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Abstract: Yellow fever (YF) is a pansystemic disease caused by the yellow fever virus (YFV), the 
prototype species of the family Flaviviridae and genus Flavivirus, and has a highly complex host-
pathogen relationship, in which endothelial dysfunction reflects viral disease tropism. In this study, 
the in situ endothelial response was evaluated. Liver tissue samples were collected from 21 YFV-
positive patients who died due to the disease and five flavivirus-negative controls who died of other 
causes and whose hepatic parenchyma architecture was preserved. Immunohistochemical analysis 
of tissues in the hepatic parenchyma of YF cases showed significantly higher expression of E-selec-
tin, P-selectin, intercellular adhesion molecule-1, vascular cell adhesion molecule-1, and very late 
antigen-4 in YFV-positive cases than in flavivirus-negative controls. These results indicate that en-
dothelium activation aggravates the inflammatory response by inducing the expression of adhesion 
molecules that contribute to the rolling, recruitment, migration, and construction of the inflamma-
tory process in the hepatic parenchyma in fatal YF cases. 
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1. Introduction 
Yellow fever (YF) is a mosquito-borne disease caused by the yellow fever virus (YFV), 

an arbovirus belonging to the family Flaviviridae, and genus Flavivirus. In recent years, the 
disease has drawn attention due to the risk of re-emergence of urban YF [1,2,3]. Between 
2016–2019, Brazil experienced a major epidemic in the country [3]. YF is considered the 
original viral haemorrhagic fever that induces a pansystemic response in severe clinical 
presentations [3,4]. The pathophysiological processes determining the clinical course of 
the disease depend on the viral properties and immune response pattern of the host, 
which can determine the appearance of severe lesions in various organs and tissues, such 
as the liver, heart, kidneys, and vascular endothelium. In the liver, histopathological 
changes are induced by the direct viral cytopathic effect through changes in the sinusoidal 
microvasculature and tissue immune response [5,6,7] 
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Considering that one of the immune evasion strategies triggered by YFV is the mod-
ification of the behaviour of the vascular endothelium in the liver as its central target, it is 
unexpected that only a few studies have demonstrated how the expression of adhesion 
molecules can contribute to the rolling, recruitment, migration, and construction of the 
inflammatory process in the organ. Thus, we investigated the role of selectins (E and P), 
intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-
1), and very late antigen-4 (VLA-4) in situ in the liver parenchyma of severe fatal cases of 
human YF. 

2. Methods 
2.1. Patients, samples, and diagnostic confirmation 

Liver tissue samples were collected from 26 patients. Among them, 21 fatal cases of 
human YF had positive results for quantitative reverse transcription-polymerase chain 
reaction and/or immunohistochemical assay and five patients tested negative for YFV and 
other flaviviruses circulating in Brazil and showed a preserved hepatic architecture. For 
histopathological analysis, 5 µM sections were cut from paraffin-embedded tissue sam-
ples and stained with haematoxylin and eosin. 

2.2. Ethical aspects 
The methods used in this study were in accordance with the relevant guidelines and 

regulations of the Ministry of Health Ethics Committee. Moreover, the experimental pro-
tocols used in the present study were approved by the Research Ethics Committee of the 
Evandro Chagas Institute (IEC) (decision number 2,462,701), Ananindeua, Pará, Brazil, 
and complied with the recommendations of the National Health Council No. 466/2012.  

2.3. Immunohistochemical assay 
The labelled streptavidin biotin (LSAB) detection method was used for immunostain-

ing of tissues with antibodies against E-selectin (Novus Biologicals, Centennial CO, 
USA,NBP1-40109), P-selectin (Novus Biologicals, NBP2-22046), ICAM-1 (RD Systems, 
Minneapolis, MN, USA, BBA19), VCAM-1 (Abcam Cambridge, UK, ab 134047), and VLA-
4 (Novus Biologicals, NB110-55525). For immunostaining, paraffin-embedded tissue sam-
ples were dewaxed in xylol and hydrated in ethyl alcohol at concentrations of 90%, 80%, 
and 70% in this sequence. Endogenous peroxidase was blocked using 3% hydrogen per-
oxide for 45 min. Antigenic recovery was performed using citrate buffer (pH 6.0) for 20 
min at 90 °C, and non-specific proteins were blocked using10% skimmed milk, which was 
concentrated for 30 min. The primary antibodies were diluted in 1% bovine serum albu-
min for 14 h, and then the biotinylated secondary antibody LSAB (DakoCytomation, 
Glostrup, Denmark) was added for 30 min at 37 °C, followed by streptavidin peroxidase 
(DakoCytomation) for 30 min at 37 °C. The reaction was developed using a chromogenic 
solution composed of 0.03% diaminobenzidine and 3% hydrogen peroxide, and the tissue 
sections were counterstained with Harris' haematoxylin for 1 min. Finally, the sections 
were dehydrated in an increasing ethanol series and cleared in xylene. 

2.4. Quantitative analysis and photodocumentation 
The slides prepared from the samples were analysedusing an Axio Imager Z1 micro-

scope (Zeiss, Oberkochen, Germany). Immunostaining was evaluated quantitatively by 
randomly selecting 40 fields at high magnification (400×), namely ten in the centrolobular 
zone (Z3), ten in the midzonal zone (Z2), ten in the periportal zone (Z1), and ten in the 
portal tract (PT), in both positive and negative cases. Each field was subdivided into 
10 × 10 subdivision cross-sections delimited by a grid, comprising an area of 0.0625 mm2.  

2.5. Statistical analysis 
The data obtained were stored in an electronic spreadsheet and analysed using 

GraphPad Prismsoftware (GraphPad Software Inc., San Diego,CA, USA). The numerical 
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variables were expressed as the mean, median, standard deviation, and variance. One-
way analysis of variance and Tukey tests were applied, and significance was set at p ≤ 
0.05. 

3. Results 
Steatosis (macro-and microvesicular) was one of the main hepatic changes observed 

and was present in the three lobular areas, predominantly in zone 2 (Z2). Councilman 
bodies, as well as lytic and coagulative necrosis, were recurrent in the three zones, most 
frequently in Z2. In addition, the inflammatory infiltrate was found in large quantities in 
the portal tract (PT) and in a smaller amount in the acini, with intensity disproportionate 
to the degree of impairment of the liver parenchyma, being more intense in Z2. Addition-
ally, changes in the sinusoidal endothelium were observed, especially in Z2, when com-
pared to the hepatic acinus zones (Figure 1A). 

 
Figure 1. Histopathological analysis of the acini zones in the liver of fatal yellow fever human cases 
and normal controls (flavivirus negative using quantitative reverse transcription-polymerase chain 
reaction and/or immunohistochemistry). Z3, Z2, Z1, and PT in the hepatic parenchyma of fatal cases 
affected by YFV and control. (A) Area of necrosis with haemorrhagic foci in A-Z3, A-Z2, A-Z1 (black 
circles). Steatosis (yellow arrow) in Z2. Massive presence of inflammatory infiltrates in the PT (black 
circle). (B) Preservation of the hepatic parenchyma (Z3, Z2, Z1, and PT) in control cases (red circles). 
Z3: Centrolobular zone; Z2: Midzonal zone; Z1: Periportal zone; PT: Portal tract; p ≤ 0.0001. 400×, 
scale bar (20µm). 

3.1. Analysis of endothelial immunomarkers 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 December 2021                   doi:10.20944/preprints202112.0406.v1

https://doi.org/10.20944/preprints202112.0406.v1


 

 

The major endothelial markers E-selectin, P-selectin, ICAM-1, VCAM-1, and VLA-4 
were expressed in all human cases of fatal YF, and their quantitative analysis showed sig-
nificant difference when compared to the control samples. Furthermore, it was observed 
that in the hepatic acinus, Z2 predominated in the expression of adhesion molecules that 
accompany PT (Table 1) (Figure 2A–E). It is worth noting that in the hepatic acinus, im-
munomarking of endothelial markers was recurrent in endothelial cells and was massive 
in the PT in the presence of inflammatory infiltrate in positive cases compared to the con-
trol samples (Figure 3A–E). 

Table 1. Quantitative analysis of endothelial markers in the hepatic parenchyma (Z3, Z2, Z1, and 
PT) in fatal cases of humans affected by yellow fever virus (YFV). 

Markers Z3 
Tukey 

(p≤0.05) Z2 
Tukey 

(p≤0.05) Z1 
Tukey 

(p≤0.05) PT 
Tukey 
(p≤0.05) 

ANOVA 
(p≤0.05) 

E-Selectin 
 

Control 
 

86,93 ± 8,791 
 

27,84 ± 3,683 
*** 

90,13 ± 17,91 
 

30,40 ± 7,756 
*** 

92,65 ± 9,314 
 

27,52 ± 2,086 
*** 

133,0 ± 9,828 
 

28,80 ± 6,197 
*** *** 

P-Selectin 
 

Control 

80,15 ± 11,15 
 

28,16 ± 3,505 
*** 

97,07 ± 10,07 
 

31,68 ± 6,238 
*** 

89,22 ± 8,110 
 

27,20 ± 5,657 
*** 

136,8 ± 8,960 
 

29,76 ± 9,772 
*** *** 

 
ICAM-1 

 
Control 

84,95 ± 15,43 
 

26,56 ± 5,378 
*** 

81,30 ± 12,54 
 

28,16 ± 2,147 
*** 

81,30 ± 12,54 
 

34,56 ± 11,40 
*** 

123,3 ± 12,64 
 

36,48 ± 14,59 
*** *** 

 
VCAM-1 

 
Control 

83,98 ± 15,24 
 

25,28 ± 7,102 
*** 

84,95 ± 8,094 
 

19,52 ± 4,141 
*** 

87,92 ± 13,36 
 

28,16 ± 6,155 
*** 

148,5 ± 21,50 
 

33,92 ± 11,78 
*** *** 

 
VLA-4 

 
Control 

79,77 ± 9,749 
 

24,96 ± 5,258 
*** 

96,84 ± 11,09 
 

29,76 ± 5,611 
*** 

84,42 ± 9,437 
 

24,64 ± 3,318 
*** 

129,5 ± 28,83 
 

32,64 ± 3,119 
*** *** 

Z3: Centrolobular zone; Z2: Midzonal zone; Z1: Periportal zone; PT: Portal tract; *** p ≤ 0.0001. 
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Figure 2. Graphics for immunohistochemical analysis positive for (A) E-selectin, (B) P-selectin, (C) intercellular adhesion 
molecule-1 (ICAM-1), (D) vascular cell adhesion molecule-1 (VCAM-1), and (E) very late antigen-4 (VLA-4) in zones Z3, 
Z2, Z1, and PT in the hepatic parenchyma of yellow fever fatal cases and in yellow fever negative controls. Z3: Centrol-
obular zone; Z2: Midzonal zone; Z1: Periportal zone; PT: Portal tract; *** p ≤ 0.0001. 
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Figure 3. Immunohistochemical analysis positive for E-selectin, P-selectin, intercellular adhesion molecule-1 (ICAM-1), 
vascular cell adhesion molecule-1 (VCAM-1), and very late antigen-4 (VLA-4) in zones Z3, Z2, Z1, and PT in the hepatic 
parenchyma of yellow fever fatal cases and in yellow fever negative controls. Immunostaining for E-selectin (A), P-selectin 
(B), ICAM-1 (C), VCAM-1 (D), and VLA-4 (E) in the endothelial cells (black circle) of -Z3, -Z2, -Z1 and inflammatory 
infiltrate (PT) (black circle). Z3: Centrolobular zone; Z2: Midzonal zone; Z1: Periportal zone; PT: Portal tract; p ≤ 0.0001. In 
negative controls (NC): Light labelling for E-selectin and preservation of the PT (yellow circle), and absence of labelling 
and preservation of the PT for P-selectin, ICAM-1, VCAM-1, and VLA-4 (yellow circles). 400×, scale bar (20µm). 

4. Discussion 
The immunological mechanisms related to the evolution of YF in humans are not yet 

fully understood [6]. It is known that vascular permeability in severe YF is caused by the 
interaction of several factors, including the action of inflammatory cytokines and the ex-
pression of endothelial markers [6]. The investigation of histopathological changes in the 
fatal cases of human YF analysed in our study reinforces the fact that in the liver paren-
chyma, tissue damage is accentuated, where the mechanisms of cell damage are consistent 
with the phenomenon of cell death associated with necrosis and apoptosis progression 
and are predominant in the midzonal zone (Z2). In this context, the response induced by 
cytokines, such as tumour necrosis factor-alpha (TNF-α), interferon-gamma, transforming 
growth factor-beta (TGF-β), Fas ligand, as well as CD4 T and CD8 T lymphocytes, natural 
killer cells, macrophages, and neutrophils are fundamental for triggering this process 
[8,9]. In addition, a striking feature of the fatal cases is the presence of an inflammatory 
infiltrate, where the vascular endothelium contributes significantly to the recruitment of 
defence cells in the hepatic acinus, mainly in the PT. This was evidenced by the analysis 
of the expression of endothelial markers involved in the study. 

In the case of selectins (E and P), ICAM-1, VCAM-1, and VLA-4, it is important to 
highlight that in previous studies with other major flaviviruses associated with haemor-
rhagic diseases, such as dengue viruses, the expression of the markers correlates positively 
with the activity of interleukin 1-alpha, TNF-α, and nuclear factor kappa-light-chain-en-
hancer of activated B cells [10,11].The activation of the vascular endothelium mechanism 
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causes leukocyte recruitment to sites of inflammation to establish interactions among leu-
kocytes, platelets, and endothelial cells. 

In this scenario, to inhibit the viral replication process, a varied set of defence cells 
generates a strong response characterised as a cytokine storm that causes tissue damage 
and lytic or coagulative necrosis. Interestingly, the presence of leukocytes in the damaged 
environment aggravates tissue destruction, considering that the extravasation of the en-
zymatic content released by necrotic cells potentiates the inflammatory response. In the 
immunopathogenesis of haemorrhagic YF, the type 1 T helper profile is the main coordi-
nator of the pro-inflammatory response in VCAM-1, which is amajorregulator of leuko-
cyte adhesion and transendothelial migration through interaction with alpha-4 beta-1 in-
tegrin (VLA-4) [9,11,12]. 

In severe haemorrhagic diathesis, as observed in YF, an extremely harmful environ-
ment is built with the marked presence of an altered (lesion in the) vascular endothelium, 
which plays a role in adhesion molecules, cytokine storm, and the intense recruitment of 
defence cells triggered in the organ in response to viral aggression. Taken together, with 
the intense and severe in situ damage, our results strongly suggest the occurrence of a 
massive hepatic propagation injury that culminates in consumptive coagulopathy and 
haemorrhagic manifestations classic to the fatal outcome of the disease [13]. 
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