatitis in pregnant women in developing countries and 
has a tendency toward infecting older men in the devel-
oped world  [14, 15] . Thus, the epidemiological feature of 
HEV infection is quite different in the developed and the 
developing countries.

  The seroprevalence of HEV in HD patients seems to 
be dependent on the prevalence of HEV infection in the 
general population. Nonetheless, some serological stud-
ies have been indicative of epidemics in developed re-
gions such as the USA, Europe and Japan  [9, 10] . There 
have also been reports of sporadic cases in countries lim-
ited to travelers to those parts of the world endemic for 
the virus infection  [16–19] ; nonetheless, other non-travel-
related sporadic cases have been reported, too  [20] . More-
over, the existence of anti-HEV IgG in some blood donors 
in nonendemic countries seems to stem from another un-
known virus that could create antibodies cross-reacting 
with HEV  [21] . In view of statistics and for the prevalence 
rate of HEV, it varies in different countries for instance 
from 1–3% among healthy adults in the USA to 4.6–6.7% 
in Japan  [22] . So far, studies have shown a global spread 
of HEV infection along with substantial mortality in the 
developing countries  [23] . In the previous reports, mor-
tality was significantly higher in patients with consider-
able background illness including chronic renal failure. 
According to the studies, the mortality rate ranges from 
around 1% in the general population to up to 30% in preg-
nant women  [24, 25] . Consequently, viral hepatitis E 
seems to be important in terms of mortality specifically 
in HD patients  [26] .

  Japanese researchers have found a relationship be-
tween the increases in IgG type anti-HEV antibody posi-
tivity with age, particularly in those patients with healthy 
kidneys and aged 30 years and beyond: the antibody in-
crease was found to be higher above the age of 40 years 
 [27] . Similarly, in a study on HD patients in Sweden, the 
percentage of IgG-type anti-HEV antibody positivity was 
shown to be 2.5% in the patients under 40 years of age and 
7.4% in patients aged 40 years or older, respectively  [28] . 

In the same way, the HEV infection rate could be demon-
strated to increase with age in the liver disease patients in 
another study  [22] . The relationship between age and 
HEV infection might be a repercussion of the exposure 
to the virus many years before. There was also a gender 
tendency toward females in a study in Athens, i.e. a high-
er prevalence of HEV infection was reported in women 
on HD (p = 0.04)  [27] . In the majority of reports on hepa-
titis E in HD patients, the seroprevalence was higher in 
males compared with females  [8] .

  In general, the variety of results for the prevalence of 
HEV infection in the general population at various geo-
graphical locations could be attributed to the criteria for 
patient selection and the routes of HEV transmission. 
The most important factors that play significant roles in 
HEV transmission seem to be socioeconomic, environ-
mental and intra-unit factors in some HD units; the latter 
seems to deserve further investigation  [23] .

  The most common route of transmission for HEV is 
fecal-oral  [23, 29] . Other studies have pointed to the par-
enteral route as another important way of transmission, 
especially in HD patients and mostly in those with a his-
tory of blood transfusion  [30] . There have also been re-
ports of HEV infection in individuals who had received 
blood transfusion in endemic areas  [10, 31–33] . Nonethe-
less, parenteral transmission of HEV has rarely been re-
ported in children, as it seems that this kind of transmis-
sion requires more than the regular amounts of blood 
used in transfusions for children  [34] . Nevertheless, oth-
er ways of transmission such as person-to-person  [31–33] 
 and mother-to-child, though seemingly improper, have 
been suggested by some researchers, too  [6, 35, 36] . There-
fore, although the fecal-oral route seems to be the most 
frequent path of transmission, one cannot ignore the 
probability of other routes. Although it has been suggest-
ed that the fecal-oral route may not be the main pathway 
for HEV transmission in HD centers  [8] , other reports are 
in favor of this possibility  [37] .

  Moreover, HEV seemingly has a variety of animal 
hosts including rodents in some regions of the world  [38, 
39] . Since there have been reports of high anti-HEV sero-
prevalence in individuals working with animals due to 
their occupation, HEV seems to use zoonotic transmis-
sion, too. The virus was able to infect pigs, which further 
stipulates the possibility of virus spread through cross-
species contacts. Accordingly, undercooked deer and 
wild boar meat has been the subject of documented re-
ports for HEV transmission in Japan  [20, 40] . Food ex-
port from HEV-endemic areas might lead to HEV infec-
tion such as an avirulent HEV strain present in Europe 
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possibly due to food imports that could cause subclinical 
infections  [41] . As a result, food seems to be an acceptable 
vehicle for HEV transmission. Whether or not food could 
play a role as a vehicle in the development of hepatitis E 
outbreaks in HD centers still remains unclear  [8] .

  The good level of hygiene in some developed countries 
such as Japan seems to have extremely reduced the pos-
sibility of waterborne outbreaks. Contrary to hepatitis A 
virus, however, the age-related spectrum of anti-HEV in 
the years 1974, 1984 and 1994 has not been indicative of 
a reduced HEV exposure in Japan in the past 20 years 
 [42] . This finding further demonstrates that the major 
transmission route for HEV is possibly different to that 
of hepatitis A virus; hence, although it has a low infectiv-
ity and transmissibility, HEV could not be prevented by 
simply improving sanitation  [11] . In Iran, which is en-
demic for HEV infection with a prevalence ranging from 
1.1 to 37.5% in various provinces, infection reflects dis-
similar levels of sanitation in different parts of the coun-
try  [43] .

  HEV Risk Factors 

 The risk factors for acquisition of viral hepatitis E 
seem to be quite similar to those of the other transmis-
sible enteric infections. Some reports could not demon-
strate the association between HEV infection and well-
known risk factors; therefore more thorough investiga-
tions seem necessary to uncover the related unrecognized 
risk factors in those infected individuals  [6, 41] . For in-
stance, a number of studies could not establish a definite 
link even between rather serious cases such as chronic 
HD and an increased risk of exposure to HEV  [6, 8, 10, 
27, 41] .

  In a study by Saffar et al.  [44] , it was shown that the 
seroprevalence rate rises with age from 1.2% at the age of 
!10 years to 7.3% in young adults. Another study in high-
ly endemic north India has indicated that the seropositiv-
ity for anti-HEV IgG increases from 7.2–14.2% in infants 
to 33.3–38% by the age of 10 years  [45] . In Greece, Japan, 
Sweden and Italy, studies have come up with similar re-
sults. This finding has possibly been due to the limited 
age range in all of the studies and the focus on renal fail-
ure patients  [22, 27, 28, 46] . It may also reflect the im-
provement in sanitation and water supply that plays a key 
role in HEV transmission. In a study by Pourahmad et al.  
[47] , it has been shown that patients positive for HEV an-
tibody had gone through a longer duration of HD than 
those negative for HEV antibody. Another study in the 

north of Iran had come up with the same conclusion  [48] . 
In a study by Alvarez-Munoz et al.  [49]  from Mexico, age, 
type of community (rural or urban) and level of educa-
tion were found to be important risk factors for HEV in-
fection. Similar findings have been reported in Iran  [6, 
29, 44] . It seems that migration of people from rural to 
urban areas on a large scale without proper sanitation due 
to improper sewerage systems has contributed to the 
spread of disease  [50] .

  In a study in Turkey by Oncu et al.  [51] , education was 
found to be the only factor important in pregnant women 
for the prevalence of HEV infection. Nonetheless, not all 
studies have been in support of this notion. For instance, 
in a study by Mathur et al.  [45] , the prevalence of HEV 
infection was found to be lower in rural areas with a high 
number of uneducated people than in urban areas, and 
this is contradictory to the result of the study in Turkey 
 [51] .

  Although the association between anti-HEV positivity 
and the positivity for hepatitis B (HBV) or C virus (HCV) 
infection markers seems to be unclear  [6, 34] , some re-
ports have shown a positive serostatus of HBV and HCV 
in more than 30% of anti-HEV-positive HD patients  [41] . 
As a result, the association between HBV or HCV acquisi-
tion and HEV transmission seems to be possible.

  The association of transfusion and HEV transmission 
still remains highly controversial. In some reports, it has 
been demonstrated that the frequency of anti-HEV posi-
tivity was higher in transfusion recipients if compared 
with nontransfused controls  [30] . In addition, Fabrizi et 
al.  [41]  showed that 33% of anti-HEV-positive HD pa-
tients had a history of recurrent transfusions. Conse-
quently, not only transmission of HEV via non-fecal-oral 
routes appears to be possible, but also these routes look 
pretty important in specific settings such as HD centers.

  For the HEV relation with other diseases, multiple 
studies could not establish a decisive link between HEV 
infection and the other viruses such as HBV and HCV 
 [10, 29, 41] . Nonetheless, some environmental factors 
seem to play a role in maintaining the virus in HD pa-
tients similar to HCV infection, which suggests the as-
sumption of a common route of transmission for both 
viruses. For instance, anti-HEV IgG was detected in Ja-
pan significantly in some 23.6% (21/89) of hepatitis B and 
in 7.9% (12/152) of hepatitis C patients  [22] . Various stud-
ies have shown that in chronic HCV infection patients, 
the prevalence rate of HEV infection is higher, too  [52–
54] . An association between the presence of HEV anti-
body and serological evidence of previous HBV or HCV 
infections has also been demonstrated  [46] . Since chron-
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ic hepatitis C has been reported to be severer in those with 
HEV superinfection, watchful monitoring of such pa-
tients along with anti-HEV screening at regular intervals 
is suggested. In children, however, no decisive link be-
tween HCV and HEV antibodies has been found yet  [21] . 
A number of studies that tried to establish a link between 
other bloodborne viruses and HEV have failed to do so 
 [6, 27] . As a result, although some anecdotal reports dem-
onstrated a possible association between HEV infection 
and other hepatotropic viruses, this association is quite 
ambiguous.

  Epidemiological Considerations for HEV 

Transmission in HD Centers in Detail 

 As suggested in a number of studies, HEV was found 
to be prevalent in HD patients, either directly by HD itself 
or nosocomially, pointing to other routes beyond the 
common fecal-oral way of transmission  [55] . For in-
stance, anti-HEV IgG antibodies were found to be posi-
tive in 0–11% of HD patients, 6–15.6% of renal transplant 
recipients and up to 30% of the general population in the 
USA, respectively  [9, 10] . Similar reports from Japan, Sau-
di Arabia and Greece have demonstrated a noticeable 
HEV seroprevalence in HD patients  [22, 23, 56] . In a rath-
er large-scale study in Japan on the sera of 1,033 urban 
and suburban residents in Tokyo, the prevalence rate of 
anti-HEV IgG was found to be significantly higher in HD 
patients (18/60; 30%) and the hospital staff (8/87; 9.2%) 
than the healthy general population (p  !  0.01)  [22] . Also 
in line with certain other studies, another report from 
Greece showed a higher prevalence of anti-HEV in HD 
patients (9.7% of 62 patients; p  !  0.00005) compared to 
healthy blood donors (0.53% of 380). IgM anti-HEV prev-
alence rates in those patients and healthy controls were 
4.8 and 0.3%, respectively  [56] .

  In contrast, some other reports demonstrated a low 
level of infection in their study group of HD patients. For 
instance, in a study in Salvador in northern Brazil, all 392 
chronically hemodialyzed patients were found to be sero-
negative for HEV. The findings of this report may dem-
onstrate that the rate of exposure is negligible in some 
parts of the world  [55] . On the other hand, the negative 
results could be related to either the immunosuppression 
caused by the renal disease, a loss of antibodies or a pos-
sible weak antibody response. Receiving frequent medi-
cal advice and spending 3 days a week in a hospital envi-
ronment might have further protected HD patients and 
helped them keep away from a possible outbreak. None-

theless, HEV transmission may be important in coun-
tries with an outbreak of viral hepatitis E in their general 
populations. In a study in the city of Tabriz in Iran, the 
anti-HEV IgG prevalence was detected to be as high as 
7.4% in 3 different HD units. Interestingly, the result was 
lower than the 9.6% prevalence rate found in a previous 
study based on the general population  [6, 57] .

   In a study in northern Italy, the frequency of anti-
HEV antibody was reported to be 3% in chronic HD pa-
tients attending a single dialysis unit; this was probably 
related to a local infection  [41] . This study demonstrated 
evidence in favor of HEV infection among HD patients. 
This finding might be related to the frequency of HEV 
infection in the general population. On the other hand, a 
study from Sweden showed that in such a non-endemic 
area there was evidence of HEV infection in HD patients. 
The findings of this study showed that the seroprevalence 
of anti-HEV was significantly higher in patients older 
than 40 years  [28] . As a result, age seems to be a signifi-
cant factor in the epidemiology of HEV in HD patients.

  In enzymatic studies, alanine transaminase (ALT) lev-
els were usually low in HD patients even with existing 
acute hepatic injury. In a case-control study, it was shown 
that the mean ALT level was highest within 1  8  3 days 
from the onset of the illness and that it frequently de-
creased afterwards. The possible reason could be the ALT 
assessment after the peak elevation of these hepatic en-
zymes  [23] . As a result, the period of the liver enzyme rise 
in the infected subjects seems to be quite short, and the 
enzymes rapidly return to normal ranges. Consequently, 
this phenomenon appears to cause a considerable delay in 
the diagnosis, and some infected HD patients may not be 
diagnosed even in an outbreak. Hence, physicians have to 
maintain a high degree of suspicion in this regard.

  The frequency of HEV infection among HD patients 
seems to be quite different in males and females. A report 
from Japan on a comparison between male and female 
patients regarding IgG-type anti-HEV antibody positiv-
ity demonstrated that it could be detected in 21.6 and 
14.3% of the male and female patients, respectively. The 
frequency in the latter group was similar to that of sub-
jects with healthy kidneys  [8, 22] . As a result, in HD pa-
tients, males seem to be more susceptible to HEV infec-
tion when compared with females, although this issue 
still remains controversial.

  The role of HEV in liver disease development has been 
found to be minor in a number of studies on HD patients 
 [23] . In particular, a study carried out in Spain was unable 
to find any clinical evidence in those HD patients or 
blood donors who were positive for the anti-HEV IgG. 
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This could be vindicated by the virus strain being inca-
pable of causing a clinical disease in those infected, and 
this type of silent seroconversion without any clinical ev-
idence of hepatitis E has been recorded in outbreaks in 
Pakistan and Nepal, too  [34] .

  Interestingly, transmission of HEV in HD units has 
been reported to have no association with the incidence 
of HEV infection in the general population ( table 1 ). By 
and large, the presence of HEV in HD units seems to be 
independent of its presence in the general population of 
the same community. This is probably due to differences 
in the epidemiological characteristics of different high-
risk groups  [56] . It is certainly wise to take precautions in 
highly endemic areas to reduce the risk of HEV infection 
among HD patients. So far, there have been reports of 
separate trends in HD units in contrast to the general 
population  [58, 59] . As a result, although significant 
transmission of HEV may occur from sporadic cases or 
an outbreak in the community to HD centers, risk factors 
and epidemiological trends might be quite different.

  HEV Infection in Kidney Transplant Recipients 

 Kidney transplant patients may increase levels of liver 
enzymes that are mostly due to biliary tract dysfunction, 
sepsis, classic hepatotropic virus-related infection and 
drug or other toxic causes. Therefore, one should not sus-
pect viral hepatitis only based on increased levels of liver 
enzymes. In otherwise healthy kidney transplant cases, 
HEV could be considered as the etiological agent for hep-
atitis in those individuals living in endemic areas  [9] . The 
diagnosis of viral hepatitis E in renal transplant recipients 
is usually made using the enzyme-linked immunosor-
bent assay (ELISA). The seroprevalence of anti-HEV IgG 
antibodies has been reported to be in the range of 6–16% 
in renal transplant recipients in some studies  [24] .

  Surprisingly, according to some reports, HEV could 
develop a chronic active hepatitis and eventually cirrho-
sis in solid-organ recipients  [57, 60, 61] . Kamar et al.  [24]  
demonstrated that among 241 renal allograft recipients 
with 14.5% of anti-HEV seroprevalence, some cases suf-
fered from chronic liver disease. They reported that HEV 
infection could evolve to chronic hepatitis in nearly 60% 
of renal transplant patients with HEV infection in en-
demic areas. They confirmed the diagnosis by the pres-
ence of continuously increased hepatic enzyme levels and 
positive serum HEV RNA, 15 months on average (range 
10–24) after the acute phase when the majority remained 
asymptomatic  [24] . They demonstrated that chronic viral 

hepatitis E could be quite a silent disease similar to the 
chronic hepatitis caused by other hepatotropic viral 
agents. Consequently, clinicians should not merely look 
for clinical evidence to consider viral hepatitis E.

  Decreasing the numbers and doses of immunosup-
pressive drugs still remains the first approach to control 
viral hepatitis E in renal transplant recipients. A pro-
longed follow-up period might be required to assess the 
eventual outcome  [24] . 

 In 2008, Gerolami et al.  [60]  reported a renal trans-
plant subject with chronic viral hepatitis E and normal 
serum levels of liver enzymes. Surprisingly, this patient 
did not develop anti-HEV antibody. This study demon-
strated that a transplant patient with chronic hepatitis 
may have normal liver enzymes and a negative serological 
assay. This report also highlights the need for the applica-
tion of molecular studies in suspected subjects. A longer 
follow-up period seems to be necessary to evaluate the 
outcome of HEV infection in patients who undergo organ 
transplantation.

  Diagnosis of HEV Infection in HD Patients and Renal 

Allograft Recipients 

 The diagnosis of HEV infection in HD patients and 
renal allograft recipients is usually made using serologi-
cal assays. The diagnosis could be made either by detect-
ing the HEV genome in serum or stool by PCR or by se-
rological tests detecting IgM antibodies produced against 
HEV  [24] . In general, IgM antibodies are utilized to de-
tect acute HEV infection in the convalescent phase of the 
disease. Anti-HEV IgM can be detected right before the 
peak of ALT activity, which usually decreases some weeks 
or months after ALT normalization  [62] . Since rheuma-
toid factor IgM in serum could cause false-positive results 
in IgM-based tests and in order to increase the specificity 
of the test, a concurrent anti-HEV IgA assessment has 
been recommended. Currently, a rapid immunochro-
matographic test is available to detect IgM antibodies in 
acute hepatitis E that works on the basis of reverse-flow 
technology and yields results in a matter of 2–3 min  [63] . 
Anti-HEV IgA antibody detection could be used as a sup-
plementary means to prove the acute disease if an anti-
HEV IgM antibody test fails to do so  [64] . It has not been 
determined whether anti-HEV IgA plays a major role in 
the detection of HEV nosocomial outbreaks or not.

  For anti-HEV IgG, various studies have come up with 
a wide range of persistence, ranging from 6 months to 14 
years  [18, 60, 65, 66] . Since studies have demonstrated 
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that IgG antibody responses to HEV weaken or vanish 
altogether after the acute phase of the disease, such tests 
are helpful mostly in the diagnosis of acute HEV infec-
tion and not so much in epidemiological studies based on 
serology  [23] . Nonetheless and as mentioned above, since 
the IgG antibody titers start to rise soon after IgM anti-
body in the acute phase of the infection and since they 
persist for a rather long period of several years in many 
cases  [28] , the disease can be traced once IgM anti-HEV 
antibodies or HEV RNA are not used to diagnose the dis-
ease. Nevertheless, there have been reports of falsely an-
tibody-positive or antibody-negative patients as the dis-
tribution of IgG type anti-HEV antibody titers suggests 
 [8] . Consequently, the IgG anti-HEV assay appears to 
have some shortcomings in the diagnosis of HEV infec-
tion in HD patients. Moreover, during the process of HD, 
a significant level of IgG is regularly cleared.

  Considering the shortcomings of the anti-HEV assay 
in HD patients and renal transplant recipients, a serum 
antigen assay and molecular techniques seem to be help-
ful. To detect the HEV antigen (HEVAg) in the serum 
directly, only a few research-based tests are available at 
the moment. Hence, the role of serum HEVAg for the di-
agnosis of viral hepatitis E still remains under debate. By 
using an HEVAg assay, researchers could establish the 
existence of the HEVAg in liver tissue by immunofluo-
rescent techniques. Scientists are trying to develop rapid 
immunochromatographic assays for serological diagno-
sis, too  [7] . ORF 2.1 antigen, representing the carboxy-
terminal 267 amino acids of the capsid protein in West-
ern immunoblotting techniques, is widely available 
among diverse human HEV species, and a sensitive and 
highly specific enzyme immunoassay, the ELISA, allows 
both the detection and the quantification of the related 
HEV-specific IgM and IgG antibodies in the acute and 
convalescent phases with higher specificity and sensitiv-
ity. If this materializes, the antibody responses against 
the virus and the HEV infection prevalence could be de-
termined more accurately worldwide  [23] . In suspected 
cases of acute hepatitis E, some studies have recommend-
ed HEV RNA assessment in serum up to 1 month and in 
stool up to 6 weeks after the first appearance of the clini-
cal symptoms, respectively  [9] . The use of an HEVAg as-
say and molecular techniques for the diagnosis of acute 
or chronic infection in HD patients or kidney allograft 
recipients still remains to be determined.

  On the whole, the interpretation of the seroprevalence 
data requires caution, particularly in low-endemicity re-
gions where only a small number of subjects with anti-
HEV have a history of jaundice or of traveling to HEV-

endemic regions  [28] . It seems that more studies using 
supplementary tests are required to advance the predic-
tive value of the anti-HEV screening tests in HD patients 
and renal transplant recipients. As a result, a positive an-
ti-HEV ELISA does not confirm the diagnosis. If there is 
either an uncertainty in diagnosis, a single diagnosis 
could not be reached or acute liver disease is suspected in 
a patient with previously chronic liver disease, liver bi-
opsy is found to be helpful  [62] .

  Prevention and Treatment of Hepatitis E in HD 

Patients and Renal Transplant Recipients 

 In general, vaccination, immunoprophylaxis, better 
public education and acceptable levels of hygiene are 
known to be the main measures to control HEV infection 
 [67] . The importance of preventive measures in HEV-en-
demic areas in hospitals, and in the HD units in particu-
lar, has become clear since the time of an outbreak in 1992 
when HEV infection spread in a hospital from an acutely 
infected patient  [23] . To prevent HEV infection, an HEV 
recombinant protein vaccine has been developed  [68] . In 
one of the immunization projects, a large-scale placebo-
controlled trial of a vaccine was demonstrated to be 96% 
effective in the high-risk areas  [69] ; however, the vaccine 
was unavailable to commercial use. Consequently, even if 
the efficacy of HEV vaccine has been demonstrated, its 
availability still remains a major problem. Moreover, for 
the use of immunoglobulins, there is scant information 
available concerning the value of prophylaxis in the pre- 
or postexposure period and there are no established data 
that could prove that the immunoglobulins actually pro-
tect against HEV infection in endemic countries  [67, 70] ; 
hence, immunoglobulins play no acceptable role for HEV 
prevention. Instead, improvement in personal hygiene 
and clean food preparation seem more prudent, e.g. trav-
elers to endemic areas should avoid high-risk activities 
such as drinking suspicious HEV-infested drinking wa-
ter, eating uncooked shellfish, uncooked fruits or vegeta-
bles, and meat. For the treatment of HEV infection, no 
specific antiviral drug has been introduced yet, and its 
treatment has remained supportive so far  [7, 67] .

  Conclusion 

 Hepatitis E seems to be a viral disorder transmitted via 
the fecal-oral route; other modes of transmission such as 
transfusion and HD remain controversial.
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  In order to reduce the spread of HEV infection, clean 
water for agricultural purposes and for vegetable growth 
in particular, proper garbage disposal, keeping the water 
pipelines free from sources of infection, also increasing 
the public awareness to observe water hygiene and keep-
ing a watchful eye on HEV infection in patients with hep-
atitis are considered to be necessary.

  The trends of HEV distribution in the general popula-
tion and HD patients seem to be quite distinct. Neverthe-
less, further studies seem to be required to uncover vari-
ous modes of HEV distribution in HD centers, especially 
in countries with high prevalence rates for the virus. Fur-
thermore and in order to find out the port of entry, to 
control transmission and to manufacture an efficient 
vaccine, immunological and genetic studies of sporadic 
and outbreak infections seem quite vital in the future.

  In summary, the following may be kept in mind.
  (1) In HD patients with hepatitis E, serum levels of liver 

enzymes may remain in normal ranges. As a result, 
hepatitis E is usually diagnosed in HD patients with a 
significant delay. 

 (2) It has been demonstrated that viral excretion begins 
approximately 1 week prior to the onset of illness and 
persists for nearly 2 weeks. As a result, asymptomatic 
HD patients could be the major source of nosocomial 
outbreaks. 

 (3) Parenteral routes could potentially play a role in the 
transmission of HEV in hospital settings. 

 (4) Up to now, no approved treatment has been intro-
duced for hepatitis E. No antiviral treatment could be 
used for HD patients with hepatitis E. In spite of this, 
HD is not postponed because of excretion of virus 
from the gastrointestinal tract. 

 (5) Monitoring with a high degree of suspicion for the di-
agnosis of HEV infection in HD centers, specifically 
in endemic areas, regions with poor water supplemen-
tation or during outbreaks, plays the major role in pre-
vention. 

 (6) Due to oral intolerance and electrolyte imbalance, HD 
patients with hepatitis E usually require hospital ad-
mission. As a result, medical centers providing HD 
services potentially remain a setting for transmission 
of HEV to noninfected individuals. In these situations, 
proper management for primary prevention is re-
quired. 

 (7) Kidney transplant recipients may develop chronic 
hepatitis after acute viral hepatitis E. These patients 
may have normal liver enzymes and remain seronega-
tive. Long-term follow-up seems to be necessary for 
renal allograft recipients with acute HEV infection.  
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