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Abstract

Dengue is the most prevalent arboviral disease in humans in tropical and subtropical regions, especially in urban areas, and
can cause major epidemics. Although a self-limiting illness, it may sometimes have serious hemorrhagic manifestations,
and the outcome of dengue hemorrhagic fever has similar clinical manifestations as in other infections, which could result
in death. Therefore, autopsy procedures are required under certain circumstances such as in hemorrhagic fevers, sometimes
to confirm or to clarify the diagnosis that may have epidemiological consequences. Normally, the Immunohistochemistry
Laboratory of the Pathology Center of Adolfo Lutz Institute receives autopsy samples from different hospitals in Sao Paulo
State to confirm a previous diagnosis, especially hemorrhagic fever of infectious etiology. For this diagnosis, we have been
using a mouse polyclonal antibody to dengue virus that often does not provide a clear conclusion, because of background
staining or no relevant immunostaining, which hampers the histopathological analysis. Accordingly, in the present study,
anti-DENV-NS1 monoclonal antibody (4H2) was tested to determine its accuracy in immunohistochemical analysis. Twenty-
four autopsy cases of hemorrhagic febrile syndrome showing histopathological alterations compatible with dengue disease
were studied: twenty cases were confirmed by RT-PCR for DENV-2 and in four by RT-PCR for yellow fever virus. Samples
from autopsied cases of deaths caused by other infectious diseases (two meningitis C and two severe acute respiratory
syndrome caused by influenza A HIN1) were included as negative control cases. Positive immunostaining for DENV-NS1
was detected in 16/20 (80%) liver samples and 11/15 (73%) spleen samples from autopsied hemorrhagic dengue patients,
whereas the polyclonal antibody detected DENV antigens in 12/20 (60%) liver and in 6/15 (40%) spleen samples from the
same cases. Positive results were not obtained with liver biopsy samples from yellow fever or Neisseria meningitides and
Flu-A cases. 4H2 mAb recognizes the native protein of the four DENV serotypes in infected cells and did not cross-react with
native ZIKV- or CHK V-infected cells by immunohistochemical assay, so it is a useful tool for differential histopathological
conclusion of acute febrile hemorrhagic deaths.
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Introduction

Dengue fever is one of the most important mosquito-borne
human diseases in humans worldwide, caused by one of
54 Roxane Maria Fontes Piazza the four dengue virus serotypes (DENV-1 to DENV-4) [1].

roxane.piazza@butantan.gov.br Infection with any of the DENV serotypes may be asympto-
matic in the majority of cases or may result in a wide spec-
trum of clinical symptoms, ranging from dengue fever to the
most severe forms of the disease, dengue hemorrhagic fever,
or dengue shock syndrome, which includes coagulopathy,
circulatory shock, hemorrhagic manifestations and organ
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dysfunction [2]. If not properly managed, mortality rates in
severe dengue patients can be as high as 30% [3].

After a period of great epizooty due to yellow fever
(YF) reported in Brazil’s South and Southeast regions
(2016-2018), the country faced an increase in fatal dengue
cases caused mainly by DENV-2. Nevertheless, with simul-
taneous circulation of other microorganisms that may cause
hemorrhagic fever such as Leptospira spp., Rickettsia ricket-
sii, hantavirus, and other arboviruses (YF virus, arenavirus),
it is sometimes not possible to differentiate them in autopsy
procedures [4].

In severe dengue cases, the liver is the most affected
organ. The histopathological lesions are characterized by
centrilobular necrosis with scarce Councilman bodies and
mild microvesicular steatosis with little inflammation. In the
spleen, there is a reduction in the splenic white pulp with
lymphocytolysis; phagocytosis of these cells and red blood
cells is also observed [5-8].

DENY nonstructural protein 1 (DENV-NS1) is the only
viral protein secreted by infected cells, resulting in high
blood concentrations patients with severe dengue disease.
It plays a role in viral replication, immune evasion, and
pathogenesis via activation of complement pathways [9].
NS1 can bind to the vascular endothelium where it initiates
a series of events that increases the permeability of human
endothelial cells, in addition to binding to circulating anti-
bodies forming immunocomplexes [10]. These are deposited
in renal tubules and, from then on, will not be detectable by
serological tests. Studies suggest that the NS1 protein plays
an important role in the phenomena observed in endothelial
dysfunction during the evolution of the severe form of the
disease (dengue hemorrhagic fever) [10]. DENV-NSI1 can
be detected in dengue patients for diagnostic purposes by an
ELISA test in the beginning of the disease.

Immunohistochemistry has proven to be a useful tool in
the diagnosis of infectious diseases in tissue samples. It is a
very sensitive, safe, and specific diagnostic tool. Serological
tests and blood RT-PCR are the common diagnostic tools for
dengue. However, there are some situations that are neces-
sary to confirm dengue in tissue samples, especially in hem-
orrhagic fevers in autopsy samples. Autopsy procedures can
be mandatory under certain circumstances such as hemor-
rhagic fevers, sometimes to confirm or to clarify the diagno-
sis that may have epidemiological consequences. In Brazil,
it is very important to detect YF, malaria, dengue hemor-
rhagic fever, rickettsiosis, and other emerging and reemerg-
ing diseases such as Zika and chikungunya fever viruses and
arenaviruses. Dengue fever has emerged as a major global
public health problem over the past four decades. Although
the demonstration of dengue virus by means of biomolecular
assays is widespread today, especially with RT-PCR, there
may be some situations in which this approach cannot be
used, such as with inadequate collection and/or sampling,
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misinformation, or lack of time due to rapid evolution to
death. In these situations, the demonstration of the presence
of viral antigens in tissue lesions by immunohistochemistry
becomes crucial for the diagnostic conclusion either with a
biopsy or at autopsy. Autopsy is important since the majority
of cases are confirmed only by clinical physiognomies, and
in an endemic country such as Brazil, the outcome of febrile
hemorrhagic deaths can be due to other pathogens.

The Immunohistochemistry Laboratory (IHCL) of the
Pathology Center of the Instituto Adolfo Lutz (PAC-IAL)
routinely receives autopsy samples from different hospi-
tals in Sao Paulo State to confirm a previous diagnosis,
especially hemorrhagic fevers of infectious etiology. In the
period covered by the present study (2018-2020), we have
had a large number of deaths due to dengue hemorrhagic
fever, caused mainly by DENV-2, which has been confirmed
by biomolecular tests (RT-PCR) carried out by the Virology
Center of the same institute (VC-IAL). Routinely, we have
used a mouse polyclonal antibody to dengue virus [5] that
often does not produce a straightforward outcome, because
of background staining or no relevant immunostaining,
which hampers histopathological analysis. To overcome
this, we evaluated the DENV-NS1 monoclonal antibody 4H2
{anti-DENV-NS1 mAb (4H2)} [11]. 4H2 mAD belongs to
the isotype IgG2a and binds to DENV-NSI1 protein with a
dissociation constant of 6.2 x 1078 M. The mAb recognizes
in DENV2-NS1 the specific epitope '*’ELHNQTFLIDG-
PETAEC!* and recognizes DENV-1- to DENV-4-infected
Vero cells, with no cross-reaction with Zika virus-infected
Vero cells [11].

The results obtained showed that a new antibody alterna-
tive was established for dengue virus immunohistochemi-
cal (IHC) analysis performed on autopsy tissue samples of
patients who died of hemorrhagic fever.

Materials and methods
Casuistic

From 2018 to 2020, twenty autopsy liver samples and thir-
teen spleen samples with confirmatory molecular tests for
DENV-2, detected by RT-PCR in the liver and/or spleen,
were selected. Additionally, other infectious disease cases
were included as non-dengue controls. Confirmed sam-
ples {by RT-PCR and IHC assay} of yellow fever (YF,
four cases), meningitis gen group C (Men-C, two cases),
and severe acute respiratory syndrome due to influenza A
HINT (SARS Flu-A HINI, two cases) also were selected
from the autopsy routine received at PAC-IAL from 2018
to 2020. All selected dengue cases showed histopathologi-
cal lesions compatible with dengue in the liver and spleen,
characterized by mild necrosis and apoptosis of isolated and
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Fig. 1 Major histological find-
ings in acute dengue hemor-
rhagic fever: A mild necrosis
and apoptosis (arrows) of
isolated and sparse hepatocytes
in the mediozonal region of
the liver and B perifollicular
reactivity in the spleen

sparse hepatocytes in the mediozonal region of the liver and
perifollicular reactivity in the spleen (Fig. 1).

For DENV-positive controls, pellets of cultured Vero cells
infected with the four DENV types were produced [12], and
cells fixed in 10% buffered formalin prior to paraffin embed-
ding. To exclude any non-specific reactivity of the antibodies
used in this study with other arboviruses currently of interest
in Brazil, tests also included preparations of cultured Vero
cells infected with native chikungunya virus (CHKV) and
Zika virus (ZIKV).

Fig.2 4H?2 anti-DENV-NSI1 A
monoclonal antibody purifica-
tion. A AKTAprime profile - w
using protein G affinity chro-
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RT-qPCR

Total RNA was extracted from tissue samples (liver and
spleen) using the QIAamp RNA Blood Mini Kit (Qiagen,
Germany) following the manufacturer’s instructions. RNA
was submitted to one-step real-time reverse transcription
quantitative polymerase chain reaction (RT-qPCR), probe-
based to detect and serotype DENV [13]. Samples were
considered positive if cycle threshold (CT) was <36. The
threshold line was established right above the background
signal and crossing the initial exponential phase for each
serotype individually.
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Fig. 3 Immunoreactivity of
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Monoclonal antibody purification

4H2 mAb-secreting cells, kept in liquid nitrogen, were
thawed and expanded in RPMI 1640 medium supple-
mented with 10% fetal bovine serum at 37 °C and 5% CO,.
Hybridoma supernatants were collected, filtered (0.45 pm)
and purified by protein G affinity chromatography using
AKTAprime (GE-Healthcare, Freiburg, Germany). MAb
purity was determined by 12% sodium dodecyl sulfate—poly-
acrylamide gel electrophoresis (SDS-PAGE) with Coomas-
sie blue R-250 staining.

Immunohistochemistry

Tissue fragments collected at the time of autopsy were
routinely fixed in 10% buffered formalin and embedded in
paraffin. Cell culture pellets were submitted to the same
histological procedures. Immunohistochemistry procedures
were performed on three micrometers 3-pum-thick tissue sec-
tions fixed on silane-treated slides. Antigen retrieval was
performed at neutral pH (Reveal Decloaker, Biocare Medi-
cal, USA) by means of moist heat under pressure (Decloak-
ing Chamber NxGen, Biocare Medical, USA). The sections
were then incubated with protein-blocking solution (Back-
ground Punisher, Biocare Medical, USA), for 10 min at
37 °C and then by diluted primary antibodies in a humid
chamber at 4 °C for 18 h. 4H2 mAb (Butantan Institute) was
diluted at 1:1,000 in diluent (1% bovine serum albumin in
10 mM phosphate-buffered saline (PBS), pH 7.4. The mouse
polyclonal antibody (hyperimmune antiserum from ascitic
fluid against four dengue strains, Instituto Evandro Chagas,
Belem-Par4, Brazil) [5] was diluted at 1:10,000.
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After this step, the slides were thoroughly washed in
Tris-buffered saline (TBS) to proceed with amplification of
the reaction through a system of polymers conjugated with
secondary antibodies and alkaline phosphatase (MACH 4
Universal AP, Biocare Medical, USA), at 37 °C for 30 min.
After a new washing step in TBS, chromogenic substrate
naphthol phosphate-Fast Red (Warp Red Chromogen, Bio-
care Medical, USA) was applied to the sections for 5 to
10 min at 37 °C. The product of the enzyme-chromogenic
substrate reaction was evidenced by the formation of a
cherry-red precipitate. Finally, the slides were thoroughly
washed in running and distilled water and subjected to coun-
ter-staining (light) with Mayer’s hematoxylin, followed by
dehydration and coverslipping with Entellan (Merck).

The evaluation of the reaction was carried out by light
microscopy by the presence or absence of a colored immu-
noenzymatic reaction product provided by alkaline phos-
phatase and chromogenic substrate (cherry red color), as
shown in Fig. 4a (positive control reaction).

Results

Before IHC assay, 4H2 mAb was purified by protein G
affinity chromatography, and its purity was checked by
SDS-PAGE, in which we observed both IgG chains (50 and
25 kDa) (Fig. 2). Previously, the reactivity of 4H2 mAb with
the four DENV serotypes was verified by immunofluores-
cence of Vero cells infected with DENV-1 to DENV-4 [11].
Herein, as controls in IHC assays, we also confirmed the
reactivity of this mAb in formalin-fixed and paraffin-embed-
ded Vero cells infected with the four dengue serotypes. It
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Table 1 Samples used and results obtained in immunohistochemical study with anti-DENV-NS1 mAb (4H2) and mouse polyclonal antibody to

DENV

# Sex Age (y) RT-PCR Anti-DENV-NS1 (4H2) Polyclonal anti-DENV
1 F 31 DENV-2: liver, spleen Negative Negative

2 F 36 DENV-2: liver, spleen Negative Negative

3 F 72 DENV-2: liver, spleen Positive: liver, spleen Positive: liver, spleen
4 F 80 DENV-2: liver, spleen Positive: liver, spleen Positive: liver, spleen
5 F 54 DENV-2: liver, spleen Positive: liver Positive: liver

6 F 60 DENV-2: liver, spleen Positive: liver Negative

7 F 26 DENV-2: liver, spleen Positive: liver, spleen Positive: liver, spleen
8 F 81 DENV-2: liver, spleen Negative Negative

9 M 24 DENV-2: liver, spleen Positive: liver, spleen Positive: liver, spleen
10 M 47 DENV-2: liver, spleen Positive: liver Positive: liver

11 M 58 DENV-2: liver, spleen Positive: liver Positive: liver

12 F 28 DENV-2: liver, spleen Positive: liver, spleen Negative

13 F 39 DENV-2: spleen Negative Negative

14 F 44 DENV-2: liver, spleen Positive: liver, spleen Negative

15 F 72 DENV-2: liver, spleen Positive: liver, spleen Negative

16 M 10 DENV-2: liver, spleen Positive: liver, spleen Negative

17 F 8 DENV-2: spleen Positive: liver, spleen Positive: liver

18 F 63 DENV-2: liver, spleen Positive: liver, spleen Positive: liver, spleen
19 M 85 DENV-2: liver Positive: liver Positive: liver

20 M 40 DENV-2: liver, spleen Positive: liver, spleen Positive: liver, spleen
21 M 27 YFV: liver Negative Negative

22 M 32 YFV: liver Negative Negative

23 M 59 YFV: liver, spleen Negative Negative

24 M 56 YFV: liver Negative Negative

25 F MEN-C: brain,lung,spleen Negative Negative

26 F 9 MEN-C: brain,liver,spleen Negative Negative

27 M 24 FLU-A (HIN1pdm09):lung Negative Negative

28 F 44 FLU-A (HIN1pdm09):lung Negative Negative
DENV-1-infected cultured cells DENV-1 detectable Positive Positive
DENV-2-infected cultured cells DENV-2 detectable Positive Positive
DENV-3-infected cultured cells DENV-3 detectable Positive Positive
DENV-4-infected cultured cells DENV-4 detectable Positive Positive
CHKV-infected cultured cells CHKY detectable Negative Negative
ZIKV-infected cultured cells ZIKV detectable Negative Negative

In cases # 5, 6,10, 11, 15, and 19, spleen samples were not available for immunostaining assays

DENV-1 dengue virus type 1; DENV-2 dengue virus type 2; DENV-3 dengue virus type 3; DENV-4 dengue virus type 4; YFV yellow fever virus;
MEN-C Neisseria meningitides, Gen Group C; FLU-A influenza A virus, subtype HIN1 (pdm09)

was observed, in different patterns, that DENV-1 infected
cells showed moderate reactivity, DENV-2- and DENV-
3-infected cells demonstrated excellent reactivity, whereas
DENV-4 showed light color reaction (Fig. 3).

Concerning the autopsy samples tested, among the 20
cases of dengue hemorrhagic fever confirmed by RT-PCR,
positive immunostaining of the DENV-NSI1 antigen revealed
by 4H2 mAb was found in 16/20 (80%) liver samples and in
11/15 (73%) spleen samples, with histopathological lesions
in the liver and/or spleen compatible with dengue. The

mouse polyclonal antibody demonstrated antigen in 12/20
(60%) liver samples and in 6/15 (40%) spleen samples. In
five cases (5/20, 25%), dengue antigen demonstration in the
spleen by immunohistochemistry was not possible because
samples were not available (Table 1). Vero cells infected
with CHK and ZKV virus did not react with 4H2 mAb nor
with the polyclonal antibody as observed as well in YF,
Men-C, and SARS Flu-A HIN1 samples, thus corroborat-
ing the specificity of anti-DENV-NS1 mAb (Table 1).
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Fig.4 Immunohistochemical reactions with anti-DENV-NS1 mAb
(4H2), visualized with alkaline phosphatase-conjugated secondary
antibodies and Fast Red chromogen (in red color), where the pres-
ence of the antigen was evidenced in a cultured Vero cells infected

Positive control using cultured cell infected with DENV-2
produced an intensely positive reaction with 4H2 mAb
(Fig. 4a). The presence of the antigen was demonstrated in
the liver in Kupffer cells and near the vascular endothelium
(Fig. 4b), diffusely distributed in the liver parenchyma. No
immunostaining was seen in hepatocytes. In the spleen, the
antigen was detected in the cytoplasm of reactive lymphoid
cells and macrophages, mainly perifollicular, and also in
the endothelium of small vessels and centrilobular arterioles
(Fig. 4¢). The polyclonal antibody produced similar antigen
immunolocalization but with lower intensity and in fewer
cases. No positive results were found in YF liver samples
(0/4), meningitis C (0/2), SARS Flu-A HINI (0/2), or in
cultured cells infected by chikungunya fever virus (0/1) and
Zika virus (0/1).

Discussion

Polyclonal dengue virus antibodies currently available in
THCL for IHC diagnosis do not perform well for the four
dengue virus serotypes (DENV-1 to DENV-4). IHC analy-
sis with anti-DENV-NS1 mAb in autopsied cases was posi-
tive in 16/20 liver samples (80%) and in 11/15 (73%) spleen
samples of patients who died of dengue hemorrhagic fever,
previously confirmed biomolecularly (DENV2-RT PCR).
Immunostaining with the polyclonal antibody showed posi-
tivity in 12/20 (60%) liver samples and in 6/15 (40%) spleen
samples. In five cases, IHC assay of spleen samples (5/20,
25%) was not possible because fragments were not collected
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with DENV-2; b vascular endothelium and Kupffer cells in liver tis-
sue; and ¢ endothelium, macrophages, and reactive lymphoid cells in
spleen tissue

or because material was inadequate probably due to bad tis-
sue preservation (poor fixation or excessive exposure time in
formalin). Although lower sensitivity and some background
reactivity were seen in tests, this mouse polyclonal antibody
is still a useful tool for initial screening. The NS1 antigen
was detected in the liver only in Kupffer cells and endothe-
lial cells (not in hepatocytes), and in the spleen, the pres-
ence of NS1 was demonstrated in reactive lymphoid cells,
macrophages, and endothelial cells. Our results corroborate
previous findings described by Puerta-Guardo et al. [10],
showing that the damage caused by DENV-NSI leads to
endothelial hyperpermeability, thereby enabling 4H2 mAb
to detect DENV-NS1 antigen in endothelial cells.

No positive results were obtained in liver samples of
patients with YF (0/4), Men-C (0/2), or SARS Flu-A HIN1
(0/2) or in cultured cells infected with CHKV (0/1) or ZIKV
(0/1).

Because 4H2 mAb recognizes the native protein in THC
assays in Vero cells infected with the four DENV serotypes
and since it did not cross-react with native ZIKV NS1 in
infected Vero cells [11], we performed here IHC assays
to determine the presence of NS1 protein from other den-
gue virus serotypes (DENV-1, DENV-3, and DENV-4) in
experimentally infected cells, showing the sensitivity of
this antibody in recognizing the four DENV serotypes.
4H2 mADb has been shown to be an excellent diagnostic
tool for detecting DENV-2 antigen in formalin-fixed tissue
samples and can be very useful in routine autopsy diag-
nostics, especially in the aforementioned epidemic out-
break of DENV-2. Further studies based on postmortem
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tissue samples in cases of other dengue serotypes should
be carried out to evaluate the performance of this 4H2
antibody. Moreover, the crucial purpose of searching for
better laboratory protocols is to increase the accuracy of
differential diagnostics to benefit epidemiological surveil-
lance actions.
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