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ABSTRACT

Dengue virus (DENV) and Yellow Fever virus (YFV) are Flavivi-
ruses transmitted by arthropod vectors that stand out as a major pub-
lic health problem worldwide due to their high incidence rates and
morbidity. They are related to the development of severe alterations,
mainly associated with hemorrhagic and hepatic damages. In view of
this information, the objective of this review is to describe the data
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available in the literature on the main histopathological alterations in
the liver after infection by DENV and YFV. For so, a literature search
was conducted in the PubMed and ScienceDirect databases for the
selection of articles published between 2005 and 2018 with relevance
on the subject under study. The search resulted in the selection of 20
articles, of which 15 assessed the histopathological alterations in the
liver after infection by DENV and 5 evaluated liver tissue damage af-
ter YFV infection. All studies demonstrated the presence of the main
tissue abnormalities typical of dengue and yellow fever infection,
showing a greater severity of hepatic damage related to YF infection.
The main histopathological alterations in the liver after infection by
these arboviruses have been demonstrated, however, the knowledge
regarding some tissue damage in the liver is limited. There is, there-
fore, the need for further studies to clarify the pathogenesis of the
arboviruses under study and the role in the progression and severity
of the lesions, especially related to liver damage.
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INTRODUCTION

Members of the genus Flavivirus group are the viruses responsible
for causing a range of diseases transmitted by hematophagous arthro-
pod vectors, including Yellow Fever virus (YFV) and the four anti-
genically distinct serotypes of Dengue virus (DENV 1-4)"?. DENV
is an arbovirus responsible for generating an extensive economic
and social impact, with an estimated 390 million infections a year"".
Yellow fever is an acute febrile infectious disease with a high mortal-



ity rate that is considered as one of the most important emerging or
reemerging arboviruses in Brazil and in the world™**”, Most of the
infections caused by DENV and YFV are asymptomatic and, when
symptomatic, can evolve to cure or to hemorrhagic clinical condi-
tions and hepatic impairment™”.

Infection by these arboviruses causes involvement of several or-
gans, especially the liver™. Severe liver involvement is one of the
important risk factors in patients who decease from infection with
severe Dengue and Yellow fever”™”. Evidence shows that the liver is
an important organ of replication and pathogenesis of infection by
DENYV and YFV, although its mechanisms are not yet fully under-
stood"”™. Therefore, further studies are needed to elucidate the exact
mechanisms of liver tissue damage!”.

Damage to the liver alters the normal functioning of the organ and
consequently affects other interconnected organs. This event usually
occurs in severe forms of DENV, characterized as Dengue Hemor-
thagic Fever (DHF) and Dengue Shock Syndrome (DSS)™*'”. In YFV
infection, the morphological diagnosis, based on alterations char-
acteristic of liver damage, is one of the most important methods in
the identification of the disease and its degree of impairment, so that
there is correct management of the patient .

Based on the information presented, this review covers the current
knowledge of the main histopathological alterations in the liver after
viral infections of Dengue and Yellow Fever viruses from different
histological methods in order to clarify the progression and pathogen-
esis of these Flaviviruses. Furthermore, it highlights the aspects used
to assess the degree of hepatic lesions generated after viral infections
by the virus under study.

MATERIALS AND METHODS

The present study is a systematic review on the main histological
alterations associated with liver damage after infection by DENV and
YFV. In this study, articles published and indexed in the PubMed and
ScienceDirect databases with the descriptors liver damage, histology,
flavivirus, dengue and yellow fever were selected.

The articles selected corresponded to the following inclusion
criteria: (1) articles published in English, (2) fully available in the
selected databases (3) with publication period from 2005 to 2018
and (4) articles that addressed information relevant to the theme pro-
posed. Articles based on human and animal studies were included.
In addition, exclusion criteria were established for the exclusion of
review articles or with publication prior to the year established in
the search and studies that did not present information relevant to
the topic addressed. In detail, for the selection of articles, the criteria
were divided into: identification, screening, eligibility and inclusion.
In the identification process, the articles in the database were selected
and those that appeared in duplicates were removed. Upon screening,
the articles were selected according to the pre-established inclusion
criteria.

For the eligibility of publications, each title and abstract was read
in detail to confirm relevance and fit the theme under study of this
research. In the end, the articles read in full and that presented infor-
mation that could compose the review were selected. The selection
process of the articles is shown in figure 1.

RESULTS AND DISCUSSION

From the search of data in the literature, 497 articles were found in
the databases ScienceDirect (412) and Pubmed (85), of which 477
were excluded because they did not meet the pre-established criteria
and because they did not have enough data to compose the review. Of
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the total, 20 articles published in the 2005-2018 period were included
in this study. Among the articles analyzed, 15 evaluated the liver
histopathological changes in experimental and human models after
infection by DENV and 5 evaluated histopathological changes after
YFV infection. All articles selected used normal histological method-
ology, using light microscopy and tissue staining using hematoxylin-
eosin stain. This methodology is described as the standard technique
for analysis of histological changes. From the articles selected for the
review, 3 analyzed ultrastructural changes using electron microscopy
methodology and 5 quantitatively evaluated the degree of liver dam-
age generated by DENV and YFV. Additionally, 4 articles evaluated
the presence of viral antigens in the hepatic tissue by methodology
described as immunohistochemistry.

HISTOPATHOLOGICAL ALTERATIONS
FOUND IN THE LIVER AFTER INFECTION WITH
DENGUE AND YELLOW FEVER VIRUS

According to the results of the studies, it was possible to observe a
greater evidence of hepatic histopathological alterations such as ste-
atosis, hepatocyte swelling, necrosis, areas of hemorrhage, edema and
inflammatory infiltrate in experimental models infected with DENV
and YFV, similar to the changes described in the infection by these
viruses"”"**!. The main histopathological changes are described
in Table 1. Among the histological characteristics present in YFV-
infected humans, hepatocellular balloonism, Councilman corpuscle
and the presence of apoptotic acidophilic bodies are the most evident
findings in these patients"****", The approach of the histological al-
terations of YFV and DENV is of great importance for the differential
diagnosis, mainly because both diseases cause clinical manifestations
of similar acute phase, but the hepatic damages in YFV infections
are more serious and with a higher mortality rate when compared
to DENV®”. Diagnosis based on the YFV morphological changes
is currently the gold standard for identifying the infection, based on
specific morphological characteristics of liver damage, as mentioned
previously, and which are observed in almost all human cases"**, It
is worth mentioning that the severity of hepatic changes is associated
with circulating virus strain and host susceptibility'™.

The presence of hepatocellular balloonism can be attributed to
interference with mechanisms of control of water and ion concentra-
tions, which may result from direct action of the YFV virus on the
cell membrane or as a consequence of the immune response gener-
ated by the host"”. Another clear finding in the infection, called
Councilman’s corpuscles, is usually found in hepatocytes, secondary
to the development of apoptosis, where degeneration of the nucleolus
occurs and the protein resulting from the apoptotic process remains
accumulated®”.

Identification of articles
found in databases
n=417

IDENTIFICATION

Removal of duplicate arficles
n =289

——

[ )

Selection of studies to be Exclusion of articles due fo discordance
SCREENING inclued in the review with pre-established inclusion criteria
n =208 n=180
Articles selected for Removal of studies due
ELIGIBILITY inclusion in the study to insuficient data
n=28 n=8

|

Articles included in the review
INCLUSION n=20

Figure 1 Flowchart showing the process of searching and selecting the
reported studies.



Table 1 Main histopathological alterations caused by DENV and YFV reported in studies included in this review
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Kupffer cells, KC; Dengue virus (DENV) and Yellow Fever virus (YFV).
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In relation to the hepatic tissue damage reported in humans infect-
ed by DENYV, most studies have demonstrated some common charac-
teristics of the livers infected with this virus, especially highlighting
the presence of necrosis and microvesicular steatosis">'">*!. The
presence of necrosis is a common finding among studies in both hu-
mans and in models of mice infected by DENV and YFV®'>!2222¢1,
Histopathological evidence suggests that severe forms of DENV
are determined by the presence of hepatocellular necrosis, usually
delimited to zones I and IT of hepatic acini””. However, most of the
histopathological aspects, not only necrosis, were evident in zone II
of hepatic acini, due to the low presence of oxygen attained in this
region” "), The same pattern of lesion in the middle zone was also
observed in other arboviral diseases, as in cases of patients infected
with YFV, where greater damage was observed associated to zone
11, described as a median area in the hepatic tissue and presenting
a higher concentration of antigen yellow fever****"**, In contrast,
the study by Povoa™ demonstrated a greater degree of liver damage
associated with only zone I, in which it presents itself as an oxygen-
rich area.

In DENV and YFV infection, detection of microvesicular steatosis
in most studies is conditioned by changes in lipid metabolism, most
of which is in the development of hepatomegaly"*”. This finding
was reversible, progressively reduced and possibly associated with
the development of the milder form of dengue (DF). In fact, some
studies have observed a strong association between the development
of lipid vacuoles and viral replication in hepatocytes, which may be
explained by the aid in the formation of the capsid and non-structural
proteins'”7*. Some studies have demonstrated the presence of mac-
rovesicular steatosis associated with more severe conditions, espe-
cially during human infection, but less evidence!**". The presence
of these lipid vacuoles may influence the spread of the virus to other
regions of the liver tissue, as well as progression to other organs”™.

The presence of hemorrhage and edema in the majority of the
studies, which is characteristic of the severe forms of DENV (DHF
/ DSS), is possibly associated with an increase in the permeability
of blood vessels. It consequently causes extravasation of plasma,
leading to the development of these alterations™****"". In fact, plasma
leakage is one of the major complications of severe dengue™. Ap-
proximately one-third of patients with dengue fever may have hem-
orrhagic manifestations, possibly related to platelet count”. In the
study performed by Sakinah"¥, we observed the displacement of
endothelial cells that can travel with plasma leakage and bleeding in
these areas with release of these cells in the blood vessels, a finding
commonly present during DHF / DSS frames'".

Other histopathological changes such as the presence of a cellular
infiltrate consisting mainly of lymphocytes and an increased number
of Kupffer cells, observed in some studies by DENV and YFV, may
be associated with the development of immune response against the
presence of the viral agent inside the cells, leading to the release of a
range of inflammatory cytokines in response to damage caused by the
Virus[l(),l4,22,33]'

In the study conducted by Paes"”, erythrophagocytosis was
observed in hepatic tissues of animal experimental models, when
stained by Masson’s Tricomm. This is a rare finding and may pos-
sibly be related to the development of severe forms of dengue®™. Ac-
cording to previous studies, the presence of this finding was limited

35,36

to bone marrow macrophages in humans™>*". In fact, this study was

the first to describe the presence of erythrophagocytosis in the liver
of infected mice”.
Another prominent feature of viral infection by DENV and YFV is

apoptosis. The presence of this finding in hepatocytes, Kupffer cells
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and endothelial cells is mainly related to the cytopathic effect inher-
ent to viral replication and development of immune response of the
host, in order to neutralize the virus present and interfere in the rep-

171821 Tn studies with animals and humans infected

lication process
with YFV, apoptosis was associated with the presence of acidophilic
bodies, which is characterized by being one of the most important
changes in the virus infection**. This finding may be of great im-
portance in the identification of YFV and, as it is absent in cases of
DENYV, can be used as a marker for differential diagnosis™.
Ultrastructural analyses through electron microscopy performed
in three studies were similar to most of the results found in the his-
topathological analyses, where the presence of swollen hepatocytes,
vacuolization of hepatocytes and endothelial cells, as well as the

172437 Electron

presence of inflammatory infiltrates of lymphocytes!
microscopy analysis also revealed dilated sinusoidal capillaries,
numerous inclusions of large lipid droplets within the hepatocytes,
1 Other hepatic alterations, such

as vacuolar degeneration of the nucleus and the presence of swollen

typical of macrovesicular steatosis

mitochondria, were observed at a lower frequency, possibly suggest-
ing the onset of apoptosis. These results are similar to those described
in human studies, but the analysis of these liver changes in humans is

currently limited™*®.

SEMI-QUANTITATIVE AND
IMMUNOHISTOCHEMICAL ANALYSIS
OF HEPATIC ALTERATIONS CAUSED BY
DENGUE AND YELLOW FEVER VIRUSES

The immunohistochemical analysis performed in four studies showed
the presence of viral antigens, such as the NS3 non-structural protein,
in hepatocytes, endothelial cells and Kupffer cells, confirming the
replication of the virus in these cells and emphasizing that they can
be target cells for replication of DENV™**". These findings were con-
firmed by in situ hybridization, from the detection by specific probes
to the negative strand of dengue RNA, which is present only within
cells during replication and is a tool used to detect viral tropism. The
results demonstrated hybridization in the hepatocytes, which con-
firms the replication of the virus in these cells™". Further analyses,
based on the detection of viral antigens primarily in hepatocytes,
endothelial cells and Kupffer cells, were also found, correlating with
studies described in fatal human cases”**”. Antigen or non-structural
proteins of E, NS1 and NS3 viruses were identified in the cytoplasm
of hepatocytes and Kupffer cells in all study patients'™. Nevertheless,
the NS1 non-structural protein was not visualized in capillaries, sug-
gesting that DENV infection did not cause direct endothelial dam-
age™”.

In addition to the histopathological findings, five studies per-
formed semi-quantitative analyses of liver alterations after infection
by DENV and YFV. In the study by Paes"”, the analyses were per-
formed according to the degree of steatosis, hepatocyte swelling, ne-
crosis, hemorrhage and intercellular edema, using a subjective scale
ranging from 0 to 4 (0: no alteration, 1: mild and focally, 2: moderate
and focally, 3: severe and focal, and 4: severe and diffuse), according
to degree of injury. The histopathological alterations were evaluated
according to the progression of the disease, being evaluated from the
first day of infection to the 49th day. Among the alterations quanti-
fied, the statistically significant peak of necrosis occurred only on the
seventh day of infection and regressed during the later days, which
corroborates the information described in the literature, highlighting
a longer period of viremia and viral replication after the seventh day



of infection™"'. Peak intercellular edema was statistically significant
only on the 14th day of infection. Other alterations were mild to
moderate. Nevertheless, on the 49th day after infection, all hepatic le-
sions reduced drastically, presenting levels similar to those observed
in control rats!'”.

In contrast, in the study by Pévoa™ and Barth””, the semi-quan-
titative analysis was based on the presence of steatosis, hemorrhage
and edema present in all hepatic lobes, where it was evaluated and
quantified by means of a scale from 0 to 4, according to the affected

. 24
areas. Povoa™

observed intense degrees of injury in all alterations
analyzed when compared to controls. In addition to these alterations,
Barth®” verified the degree of vacuation and swelling of hepatocytes
as well as endothelial cells. Light and focal alterations were observed
in all areas evaluated when compared to control mice”.

In the semi-quantitative evaluation of patients infected by YFV, in

1 and Quaresma™, the degree

the studies conducted by Dias Junior
of injury was quantified with scores ranging from 0 to 3 (0 = absent,
+ = mild, ++ = moderate and +++ = intense). In the first study, we
evaluated the degree of injury caused by acidophilic bodies, balloon
degeneration, steatosis, morular cells and binucleation of hepato-
14 All findings were mild to moderate in patients with YFV.

However, the majority of the patients evaluated showed moderate he-

cytes

patocytes with binucleate and presence of balonization. In the study
by Quaresma”, the degree of hepatic injury was verified from the
presence of apoptosis, necrosis and steatosis, where a greater preva-
lence of apoptosis of hepatocytes was observed when compared to

. . (14
the presence of necrosis and steatosis'*.

CONCLUSION

This review demonstrated the main histopathological changes found
after infection by DENV and YFV, besides evidencing the impor-
tance of the findings to uncover the main impulses of the hepatic
tissue. Knowledge about the pathogenesis of viral infections with
microscopic data in the clinical and laboratory evaluation of patients,
such as the prognosis, prevents the disease from being agravetad.
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