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Abstract

Background and Aims: Sporadic hepatitis E is an emerging indigenous disease in
Europe induced by genotype 3 of the virus. While the disease takes an acute self-lim-
ited course in immunocompetent individuals, under immunocompromised conditions
chronic hepatitis E might develop. The histology of chronic hepatitis E has not been
described in detail systematically.

Methods: Liver biopsies from 19 immunosuppressed patients with chronic hepatitis
E were collected: 17 were organ transplant recipients, one had a CD4-deficiency
and one had received steroid therapy because of ulcerative colitis. Biopsies were
processed with standard stains. Evaluation of histologic activity and fibrosis was
performed according to Ishak. Additionally, immunohistochemistry with antibodies
directed against open reading frame 2 and 3 of the virus was performed and liver
biopsies were tested for hepatitis E virus RNA.

Results: Biochemical data showed an increase in alanine transaminase, aspartate
transaminase, gamma-glutamyl transferase and total bilirubin. Histopathology dis-
played typical features of chronic hepatitis with mild to moderate activity. The num-
ber of polymorphonuclear leucocytes was considerably increased and all patients had
a florid cholangitis that presented as a destructive form in five of them. Hepatocytes
and bile duct epithelia stained positive for hepatitis E virus by immunohistochemistry.
Conclusions: Chronic hepatitis E in immunocompromised individuals runs a similar
course as hepatitis B and C and shows similar histopathology. However, the pres-
ence of destructive cholangitis in some cases accompanied by an increased number
of polymorphonuclear leucocytes is markedly different. Immunohistochemically the

virus is present in bile duct epithelia, seemingly the cause for cholangitis.
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1 | INTRODUCTION

Hepatitis E is a worldwide disease with a global incidence of about
20 million cases of acute hepatitis each year and estimated 70 000
deaths.’ Among adults in Asia, the Middle East and Africa it proved to
be the most or second most important cause of acute clinical hepatitis.2
On the contrary, hepatitis E virus (HEV) was rarely identified in indus-
trialized countries; affected individuals have usually travelled to an en-
demic area a short time ago.® In the past few years, there has been an
increasing number of reports on hepatitis E cases in persons who had
not travelled abroad, but were infected at home in Europe or the USA®

There exist at least four genotypes of HEV that are pathogenic
for humans.® In Europe and the USA, there is an increasing number of
cases caused by genotype 3.5 Genotypes 1, 2 and 3 may induce acute,
even fatal acute, liver failure. However, genotype 3 can run a chronic
course especially in immunocompromised individuals.” Most of the re-
ported cases with a chronic disease occurred in the transplant setting
when patients received solid organ transplants.s'11 A strong associa-
tion between HEV infection after transplantation and graft rejection
was shown. 2

The histopathology of acute hepatitis E has been described in

several publications,m'17

whereas the histopathology of chronic
hepatitis E has been described in case reports, but has not been
evaluated in detail so far.81%1822 Therefore, we analysed the liver

biopsies from a cohort of 19 patients with chronic hepatitis E.

2 | MATERIALS AND METHODS

Liver biopsies from 19 patients (17 male, 2 female; aged 23-66 years)
from four hospitals (Vienna, Hanover, Hamburg, Cologne), of whom
17 had undergone solid organ transplantation (6 liver transplanta-
tions, 3 kidney transplantations, 4 double-lung transplantations and
4 heart transplantations) were obtained (see Tables 1 and 3 and Table
S1.). In the six patients that received liver transplants, two had cir-
rhosis because of alcoholic liver disease, three had end-stage liver
disease and cirrhosis because of chronic hepatitis C and one woman
had cirrhosis with autoimmune hepatitis. One human immunode-
ficiency virus (HIV)-negative patient had CD4 impairment and the
second individual without transplantation had received longstand-
ing steroid therapy because of ulcerative colitis. Other liver diseases
as autoimmune hepatitis, viral hepatitis A, B and C, steatohepatitis,
alcoholic disease, calcineurin inhibitor toxicity, rejection and biliary
duct diseases as primary sclerosing cholangitis and primary biliary
cholangitis or obstruction were excluded by chemical and laboratory
findings, nucleic acid testing and clinical data. All patients were posi-
tive for HEV in the serum for more than 6 months and positive for
HEV in the liver when tested by PCR after RNA extraction. So in
all patients, clinical data and histopathology showed chronic hepati-
tis when characterized by the classic definition of a hepatitis lasting
at least for 6 months. All patients had given their written consent

for the biopsy. Liver biopsies from five patients undergoing bariatric
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Key points

e This is the first comprehensive report on histopathology
of chronic hepatitis E (CHE) in a larger cohort of 19 pa-
tients substantiated by PCR in liver tissue and localiza-
tion of hepatitis E virus (HEV) by immunohistochemistry
(IHC).

e First description of patterns of HEV staining in CHE in
hepatocytes with cytoplasmic and nuclear reaction and
in bile ducts with cholangitis in a larger series.

e Cholangitis seems to be an intrinsic lesion in CHE be-

cause of the presence of HEV in bile ducts.

surgery and negative for HEV infection served as negative controls.
The study was approved by the Ethics Commission of the Medical
University of Vienna (1382/2016).

2.1 | Serology and Biochemistry

Laboratory tests were done for aspartate and alanine transami-
nase (AST and ALT), gamma-glutamyl transferase (GGT), alkaline
phosphatase (AP) and total bilirubin (see Tables 1 and 3). Infections
such as hepatitis A, B, C and D by HAV, HBV, HCV and HDV were
excluded as well as Epstein-Barr virus (EBV) and Cytomegalovirus
(CMV) by serology using commercial tests. Chronic HEV infection
was diagnosed by PCR in the serum on two test occasions with an in-
terval of at least 6 months in between (for IgG & IgM using an ELISA-
recomwell, Mikrogen, Neuried, Germany) and HEV-RNA extraction
from the tissue as reported earlier.’®

2.2 | Liver tissue preparation

Liver biopsies were processed at standard protocol with fixation in
4% neutral formaldehyde and embedding in paraffin. Four micro-
metre sections were stained with haematoxylin and eosin (H&E),
Chromotrop-Anilinblue (CAB) trichrome staining, Prussian blue and
Periodic acid-Schiff diastase (PAS-D).

2.3 | Histological evaluation

The histological evaluation of the inflammatory activity and the
stage of fibrosis were performed by applying the Ishak grading and
score.?®> When observing that many of the biopsies displayed some
degree of cholangitis, we set up a semi-quantitative score for the
bile duct lesions:
Grade 1: Some
(PMN) leucocytes between bile duct epithelia (analogue reactive

lymphocytes and/or polymorphonuclear

cholangitis).
Grade 2: Lymphoepithelial lesions in bile ducts with degenera-

tive changes of the epithelia.
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TABLE 1 Mean (minimum-maximum) age at time of biopsy and biochemical data by transplanted organ

Mean age at time of
biopsy (years)

Number of patients and

gender

ALT [U/L] AP [U/L] GGT [U/L] Total bilirubin [mg/dL]

AST [U/L]

Transplanted organ

1.0(0.9-1.5)

130.3 (30-362)
233.7 (50-371)

123 (26-195)

13.3 (2.6-30.98)
6.1(0.55-21.42)

1.55(0.9-2.3)

96-337
90-141
50-179
97,130

179.3
109.8
109.5

86-1690)
148-630)
143-315)
510, 2574)

122.5 (63-189)
278 (276, 280)

9.75 (4.9, 14.6)

113.5

255
764
356.3
199.3

35-324)

102-1211)
80-467)
91-379)

1542

160, 446)

147.7

23-57

475
241
168

54-65
23-65
49-66

41.2

6 male

Liver

58.3

3 male

Kidney

45.3
57.5

3 male, 1 female
3 male, 1 female

Double-lung
Heart

303

2 male

None
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Grade 3: Infiltration of bile ducts with lymphocytes and PMN
leucocytes as well as necrosis of bile duct epithelia (equivalent to
destructive cholangitis).

Emperipolesis and PMN leucocytes were also graded by a semi-
guantitative score: One emperipolesis or PMN leucocyte per high
power field means one point, two to four per high power field results

in two points, and five or more are graded with 3.

2.4 | Immunohistochemistry

Biopsies were immunohistochemically stained with two differ-
ent HEV antibodies using a Universal DAB Detection Kit (Ventana,
Roche, 760-500, Basel, Switzerland) on a Benchmark Ultra (Ventana,
Roche, Basel, Switzerland), one antibody directed against open
reading frame (ORF) 2.1 encoded region (LSBioSciences clone 4B2,
LS-C67674, Seattle, USA,; dilution 1:50) and the other one directed
against ORF3 (Bioss Antibodies, bs0212R, Woburn USA; dilu-
tion 1:100). Incubation of the primary antibody was performed for
32 minutes on paraffin sections after protease digestion for 8 min-
utes. Negative controls were taken from five patients with bariatric
surgery negative for HEV testing in the blood. Additionally, we per-
formed immunohistochemical staining with an antibody against cy-
tokeratin 7 (Dako, M7018, Santa Clara, USA; dilution 1:200) to look
for cholangiocellular metaplasia in hepatocytes as an indicator for
chronic cholestasis.

3 | RESULTS

The patients showed an increase in ALT (mean 480.42 U/L), AST
(mean 239.63 U/L), GGT (mean 159 U/L) and total bilirubin (mean
5.06 mg/dL). The biochemical data of the patients are given in Tables
1 and 3. All of them were tested positive for anti-HEV IgM. None of
them was positive for HAV, HBV, HCV or HDV. Tests for infections
with EBV or CMV were negative. There was no significant differ-
ence in GGT, bilirubin and AP levels when comparing patients with
cholangitis grade 3 and grade 1 or 2 using the Jonckheere-Terpstra
test (GGT: P = 0.307, bilirubin: P = 0.141, AP: P = 0.454). HEV-PCR
was positive in the sera and tissues from all patients and could be
determined by sequence analysis as genotype 3 in all specimens. All
biopsies had at least 10 portal tracts and so were representative.

3.1 | Histopathology

The overall histological activity showed a mean Ishak score of 6
with a range from 3 to 10. The periportal necroinflammatory le-
sions (Ishak A) were mild (1) to moderate (3) with interface hepatitis
showing piecemeal necrosis with cell death and apoptosis of hepat-
ocytes accompanied by densely infiltrating lymphocytes and acti-
vated Kupffer cells. Portal tracts were diffusely enlarged showing
infiltration of lymphocytes, some plasma cells and also PMN leuco-
cytes (see Figure 1, panel A). Bile ducts were involved and displayed
cholangitis in all cases (see Tables 2 and 3). Bile duct epithelia were
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TABLE 2 Histological evaluation of the 19 biopsies arranged by grade of cholangitis

Ishak A Ishak B Ishak C Ishak D Fibrosis
2 0 2 2 2
1 1 3 2 1
2 0 2 2 1
8 1 2 3 2
3 0 3 3 3
2 0 2 2 2
2 0 2 3 1
2 2 3 8 1
3 1 3 3 2
1 0 2 1 2
1 0 2 2 1
1 0 1 1 2
1 0 1 1 1
1 0 2 2 2
2 0 1 2 5
2 0 2 1 1
2 0 2 2 1
1 0 2 1 1
1 0 1 1 1

infiltrated by lymphocytes and a significant number of PMN leuco-
cytes, which were also present to a lesser degree in zone | of the
lobule. Destruction of bile duct epithelia (grade 3 cholangitis) was
noted in 5 of the 19 biopsies (see Figure 1, panel B), however there
was no ductopenia. The basement membranes of the ducts were
preserved, though no bile duct loss with ductopenia was found. The
necroinflammatory activity in the lobules was variable: In four of the
biopsies confluent necrosis (Ishak B) was present. Lobular spotty ne-
crosis (Ishak C) was obvious in all cases without zonal distribution,
but mostly in midlobular and sometimes in perivenular localization.
There was some cellular cholestasis in zone lll. Steatosis was not
observed, and no granulomas were found. Endothelitis was absent.
Fibrosis was evident in all cases with a mean stage of 2. The por-
tal tracts were enlarged with or without short septae (score 2) in
seven patients. Fibrosis with bridging septae (score 3) was noted in
one patient (see Figure 1, panel C) and one patient had incomplete
cirrhosis (score 5). By trichrome stain the collagen tissue was re-
stricted to portal tracts and septae in most cases; however, in three
biopsies, there was a conspicuous fibrosis pattern with central vein
sclerosis and pericellular fibrosis in the central area as also seen in
alcoholic or non-alcoholic steatohepatitis. There was no substan-
tial difference of histopathology in patients who had received liver
transplants and those who had received other solid organs.

3.2 | Immunohistochemistry

All biopsies were positive for staining with the anti-HEV antibodies.

The pattern at the single cell level displayed a granular staining in the

Emperipolesis

P RN NN R RPN DNDN OO DNDNODN R, N

PMN Leucocytes Cholestasis Cholangitis

B R, R, N DN N NN R D O W DN DN O DNDNDNDNDDN
O »r O O O r BpPp OO O P P O FP P OO R
PR R, RN N N DN NN DNDNDDNDNDNWW W Ww W

cytoplasm of the hepatocytes and some nuclei were also positive,
as reported earlier.242¢ At the lobular level, a focal staining pattern
was observed, sometimes extending into areas of the whole lobule.
The amount of positive hepatocytes varied between 10% and 60%
for antibodies against ORF2 and 40 and 50% with antibodies against
ORF3. Bile ducts were positive as well. Remarkably, larger bile ducts
did not show a significant cholangitis, whereas smaller bile ducts
were affected by considerable, even destructive cholangitis (see
Figure 1, panel D and E). In the bile ducts, the whole epithelia stained
positive. Hepatocytes were negative for antibodies against cytoker-
atin 7, whereas all bile duct epithelia were positive. Liver biopsies
from our control patients negative for HEV in the serum showed
a mild background as been observed also by Lenggenhager,?® but
no specific staining in immunohistochemistry with ORF2 and ORF3
antibodies (see Figure S1). An antibody reaction was interpreted as
specific when the staining was bound to cell structures and subcellu-
lar structures, whereas an unspecific staining was sometimes noted
at the rim of the section or background not bound to cell organelles.

4 | DISCUSSION

Theinfectionwith HEV genotype 3asanindigenous diseasein Europe
and the USA has been diagnosed with an increasing frequency in the
recent years.>4%”28 Transmission by blood transfusions and blood
products has recently been reported in several cases.?”3° Whereas
most of the cases run an acute self-limiting hepatitis, the disease

may evolve into a chronic course in immunocompromised patients,
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FIGURE 1 Histology and
immunohistochemistry of patients

with chronic hepatitis E. A, Portal and
periportal area with a dense active
inflammatory infiltrate, cholangitis

and interface hepatitis (200x, H&E).

B, Portal tract in chronic hepatitis E
with interlobular bile duct sustaining
destructive cholangitis (400x, PAS-D). C,
Chronic hepatitis E with three enlarged
portal tracts densely infiltrated by
inflammatory cells and connected by
bridging septae (200x, PAS-D). D, Portal
tract with dense mononuclear infiltrates
and a small bile duct with cholangitis
staining positive for HEV ORF3 (200x,
antibody dilution 1:50). E, Portal tract
with dense mononuclear infiltrates and
a small bile duct with cholangitis staining
positive for HEV ORF2 (400x, antibody
dilution 1:50)

especially in the setting of solid organ transplantation.®*%?” Our
patients received immunosuppression therapy (see Table 3). Also
patients with HIV infection bear the risk to develop a chronic dis-
ease.?%3132 The occurrence of chronic hepatitis E was also reported

t.33

in an immunocompetent patien Recently, Ingiliz P et al described

a patient with persistence of an HEV infection, although the immu-

nosuppressant therapy was terminated.3*

We defined chronic hep-
atitis E in agreement with the classic recommendation of a course
longer than 6 months although in the new guideline of EASL a
chronic hepatitis E can be diagnosed already after 3 months of start-
ing the therapy.35

The incidence of chronic hepatitis E in transplant recipients was
estimated at about 66%°¢; however, this frequency is based on a sin-
gle study, and more data are needed.

The histopathology of acute hepatitis E caused by genotype 3
has been described in several reports’*’; however, a detailed eval-

uation of the chronic lesions is lacking so far; there are only five

8,11,18-20

short statements, and description of two further patients.??
Therefore, we analysed the histopathology of biopsies from 19 pa-
tients with chronic hepatitis E, 17 of whom had undergone solid
organ transplantation, one HIV-negative patient had CD4 lympho-
cyte deficiency and there was one patient who received longstand-
ing steroid therapy because of ulcerative colitis.

The histopathology of chronic hepatitis fits into the pattern of
chronic viral hepatitis with enlarged infiltrated portal tracts, lobular
hepatitis to a variable extend and fibrosis of portal tracts extend-
ing as fibrotic septae into the parenchyma. There are no pathogno-
monic features as are ground glass hepatocytes for chronic hepatitis
B. However, there were some lesions that were more pronounced
than in the other types of chronic viral hepatitis. One is the obvious
active cholangitis that surpassed a reactive cholangitis in type B and
C hepatitis as described in the literature.*>'¢%” Four biopsies of 19
showed grade 1 and ten displayed grade 2 cholangitis; five biopsies
showed a florid active inflammation of the bile ducts with necrosis
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of bile duct epithelia (grade 3, cholangiodestructive cholangitis) as
described by Wendum,** although there was no destruction of the
bile duct membrane and no ductopenia. Cholangitis in hepatitis E
has also been reported by several authors.®131>%” The cause for
this conspicuous bile duct involvement in hepatitis E may be that
the virus is secreted via the bile ducts into the gut and the stool. The
presence of HEV in about 10% to 60% of the hepatocytes (ORF2) is
similar to the results of Lenggenhager et al?° In our cohort, we could
confirm the presence of the virus in bile duct epithelia by immuno-
histochemistry. One group that performed immunohistochemistry
with an in-house-made antibody on post-mortem livers did not re-
port a positive staining for HEV in bile duct epithelia,?* whereas HEV
was recently found in bile canaliculi by another group.?®> Our immu-
nohistochemical staining was similar as observed in immunofluores-

3840 and the authors Allweiss et al

cence staining in chimeric mice,
used the same antibody against ORF3.*°The presence of HEV in bile
duct epithelia has even been demonstrated by electron microscopy
and in situ hybridization.***? The virus is present in the bile duct
epithelia and elicits an inflammatory immune reaction. However, pa-
tients with grade 3 cholangitis do not present with higher cholesta-
sis parameter than patients with grade 1 or 2 cholangitis. Other
causes of cholangitis as recurrence of primary sclerosing cholangitis
or primary biliary cholangitis as well as rejection, ischaemic cholan-
giopathy or autoimmune hepatitis were excluded by serology and
cholangiography. Rejection with endothelitis was not observed and
excluded clinically. Another feature of chronic hepatitis E is the in-
creased number of PMN leucocytes compared to chronic hepatitis B
and C that has been observed also by Agrawal et al®” The evaluation
of the subtypes of infiltrating inflammatory cells suggests that the
virus itself is not cytopathic but triggers a strong antiviral interferon
response.¢*34¢ The majority of the PMN leucocytes were seen in
portal tracts in the vicinity of bile ducts as in florid cholangitis and
some were also noted in the periportal area. In our cases, we did
not observe a complete cirrhosis (stage 6) as it has been reported in
the literature.2>¢ However, one biopsy showed advanced fibrosis in
bridging septae (stage 5). Beyond that we noticed in three biopsies a
conspicuous central vein sclerosis with adjacent pericellular fibrosis.
This did not fit into the fibrosis pattern of chronic viral hepatitis and
can be explained by a pre-existing toxic injury. The impact of immu-
nosuppression on histopathology could not be evaluated since there
are no real controls. All patients received Ribavirin therapy after the
diagnosis of chronic HEV was established after the second PCR test,
according to Wedemeyer et al?’ 17 of the 19 patients cleared the
virus after four to eight weeks of treatment, so follow-up biopsies
were not taken.

Histopathology of the two patients without solid organ trans-
plantation was not different in comparison with the ones who have
received transplantation, and also identical in patients with liver
transplantation.

In summary, chronic hepatitis E shows a histopathological pat-
tern consistent with a chronic hepatitis of viral origin. There are
no pathognomonic features for HEV genotype 3; however, biop-
sies display a cholangitis that is active and sometimes destructive

seemingly because of the presence of the virus in bile duct epithelia.
Peculiar lesions with an increased number of PMN leucocytes are

also present.
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