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Hepatitis E is an emerging zoonotic disease caused by hepatitis E virus (HEV).
Immunohistochemistry (IHC) can be used to verify viral presence in human and swine livers.
The aim of this study was to comparatively analyze the immunolabeling of the ORF2 protein
(pORF2) versus the ORF3 protein (pORF3) of HEV in swine livers from subsistence farms in
the state of Mato Grosso, Brazil. This study included 25 liver samples formalin fixed paraffin
embedded tissue block from a published molecular detection and immunohistochemistry
(IHC) study, which used the HEV pORF3 protein, demonstrating 4% (1/25) of positive
immunolabeling and 96% (24/25) negative, in contrast to the molecular exam that showed
24% (6/25) of liver samples positive and 76% (19/25) negative. In order to increase the
sensitivity of the IHC technique, these samples were analyzed using the antibody for the
detection of HEV pORF2, showing 24% (6/25) immunolabeling positive and 76% (19/25)
negative, equivalent to the result of molecular analysis on corresponding samples. Thus, the
use of antibody to pORF2 increased the number of HEV cases detectable in the IHC by 600%.
The IHC added to molecular techniques can be used as a tool for monitoring viral presence
in swine livers, constituting a sensitive diagnostic methodology when liver samples fixed in
formalin and embedded in paraffin are available.

INDEX TERMS: Immunohistochemistry, pPORF2 HEV, protein, hepatitis E virus, liver, swine, emergent
zoonosis, Brazil.

RESUMO.- [Andlise imuno-histoquimica da proteina ORF2
e proteina ORF3 do virus da hepatite E em figados de
suinos no estado de Mato Grosso, Brasil.] A hepatite E é uma
enfermidade emergente de carater zoonético causada pelo Virus
da Hepatite E (HEV). A imuno-histoquimica (IHQ) pode ser
utilizada para verificar a presenca viral em figados de humanos
e suinos. O objetivo deste estudo foi analisar comparativamente
aimunomarcacdo da proteina ORF2 (pORF2) versus proteina
ORF3 (pORF3) de HEV em figados de suinos de criatérios de
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subsisténcia no estado de Mato Grosso, Brasil. Este trabalho
incluiu 25 amostras de figados de suinos fixados em formol e
embebidos em parafina provenientes de um estudo publicado
de deteccido molecular e imuno-histoquimica (IHQ), que utilizou
PORF3 de HEV, demonstrando 4% (1/25) de imunomarcagdo
positiva e 96% (24/25) negativa, em contraste com o exame
molecular que apresentou 24% (6/25) das amostras de
figado positivas e 76% (19/25) negativas. Com o objetivo de
aumentar a sensibilidade da técnica de IHQ, essas amostras
foram analisadas utilizando o anticorpo para deteccdo da
pORF2 de HEV, apresentando 24% (6/25) de imunomarcagao
positiva e 76% (19/25) negativa, equivalente ao resultado
da andlise molecular em amostras correspondentes. Desta
forma, o uso do anticorpo para pORF2 ampliou o nimero de
casos de HEV detectaveis na IHQ em 600%. A IHQ somada
a técnica molecular pode ser utilizada como ferramenta
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de monitoramento da presenca viral em figados de suinos,
constituindo uma metodologia diagnéstica sensivel quando
ha disponibilidade de amostras de figado fixadas em formol e
embebidas em parafina.

TERMOS DE INDEXACAO: Imuno-histoquimica, pORF2 HEV, proteina,
hepatite E, figado, suinos, zoonose emergente, Brasil.

INTRODUCTION

Hepatitis E is an emerging disease caused by the hepatitis E
virus (HEV) (Purdy etal. 2017). HEV belongs to the Hepeviridae
family and infects mammals, birds, and fish. HEV variants
in humans and swine belong to the genus Orthohepevirus,
which is divided into four species (A-D) and eight genotypes
(Wang & Meng 2021). The viral genome is formed by a single
strand of RNA containing three discontinuous and partially
overlapping open reading frames (ORFs). ORF1 encodes non-
structural proteins, ORF2 encodes the viral capsid structural
protein, and ORF3 encodes a phosphoprotein involved in
virion morphogenesis and output. The presence of ORF4,
identified in genotype 1 but not in others, has also been
discussed (Montpellier et al. 2018, Kenney & Meng 2019).

HEV infections can be zoonotically transmitted and should be
considered in public health (Wang & Meng 2021). An important
route of transmission is the consumption of infected pork
products that have been undercooked or consumed without
cooking (Di colaetal. 2021). Pigs do not develop overt clinical
signs and generally show only minimal to moderate evidence
of liver inflammation (Cullen & Lemon 2019). In humans,
HEV infection can also cause asymptomatic cases or acute
hepatitis with severe and disseminated hepatocellular necrosis
(Cullen & Lemon 2019). HEV infection can also extrahepatic
manifestations, including neurological disorders and kidney
injury (Primadharsini et al. 2021). Patients with liver disease
and pregnant women are may be more vulnerable to HEV
infection (Wang & Meng 2021).

Detection of HEV using immunohistochemistry is related
to the production of viral proteins in certain cell types (Lee
et al. 2009). Previous IHC studies have been described viral
antigen detection in paraffin-embedded human HEV infected
livers (Gupta etal. 2012, Friedman et al. 2016, Lenggenhager
etal.2017) and swine (Ha & Chae 2004, Lee etal. 2009, Lana
etal. 2014, De Souza et al. 2018).

Lenggenhager et al. (2017) carried out a comparative
immunohistochemical study to identify and localize viral proteins
in human livers using different polyclonal and monoclonal
antibodies to the three ORFs of the viral genome, relating the
sensitivity of the immunohistochemical technique to molecular
detection, in situ hybridization, and immunofluorescence
techniques to establish reliable diagnoses of HEV infection.
However, immunohistochemical studies comparing the
differences in immunolabeling intensity between the use of

HEV ORF2 and ORF3 proteins in swine livers have not yet
been reported in the literature.

The aim of this study was to comparatively analyze the
immunolabeling of ORF2 protein (pORF2) versus ORF3
protein (pORF3) from hepatitis E virus in swine livers from
subsistence farms in the state of Mato Grosso, Brazil.

MATERIALS AND METHODS

Sampling. In this study, immunohistochemistry (IHC) was
performed using the HEV ORF2 protein. For this, 25 paraffin swine
(Sus scrofa domesticus) liver blocks from a previous study of HEV
(Lana et al. 2014) were selected.

Immunohistochemistry. A monoclonal anti-HEV ORF2 Clone
1EC (Millipore Corporation) was used as the primary antibody. For
standardization of the positive control of the reaction, a histological
section of the swine liver which was positive for HEV RNA in the
molecular examination was used. For negative control the primary
antibody was replaced by phosphate-buffered saline pH 7.4 (PBS)
in each case. In addition, a histological section of the healthy liver
bovine was used.

Data on the dilution of antibodies, antigen retrieval, detection
method, and chromogen for the detection of pORF2 of HEV are
summarized in Table 1.

Qualitative analysis. The liver sections were evaluated using
optical microscopy (Axio Imager A2, Carl Zeiss) to verify the
presence, intensity, and location of immunolabeling of the HEV
antigen according to the zones of the liver lobes and the cell types
involved. The positivity criteria established in this study were based
on morphological characteristics and defined by immunolabeling
in hepatocytes (cytoplasmic and/or nuclear), with a granular
appearance and intensely brownish color (Lenggenhageretal. 2017,
De Souza et al. 2018).

RESULTS

In this study, [HC results with monoclonal primary antibody to
HEV pORF2 in 25 liver samples showed 24% (6/25) positive
and 76% (19/25) negative immunolabeling. The samples
positive in the immunohistochemical analysis in this study
were the same samples positive in the molecular analysis
performed by Lana et al. (2014).

The characteristics of the immunolabeling pattern observed
in this study included a distinguishable and specific granular
aspect, with an intense brownish coloration located in the
cytoplasm of intact hepatocytes (Fig.1). Hepatocytes with
immunolabeled cytoplasm showed a multifocal and random
distribution, often in a pattern of linear bands extending
through the liver lobes or sometimes focally grouped (Fig.2)
without background staining. Immunolabeling was restricted
to the cytoplasm of hepatocytes, and immunolabeling with
a nuclear or reticular location was not observed in any of
the samples. None of the negative control sections showed
evidence of immunolabeling.

Table 1. Immunohistochemical protocols for the detection of pORF2 of HEV

Antibody Clone/Code Antigen retrivel Dilution Detection methods Chromogen
HEV 1EC 20 min/1000C 1:500 MACH4 HRP Polymer DAB
ORF2 (Millipore Corporation) Tris-EDTA buffer (Biocare) (Dako)

pH 9.0

pPORF2 = ORF2 protein, HEV = hepatitis E virus, MACH4 universal HRP polymer = streptavidin biotin horseradish peroxidase (Biocare), DAB = 3,3’

diaminobenzidine (Dako).
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DISCUSSION

The present study compared the immunohistochemical
findings of hepatitis E in pigs using anti-HEV pORF 2 and
ORF3 antibodies in previously fixed and paraffin-embedded
liver samples. Studies of immunohistochemical detection of
HEV in swine are still restricted in the literature, showing
variability among the findings and lack of standardization
among the antibodies used. With the constant advances in
immunohistochemical techniques for HEV detection described in
the human literature and the possibility of differences between
the immunolabeling intensity according to the genomic region
represented by the chosen antibody (Lenggenhageretal. 2017),
we formulated the question of that these differences could
also be representative in relation to the swine species. The
isolated use of commercial antibodies for immunolabeling of
HEV ORF?2 protein in swine livers has been previously reported
by Ha & Chae (2004) and Lee et al. (2009). However, there
are no reports of immunohistochemical studies comparing
the use of different antibodies to detect pORF2 and pORF3
in corresponding samples from swine livers.

To assess the characteristics of HEV immunolabeling in
human livers, a comparative study carried out by Lenggenhager
et al. (2017) showed that the immunolabeling intensity of
anti-pORF2 antibodies was higher than that of pORF3 and
pORF1 antibodies. A comparative study carried out by Gupta
etal. (2012) also reported an intense positive reaction and a
greater proportion of human hepatocytes using antibodies to
detect the pORF2 than pORF3. The ORF2 is located at the 3’
end of the viral genome and encodes the major viral capsid
protein. It has been shown that this protein also contains
immunogenic epitopes that induce cell-mediated immunity
(Wang & Meng 2021).

These findings described in humans corroborate the
results observed in this study, since the immunolabeling
analysis comparing the results of different primary antibodies
confirmed that the use of pORF2 increased the number of
cases of HEV infection detectable by immunohistochemistry,
with the corresponding difference being 600% favorable to
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ORF2 in relation to ORF3 in the analyzed samples. Despite
a sample of only 25 pigs, the immunohistochemical findings
with the use of the pORF2 were the same to the molecular
findings by Lana et al. (2014) in the corresponding sample
of the livers.

According to Purcell (1996), differences between genomic
regions can be correlated with the amount of viral capsid
proteins (pORF2) being expressed in host cells during
infection, since the epitopes encoded by the ORF2 region are
more conserved (90.5%) than the epitopes contained in ORF3
(73.5%). Ankavay et al. (2019) reported that ORF2-derived
proteins are extremely stable in infected humans and may
represent markers of the evolution of HEV infection. Thus,
the use of an pORF2 antibody increased the sensitivity of
virus detection in porcine livers constituting a recommended
diagnostic methodology for retrospective studies evaluating
viral circulation when liver samples fixed in formalin and
embedded in paraffin are available.

The epidemiological design of Lana et al. (2014) was based
on a case-control study that aimed to compare commercial and
subsistence farms (family scale) and used pigs aged three to
four months. The selection of this age group was intentionally
limited and is related to the dynamics of HEV infection via the
fecal-oral route in swine. Although the percentage of infected
animals varies according to age, the virus can be identified
in animals aged one to five months with a higher prevalence
in pigs between three and four months of age, due to the
decrease in maternal antibodies and the increased probability
of infection through fecal contamination of the environment,
food and water (Williams etal. 2001, De Deus et al. 2008). Once
swine become infected, the virus reaches the liver through
the portal vein, replicating in the cytoplasm of hepatocytes
(Choi & Chae 2003), and can be detected through molecular
analysis or immunohistochemistry during this period.

Immunohistochemistry can provide important information
about the spatial location of the virus during infection, helping
to understand the pathogenesis (Lenggenhager et al. 2017).
However, to characterize the spatial localization of HEV proteins
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Fig.1-2. (1) Swine, liver. Detection of hepatltls E virus (HEV) antigens ORFZ in formalm flxed paraffln embedded. The hepatocytes with
cytoplasmic immunostaining were distributed at random in the liver. IHC, obj.63x, bar = 10um. (2) Swine, liver. The immunostained
hepatocytes showed a brown cytoplasmic staining of hepatitis E virus (HEV) with a linear distribution pattern. IHC, obj.20x, bar = 50pm.
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is important to consider the large genetic variability viral
and the wide range of domestic and wild hosts that can be
infected, determining different patterns of histopathological
lesions in the liver (Cullen & Lemon 2019), and differences
in the spatial location of immunolabeling in hepatocytes
between species (Ha & Chae 2004, Lenggenhager etal. 2017).

Immunohistochemical studies using only isolated commercial
antibodies to HEV ORF2 protein were previously reported
in swine, revealing of pORF2 immunostaining with spatial
localization in hepatocyte cytoplasm (Ha & Chae 2004, Lee et al.
2009), with minimal or no histopathological lesions, presenting
characteristics and spatial location similar to those observed
in this study. In a study by Lana et al. (2014), no statistical
association was observed between the presence of viral RNA
in the liver and the occurrence of microscopic lesions (mild
lymphoplasmacytic periportal hepatitis), which reiterates the
immunolabeling observed in intact hepatocytes in this study;
however, in contrast, De Souza et al. (2018) reported the
occurrence of marked histological lesions in swine hepatocytes
associated with cytoplasmic immunolabeling of HEV using the
primary antibody to pORF3. In humans are reported severe and
disseminated hepatocellular necrosis associated with an expression
and subcellular localization of pORF2 in human hepatocytes
with cytoplasmiclocalization and in the nucleus of hepatocytes
(Friedman etal. 2016, Lenggenhager etal. 2017, Ankavay et al.
2019). According to Ankavay et al. (2019), the infectious form
of pORF2 can be translocated to the nucleus of the infected cell
to control cell functions, promote viral replication, or alter the
antiviral response of the infected cell. There are no reports of
HEV immunostaining in porcine hepatocyte nuclei. We assume
that these differences in the spatial location of viral proteins in
hepatocytes may be associated with the occurrence of mild to
moderate (swine) and severe (human) histopathological lesions.

CONCLUSION

This study demonstrated that the monoclonal primary
antibody to ORF2 protein (pORF2) of hepatitis E virus (HEV)
increased the sensitivity of virus detection in liver samples
from pigs when compared to the polyclonal primary antibody
to pORF3, providing results equivalent to molecular findings
in corresponding samples.
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