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Alphavirus chikungunya virus (CHIKV) is an arbovirus, belonging to the Togaviridae 
family. The disease caused by CHIKV generally evolves with spontaneous resolution 
in a few weeks; however, progression to a chronic disease may occur. The most 
common symptoms are fever, myalgia, and arthralgia; however, skin manifestations 
may occur in 40 to 80% of infected individuals. Morbilliform and maculopapular 
erythematous eruptions, vesiculobullous lesions, generalized erythema, maculopapular 
eruption and skin peeling, hypermelanosis, painful oral lesions, and urticarial lesions 
have been reported. Usually, these manifestations disappear, but they can become 
sequelae. Since the skin is the first line of defense against CHIKV infection, in this study, 
we aimed to investigate the immunohistopathological aspects of the skin of infected 
individuals during the acute phase of the disease by performing histopathological and 
ultrastructural analysis, detection and quantification of the viral genome, detection 
of viral antigen and immune cells, and cytokines/chemokines’ characterization. 
The main histopathological findings were perivascular and inflammatory infiltrates, 
blood capillary ectasia, and interstitial edema. The immunohistochemistry revealed 
CHIKV antigen in the epidermis, endothelial cells, fibroblasts, and macrophages in 
the reticular and papillary dermis; inflammatory cells infiltrate; arrector pili muscle; 
sweat and sebaceous glands; and hair follicle. Moreover, inflammatory infiltrates were 
composed of lymphocytes (CD4+ and CD8+) and macrophages (CD68+) in the dermis 
and perivascular infiltrate. TNF-α, IL-6, RANTES, and VEGFR2 were expressed in the 
epidermis, blood vessels, sweat glands, and migrating cells. Loss of contact among 
adjacent keratinocytes, epidermis presenting necrotic cells, and fibroblasts with dilated 
cisternae in the endoplasmic reticulum and mitochondria with few cristae was observed 
by transmission electron microscopy. Studies involving skin immunopathogenesis 
during CHIKV infection are still scarce; therefore, the findings presented here can 
contribute to a better understanding of the disease immunopathogenesis.
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1 Introduction

Alphavirus chikungunya virus (CHIKV) is an arbovirus 
belonging to the Togaviridae family, mainly transmitted through 
the bite of infected female Aedes mosquitoes, although vertical 
transmission and blood transfusion infections have also been 
reported. In general, Chikungunya fever evolves to a spontaneous 
resolution within a few weeks; however, in some cases, evolution 
to a chronic and severe disease that can last months or years may 
occur (Gasque et al., 2016; Ojeda Rodriguez et al., 2023). In the 
acute phase of the disease, the most common symptoms are fever, 
polyarthralgia, and rash, but headache, fatigue, rash, nausea, 
vomiting, conjunctivitis, and myalgia may occur (Simon et  al., 
2008). As dermal changes, morbilliform and maculopapular 
eruptions of erythematous lesions on the trunk, face, and 
extremities were quite common findings, with occurrence in 20 to 
80% of those infected (Bandyopadhyay and Ghosh, 2010; Kumar 
et al., 2017; Rueda et al., 2018; Spoto et al., 2018; Tini and Rezza, 
2018). The rash can be extensive, affecting more than 90% of the 
skin (Burt et  al., 2017). Vesiculobullous lesions may occur in 
adults; however, they are more common in older patients (Robin 
et al., 2010; Singh et al., 2014; Farias et al., 2019), including those 
cases of vertical transmission (Torres et  al., 2016; Jebain et  al., 
2020). In infants, generalized erythema, maculopapular rash, and 
peeling of the skin are quite observed (Valamparampil et al., 2009). 
In addition to these, hypermelanosis, oral lesions with the 
occurrence of pain and urticarial lesions, severe purpuric lesions, 
and necrosis in the nasal region have already been reported 
(Bandyopadhyay and Ghosh, 2010; Casais et al., 2020; Sharif et al., 
2021). Mostly, these cutaneous manifestations disappear; however, 
in some cases, they can reappear weeks after the acute phase and 
persist for months. Moreover, those can even become sequelae, 
such as reversible post-inflammatory hypopigmentation 
(Bandyopadhyay and Ghosh, 2010; Kumar et al., 2017). Regular 
application of emollients is necessary to relieve the symptoms 
(Bandyopadhyay and Ghosh, 2010). Some patients who became 
infected with CHIKV and were slightly affected in the long term 
by the disease reported a significantly higher prevalence of skin 
diseases (Doran et al., 2022). It appears that CHIKV infection can 
exacerbate existing dermatoses, such as psoriasis, and favor the 
unmasking of undiagnosed leprosy (Inamadar et  al., 2008). 
Epidermolysis bullosa is considered a complication of CHIKV 
infection by the Brazilian Ministry of Health, which can lead to 
death (Ministério-da-Saúde, 2017). Therefore, this study aimed to 
investigate the histopathological and immunological aspects of 
acute CHIKV infection in the skin of nine patients with cutaneous 
manifestation during an epidemic in Campos dos Goytacazes, Rio 
de Janeiro (RJ), Brazil, in 2019.

2 Materials and methods

2.1 Ethical statement

The study was approved by the Ethics Committee of the Oswaldo 
Cruz Foundation (CAEE: 92728218.5.0000.5248). All the patients 
authorized the publication of the results, by providing written 
informed consent.

2.2 Case descriptions

The skin of nine patients with cutaneous manifestations during 
the Chikungunya epidemic that occurred in Campos dos Goytacazes, 
Rio de Janeiro (RJ), in 2019, was selected for investigation. Patients 
were assisted at the Regional Center for Infectious Diseases of the 
Plantadores de Cana Hospital. In that year, the disease incidence was 
374.05 cases per 100,000 inhabitants in RJ (CGVS, 2019). Some 
characteristics of the study population are described below, and the 
frequencies are shown in Supplementary Table S1.

 - Case 1: Female, without comorbidity reported and 27 years old, 
presenting symptoms such as headache and fever. The biopsy was 
performed 1 day after the onset of symptoms. This patient 
required hospitalization and had negative results for 
bacterial infection.

 - Case 2: Female, hypertensive, and 59 years old reporting 
anorexia, arthralgia, headache, diarrhea, rash, fever, pruritus, 
dysgeusia, nausea, and lymphadenomegaly. Biopsy was 
performed 8 days after the onset of symptoms. This patient 
required hospitalization and had negative results for 
bacterial infection.

 - Case 3: Pregnant, 32 years old, reporting symptoms such as fever, 
headache, nausea, arthralgia, edema, rash, pruritus, and 
lymphedema. The biopsy was performed 10 days after the onset 
of symptoms. This patient required hospitalization and had 
negative results for bacterial infection.

 - Case 4: Female, hypertensive, and 52 years old reporting 
arthralgia, diarrhea, rash, fever, pruritus, vomiting, dysgeusia, 
and edema. Biopsy was performed 9 days after the onset 
of symptoms.

 - Case 5: Female, age unavailable, without comorbidity reported, 
presenting headache, arthralgia, and myalgia.

 - Case 6: Female, without comorbidity reported, and 47 years old, 
reporting headache, polyarthralgia, and fever. The biopsy was 
performed 12 days after the onset of symptoms.

 - Case 7: Male, without comorbidity reported, 26 years old 
presenting symptoms such as arthralgia, anorexia, diarrhea, rash, 
fever, pruritus, vomiting, dysgeusia, and paresthesia. Biopsy was 
performed 7 days after the onset of symptoms.

 - Case 8: Female, without comorbidity reported, 50 years old 
presenting anorexia, arthralgia, diarrhea, rash, fever, pruritus, 
vomiting, dysgeusia, paresthesia, edema, and nausea. Biopsy was 
performed 7 days after the onset of symptoms.

 - Case 9: Female hypertensive, osteoarthritis, and depression, 
59 years old reporting myalgia, headache, arthralgia, and fever. 
The biopsy was performed 10 days after the onset of symptoms.

2.3 Sample collection

Patients with skin manifestations and a positive anti-CHIKV IgM 
result by lateral flow immunochromatographic test performed at the 
health unit had blood collected for confirmation by serological testing. 
Skin biopsies (6 mm punch) were collected at the site of the lesion or 
skin manifestation depending on each patient. The skin samples were 
fixed in 10% buffered formalin and glutaraldehyde and also stored at 
−20°C without fixation. Health professionals at Plantadores de Cana 
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Hospital, located in Campos dos Goytacazes, Rio de Janeiro (RJ), were 
responsible for patient care and serological diagnosis. Three samples 
of skin from healthy donors undergoing bariatric surgery were 
selected as controls.

2.4 Serological diagnosis

The anti-CHIKV IgM ELISA kit (Euroimmun, Lubeck, Germany) 
was used to detect specific anti-CHIKV IgM antibodies according to 
the manufacturer’s instructions.

2.5 Viral RNA extraction and RT-qPCR for 
chikungunya virus detection in skin 
samples

The PureLink™ FFPE RNA Isolation Kit (Invitrogen, Carlsbad, 
California, USA) was used to extract RNA from formalin-fixed 
paraffin-embedded (FFPE) skin samples, following the manufacturer’s 
instructions. RNA extraction from frozen skin samples was performed 
by using the IndiSpin® Pathogen Kit (Indical Bioscience, Leipzig, 
Germany), and CHIKV RNA was detected by using the RT-qPCR 
one-step Kit TaqMan Fast Virus 1 Step (Applied Biosystems, Foster 
City, California, USA), according to the protocol described by 
Lanciotti et al. (2007), using the ABI 7500 System (Applied Biosystems, 
Foster City, California, USA).

2.6 Histopathological analysis

Skin samples fixed in 10% buffered formalin were submitted to 
an automatic tissue histological processor, where samples were 
briefly dehydrated in ethanol, clarified in xylene, and impregnated 
with paraffin. Next, paraffin embedding was performed to create 
paraffin blocks, containing the skin sample, and further sectioned 
using a microtome into 5 μm sections on glass histological slides. To 
perform histopathological analysis, the slides with tissue sections 
were incubated for 90 min at 60°C for paraffin melting. After 
incubation, skin tissues were deparaffinized in xylene and rehydrated 
with decreasing concentrations of ethanol (100 to 70%) up to the 
addition of water. The slides were subsequently stained with 
hematoxylin and eosin (H.E.) and visualized by light microscopy 
(Olympus BX 53F, Japan). Digital images of histological features 
were obtained using a coupled Olympus DP72 camera and 
Image-Pro Plus software version 4.5. All pictures were assembled 
using Adobe Photoshop CS6.

2.7 Immunohistochemistry analysis

For immunohistochemistry, the paraffin-embedded tissues 
were cut in 4 μm thick. Deparaffinization and rehydration were 
performed as previously described. Aiming to re-expose the 
antigenic sites, masked due to fixation with formalin, antigen 
retrieval was performed by heating the tissue in citrate buffer 
solution (pH 6.0). Blocking endogenous peroxidase was 
performed with 3% hydrogen peroxide in methanol for 10 min 

and washing steps with Tris–HCl (pH 7.4). Protein Blocker 
solution (ScyTek, Logan, Utah, USA) was used in skin tissues for 
10 min to reduce non-specific binding. After blocking, tissue 
samples were incubated overnight at 4°C with a polyclonal anti-
CHIKV mouse hyperimmune ascites fluid, diluted 1:700 (kindly 
provided by Dr. Livia Martins, from the Section of Arbovirology 
and Hemorrhagic Fevers, Instituto Evandro Chagas, Pará); and 
anti-human monoclonal antibodies against CD4 (Spring 
Bioscience, Pleasanton, CA, USA, diluted 1:100), CD8 (Santa Cruz 
Biotechnology, Dallas, Texas, USA, diluted 1:100), and CD68 
(Santa Cruz Biotechnology, Dallas, Texas, USA, diluted 1:100); 
TNF-α (Santa Cruz Biotechnology, Dallas, Texas, USA, diluted 
1:100); IL-6 (Santa Cruz Biotechnology, Dallas, Texas, USA, 
diluted 1:100); RANTES (Abcam, Cambridge, United Kingdom, 
diluted 1:200); and VEGFR2 (Spring Bioscience, Pleasanton, CA, 
USA, diluted 1:200). On the next day, tissue samples were 
incubated with two-step polymer immunohistoprobe Plus 
(Redwood, California, USA) and amplifier for mouse and rabbit 
IgG for 15 min, and HRP polymer detector at room temperature 
for 15 min. After incubation, diaminobenzidine (ScyTek, Logan, 
Utah, USA) was added. Counterstaining was performed with 
Harris’ hematoxylin solution (Dako, Palo Alto, California, USA), 
and slide visualization was performed using light microscopy 
(Olympus BX 53F, Japan). The digital images of the detections 
carried out were taken using a coupled Olympus DP72 camera and 
the Image-Pro Plus software version 7.

2.8 Quantification analysis

For quantification analysis for each antibody, images from 20 
random fields (controls and cases) were acquired in an Olympus BX 
53F microscope with a coupled Olympus DP72 camera, using the 
software Image Pro version 7. For CD4, CD8, and CD68, the 
acquisition was at 400x magnification, and the result was expressed in 
the number of positive cells/random fields. For TNF-α, IL-6, RANTES, 
and VEGFR2, at 1000x magnification, the result was expressed in % 
of the positive area, using Image J software.

2.9 Electron microscopy analysis

The skin tissue samples of two cases were fixed with 2.5% 
glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.2) and post-
fixed with 1% buffered osmium tetroxide. The dehydration was 
performed using increasing concentrations of acetone (30, 50, 70, 90, 
and 100%) and embedded in EPON at 60°C for 3 days. Ultrathin 
sections (60 nm) were contrasted with uranyl acetate and lead citrate 
before visualization on a JEOL 1001 transmission electron microscope 
(Jeol Ltd., Tokyo, Japan).

2.10 Statistical analysis

Data were analyzed with GraphPad Prism software v 6.0 
(GraphPad Software, San Diego, California, USA). The statistical 
difference between cases and controls was performed by an unpaired 
t-test with a significant level of 0.05 (p < 0.05).
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3 Results

3.1 Cutaneous manifestations in the acute 
phase of chikungunya infection

Cutaneous manifestations observed included urticated plaques in 
the abdominal region (Figure 1A), vesiculobullous lesions in the right 
lower limb (Figure 1B), symmetric vesiculobullous lesions sometimes 
content hemorrhagic or crystalline (Figure 1C), erythema on the back 
of the neck (Figure 1D), papular erythematous rash (Figures 1E,F), 
and vesicopustular lesions on an erythematous and scaly base 
(Figure 1G). The clinical cutaneous manifestations are described in 
Supplementary Table S2.

3.2 The skin of patients with chikungunya 
in the acute phase showed 
histopathological changes

The nine samples positive for CHIKV antigen by 
immunohistochemistry were analyzed for histopathological 
changes. In the control skin from a non-infected CHIKV patient, 
no changes in the dermis (papillary and reticular) and epidermis 
(basal, spinous, granulosa, and corneal layer) were observed 
(Figure 2A). However, the skin from patients presenting acute 

CHIKV infection showed acanthosis, characterized by thickening 
of the epidermis, perivascular infiltrate, and endothelial swelling 
(Figure 2B); appearance of a blister in the epidermal layer and 
below the corneal layer (subcorneal intraepidermal) with content 
of cellular debris and fibrin; in addition to the epidermis with the 
presence of keratinocytes with eosinophilic cytoplasm, 
characteristic of apoptosis (Figure 2C); blister below the epidermis 
(subepidermal) containing inflammatory infiltrate and light fibrin 
(Figure 2D); contact dermatitis characterized by an inflammatory 
infiltrate in the region of the papillary dermis going toward the 
epidermis, in addition to the vacuolization of the keratinocyte 
cytoplasm in the basal layer, called basal vacuolization (Figure 2E); 
presence of interstitial edema between the collagen fibers of the 
reticular dermis, inflammatory infiltrate in the papillary and 
reticular dermis (Figure 2F); inflammatory infiltrate close to the 
erector pilosis muscle (Figure 2G). The histopathological findings 
are described in Supplementary Table S3.

3.3 CHIKV viral RNA and antigen were 
detected in skin biopsies

To detect the CHIKV viral genome, frozen (n = 3) and 
paraffin-embedded (n = 3) skin samples were submitted to viral 
RNA extraction and analyzed by RT-qPCR for molecular 
detection. Two of the three frozen skins were positive (2/3; 66.7%), 
while the three paraffin-fixed skins were positive for CHIKV (3/3: 
100%) (Table 1).

By immunohistochemistry, CHIKV antigen was detected 
mainly in the epidermis, endothelial cells of blood vessels of the 
reticular and papillary dermis, perivascular inflammatory 
infiltrates, cells in the dermis, with a morphology such as 
fibroblasts and macrophages, arrector pili muscle, and sweat and 
sebaceous glands, in addition to the hair follicle (Figures 3D–M). 
As expected, CHIKV antigen was not detected in control samples 
(Figures 3A–C).

3.4 Characterization of cell types in 
CHIKV-infected skin biopsies

The cell profile in the CHIKV-infected skin was characterized by 
immunohistochemistry using anti-CD4+, anti-CD8+, and CD68+ 
cells’ antibodies. Representative images of control (Figures 4A,E,H) 
and CHIKV-infected skin are shown below (Figures 4B,C,F,I,J). To 
confirm whether there was a difference in the number of positive cells 
between the control and the case of the following cells, quantification 
was performed (Figures 4D,G,K).

3.5 Cytokines and chemokines expressions 
in CHIKV-infected skin biopsies

To describe the inflammatory response profile in CHIKV-infected 
skin biopsies, we  evaluated the expression of pro-inflammatory 
cytokines, such as TNF-α and IL-6. The first one was expressed mainly 
in keratinocytes of the epidermis and endothelial cells of blood vessels 
(Figure  5B), while the latter was also expressed in sweat glands 

FIGURE 1

Cutaneous clinical manifestations of patients during the acute phase 
of CHIKV infections: (A) Case 2: urticaria; (B) Case 3: vesiculobullous 
lesion; (C) Case 4: minor vesiculobullous lesions; (D) Case 4: 
erythema; (E) Case 7; and (F) Case 8: diffuse papular erythematous 
rash; and (G) Case 9: vesiculopustular lesions, erythema, and scaling.
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(Figure 5F). In control, IL-6 expression was more evident in the nuclei 
of epidermal cells (Figure 5D) and weakly in blood vessels (Figure 5E). 
RANTES is an important inflammatory mediator and plays a role in 
immune cells’ recruitment to the site of infection. Its expression was 
observed in the epidermis and blood vessels surrounded by many 
inflammatory cells (Figure 5J) and in sweat glands with swollen cells 
(Figure 5I) compared to the control (Figure 5H). VEGFR2—vascular 

endothelial growth factor receptor 2—was detected mainly in blood 
vessels and fibroblasts and less in the epidermis (Figure 5K). RANTES 
and VEGFR2 play a significant role in regulating vascular permeability. 
Control skins (Figures 5A,D,E,H,I,M) showed no or weak expression 
of the different markers. Statistically significant differences were 
observed in TNF-α (Figure  5C), IL-6 (Figure  5G), and RANTES 
(Figure 5L) expressions but not in VEGFR2 (Figure 5O).

FIGURE 2

Histopathological changes observed by hematoxylin and eosin staining: (A) Control, non-infected skin with regular appearance, stratum corneum (SC), 
epidermis (EP), papillary dermis (PD), and reticular dermis (RD) | CHIKV-infected skins: (B) acanthosis (Ac), perivascular infiltrate (➤), and endothelial 
swelling (Es) of blood vessels (Vs); (C) subcorneal intraepidermal blister (⋆) containing cellular debris (rectangle) and fibrin (Fb). Epidermis (EP) with 
apoptotic keratinocyte (⇜); (D) subepidermal blister (⁕) containing inflammatory infiltrate (➤) and fibrin (Fb); (E) inflammatory infiltrate (➤) in the 
papillary dermis (PD) and basal vacuolation (circle); (F) interstitial edema (IE), inflammatory infiltrate (➤) in the papillary (PD) and reticular dermis (RD); 
(G) inflammatory infiltrate (➤) near the arrector pili muscle (APM).
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3.6 Ultrastructural analysis of skin biopsies 
from CHIKV-infected patients

The ultrastructural analysis revealed keratinocytes in the spinous 
layer of the epidermis with the presence of keratohyalin granules; 
however, there was a loss of contact with adjacent keratinocytes since 
there are regions absent of tonofilaments and desmosomes 
(Figure 6A). The regions of the epidermis present a necrotic cell with 
a pyknotic nucleus, and above are cells of the basal layer with 
mitochondria and absent mitochondrial cristae (Figure  6B). In 
fibroblasts, the endoplasmic reticulum was presented with dilated 
cisternae and mitochondria with few cristae (Figure 6C). There was 
also the presence of dendritic cells with few cristae in mitochondria 
and intense production of vesicles (Figure  6D). The presence of 
lymphocytes infiltrated in the dermis between collagen fibers was 
observed (Figure 6E), in addition to monocytes recently infiltrated in 
the dermis, not yet differentiated into macrophages (Figure 6F).

4 Discussion

CHIKV is considered an arbovirus, transmitted mainly through 
Aedes mosquito bites; hence the skin is the gateway to infection. The 
virus is known to infect and replicate resident skin cells (skin 
fibroblasts and dermal macrophages). Next, the virus disseminates to 
draining lymph nodes and finally is released into the blood circulation 
to reach several organs, such as the spleen, liver, brain, and muscles 
(Lum and Ng, 2015). Intense fever and arthralgia are the most evident 
symptoms of Chikungunya fever; however, dermatological 
manifestations are also reported in this arboviral infection. Most 
published studies on CHIKV in the skin are from India (Inamadar 
et al., 2008; Mavalankar et al., 2007; Passi et al., 2008; Riyaz et al., 
2010), which suggest that there is a broad spectrum of cutaneous and 
mucous manifestations related to the disease. We  must take into 
account the genetic diversity of human populations as well as consider 
the skin phototype, which is higher in Indian patients. Nevertheless, 
it was also reported on La Reunion Island (Borgherini et al., 2007), 
Thailand (Benjamanukul et al., 2022), and Brazil (Turtos et al., 2019).

The cases analyzed here occurred during a Chikungunya epidemic 
in Campos dos Goytacazes, located in the North Fluminense region 
of the state of Rio de Janeiro, Brazil. Most of the cases (8/9) were from 
female patients. According to Salje et al. (2016), female patients are 1.5 
times more likely to become infected with CHIKV than male patients. 
One of the reasons is that women spend more time at home (in and 
around) compared to men since Aedes aegypti is known as a domestic 
mosquito (Salje et al., 2016; Silva et al., 2023). A systematic review 

published in 2023 in the Acta Tropica Journal reported that most cases 
of Chikungunya occur in female patients (ranging from 7.5 to 100.0%) 
(Silva et al., 2023). In our study, we found more female cases, such as 
Riyaz et al. (2010). However, in the literature, it is possible to find 
studies with the predomination of males (Inamadar et  al., 2008; 
Valamparampil et al., 2009) but also with both sexes equally affected 
in another study (Bandyopadhyay and Ghosh, 2010). The individuals 
presented erythema, urticated and scaly plaques, and vesiculobullous/
vesicopustular lesions. After the lesion biopsy during the acute phase 
(the samples were collected until 12 days after the onset of symptoms), 
histology was analyzed as evidence of alterations. Some skin biopsies 
evidenced acanthosis, which is characterized by an increased thickness 
of the epidermis due to hyperproliferation of keratinocytes. Disturbed 
regulation of epidermal proliferation may be caused by mitogenic 
stimuli such as growth factors and cytokines (Niehues et al., 2022). All 
nine biopsies showed inflammatory infiltrates around blood vessels 
and permeating the dermis, also seen in dengue (Thomas et al., 2010) 
and Chikungunya infections (Riyaz et al., 2010; Sharp et al., 2021). 
Acanthosis, vacuolar degeneration of the basal cell layer, presence of 
necrotic keratinocytes, and inflammatory infiltrate were observed also 
in Zika infection and seem to be due to a direct viral cytopathic effect 
(Paniz-Mondolfi et  al., 2019). Vesiculobullous lesions were also 
evidenced in a pregnant woman (Benjamanukul et  al., 2022), a 
48-year-old CHIKV-infected man (Pakran et al., 2011), and small 
infants (Robin et al., 2010). Dermal edema was also reported during 
CHIKV infections (Kumar et al., 2017).

CHIKV infects different cells, including epithelial cells, 
endothelial cells, fibroblasts, and macrophages (da Cunha et  al., 
2017). Epithelial cells and fibroblasts are among the cells most 
infected with CHIKV (Tang, 2012). In mouse models, it has been 
demonstrated that CHIKV has tropism to cells of the deep dermis 
(Couderc et al., 2008) and dermal fibroblasts (Young et al., 2019). In 
in vitro studies, CHIKV was able to infect culture explants of freshly 
biopsied human skin (Bryden, 2020) and human dermal fibroblasts 
(Ekchariyawat et  al., 2015). In human skin biopsies, molecular 
analysis has evidenced the presence of CHIKV RNA (Benjamanukul 
et  al., 2022), and CHIKV antigen was detected by 
immunohistochemistry in eight of nine cases, with and without a rash 
(Sharp et al., 2021). In our study, in five out of six cases tested, the 
presence of CHIKV RNA was observed. RT-qPCR was not performed 
in all skin specimens due to insufficient material or because tissue 
collection was not performed. However, we detected CHIKV antigen 
in all nine cases, mainly diffused in the epidermis and endothelial 
cells from blood vessels from the dermis and dermal cells, confirming 
the susceptibility of these cells to infection. In addition, around blood 
vessels, cells composing the inflammatory infiltrate were also positive, 
together with sebaceous glands, sweat glands, arrector pili muscle, 

TABLE 1 CHIKV RNA detection in skin biopsies by RT-qPCR.

Case Material RT-qPCR Average copies/mL

1 Paraffin Positive 1.13E+04

2 Frozen Positive 3.90E+03

3 Paraffin Positive 8.54E+02

4 Frozen Positive 2.28E+04

5 Paraffin Positive 3.56E+03

6 Frozen Negative -
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and hair follicles. Moreover, the susceptibility of all these cells to 
CHIKV may facilitate the spread of the virus.

In addition to being a physical barrier, the skin is considered an 
immune organ with several functions (Chu, 2012; Santoro and Boyd, 
2021); therefore, when a pathogen enters the skin, an immune 

response against it is elicited, and it is orchestrated by different cell 
types, such as keratinocytes, melanocytes, and dermal fibroblasts, in 
addition to immune cells, such as mast cells, macrophages, and 
lymphocytes. Together, these cells contribute to expressing cytokines 
and chemokines that play a vital role in the pathogenesis of cutaneous 

FIGURE 3

Detection of CHIKV viral antigen in skin biopsy by immunohistochemistry: Control skin without detection of CHIKV antigen (A–C). Skins with CHIKV 
antigen detection in: (D) Case 1 - epidermis (EP) and blood vessels (Vs) in the reticular dermis (RD); (E) Case 2 - epidermis (EP) and blood vessels (Vs) in 
the papillary (PD) and reticular dermis (RD), perivascular infiltrates and fibroblasts (Fi), and other cells (➞) running through the dermis; (F) Case 3 - 
blood vessels (Vs) and cells (➞) running through the dermis; (G) Case 4 - blood vessels (Vs) in the reticular dermis (RD); (H) Case 6 - epidermis (EP) and 
blood vessels (Vs), perivascular inflammatory infiltrate (➤), and fibroblasts (Fi); (I) Case 9 - epidermis (EP) and blood vessels (Vs); (J,K) Case 7 - 
sebaceous glands (SbG), arrector pili muscle (APM), blood vessels (Vs), and hair follicle (HF); (L) Case 8 - sweat glands (SwG); (M) ICS - blood vessels 
(Vs).
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disorders since they regulate immunity and inflammation. Cytokine 
and chemokine expression is important to maintain skin homeostasis; 
however, any imbalance may be detrimental to the resolution of the 
infection (Hänel et al., 2013; Jiang et al., 2020).

Areas with inflammatory infiltrates of the biopsy skin were 
characterized by detecting lymphocytes (CD4+ and CD8+) and 
macrophages (CD68+) cells. These cells were preferentially found 
in the perivascular areas of the dermis (Kortekaas Krohn et al., 
2022). No significant differences were observed between cases and 
controls for the CD4+ cells but for CD8+ T cells, which can perform 
a cytotoxic function or act in the secretion of cytokines that will 
also activate macrophages (Al Moussawy and Abdelsamed, 2022) 
and seem to be higher during the acute phase (Wauquier et al., 
2011). CHIKV-infected skin exhibited an increased number of 
macrophages, which are responsible for phagocytosis to destroy 
the pathogen and avoid its replication (Flannagan et al., 2015). 

We  found expression of pro-inflammatory molecules, such as 
TNF-α and IL-6, mainly in the epidermis, blood vessels, and cells 
of inflammatory infiltrates. These two were expressed in the 
Chikungunya cases group with a statistically significant difference 
when compared to skin controls without infection. TNF-α is the 
main cytokine regulator in inflammatory diseases, expressed after 
skin injuries (Banno et al., 2004) and associated with increased 
endothelial permeability and edema (Royall et al., 1989), while 
IL-6, which is known as a biomarker associated with severe 
Chikungunya fever (Ng et  al., 2009), is also overexpressed in 
epidermal layers in cases of barrier disruption of the skin (Bonifati 
et al., 1994; Hänel et al., 2013), which is commonly observed in 
psoriasis patients (Johnson et al., 2020). In addition, this cytokine 
also plays a role in keratinocyte proliferation and leukocyte 
infiltration (Lin et al., 2003), corroborating our histopathological 
findings. Inflammatory response in the skin is important in 

FIGURE 4

Detection of CD4+, CD8+, and CD68+ cells: Control skins with detection of (A) CD4+, (E) CD8+, and (H) CD68+ cells. Skins of patients infected with 
CHIKV: (B,C) CD4+ in blood vessels (Vs) in reticular dermis (RD) and in areas of inflammatory infiltrate (➤); (F) CD8+ in reticular and papillary dermis 
(PD); (I) CD68+ in blood vessels and (J) reticular and papillary dermis. Quantification of cells in controls and cases: (D) CD4; (G) CD8; and (K) CD68. 
(*p < 0.05).
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controlling infections; however, the exacerbation of it, with high 
production of cytokines, may induce immunopathological 
conditions, leading to cutaneous manifestations, such as erythema, 

and urticarial and vesiculobullous lesions (Kaya et al., 2020). In 
addition, RANTES expression was higher in the CHIKV group. 
This chemokine is an important chemoattractant for eosinophils, 

FIGURE 5

Detection of cytokines/mediators: Control skin: (A) TNF-α; (D,E) IL-6; (H,I) RANTES; (M) VEGFR2. CHIKV skins, with expression of (B) TNF-α, (F) IL-6, 
(J,K) RANTES, and (N) VEGFR2. In the epidermis (EP), blood vessels (Vs), inflammatory infiltrate (➤), sweat glands (SwG), dermal cells (Dc), reticular 
dermis (RD), dermal papilla (PD), polymorphonuclear (PM) cells. Percentual of positive areas expressing these cytokines/mediators: (C) TNF-α, (G) IL-6, 
(L) RANTES, and (O) VEGFR2 (*p < 0.05).
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T lymphocytes, and monocytes (Kato et al., 2006; Marques et al., 
2013) and considered a biomarker associated with severe 
Chikungunya fever (Ng et al., 2009).

Since it was observed considerable involvement of endothelial 
cells, we  investigated the vascular endothelial growth factor 
receptor 2 (VEGFR2). VEGF, a vascular endothelial growth factor, 

FIGURE 6

Ultrastructure of skin biopsies infected with CHIKV: (A) Keratinocyte (Kt) from the spinous layer of the epidermis exhibits keratohyalin (Kth) granules, but 
with loss of tonofilaments and desmosomes that make contact (thick arrow) with adjacent keratinocytes. (B) Epidermis with necrotic cells (Nec), basal 
layer cells (BLc) with mitochondria (Mi) in the absence of cristae, and collagen fibers (Cf) in the dermis. (C) Fibroblast (Fi) shows an endoplasmic 
reticulum (ER) with dilated cisternae and mitochondria (Mi) with few cristae. (D) Dendritic cells present mitochondria (Mi) with few cristae and 
production of vesicles (Ve). (E) Presence of lymphocytes (Ly) infiltrated in the dermis between collagen fibers (Cf). (F) Presence of a monocyte (Mo) 
recently infiltrated into the dermis but not yet differentiated into a macrophage.
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is a contributor to angiogenesis, which is an important component 
of wound healing (Johnson et al., 2020). The binding of VEGF to 
VEGFR2 is important in physiological processes since it promotes 
endothelial cell proliferation, increases vascular permeability, and 
forms new vessels (Holmes et al., 2007). However, it plays a role 
in pathological conditions, such as inflammation (Shibuya, 2013). 
In DENV infection, it seems to contribute to vascular permeability 
(Rattanamahaphoom et al., 2017). The upregulation of VEGFR2 
is observed in skin diseases, such as psoriasis (Man et al., 2008). 
Despite there being no statistically significant difference in the 
case group compared to the controls, the expression of VEGFR2 
was upregulated in some cases studied here.

For a decade, Brazil has been suffering from Chikungunya 
epidemics, and the virus circulates widely, causing several cases, 
severe cases, and deaths. Despite that, there are still few studies 
focusing on dermal changes caused by CHIKV infection, especially 
considering the immunopathogenesis of the skin. Therefore, in this 
study, we  aimed to fill some gaps in the knowledge about the 
pathogenesis and clinical course of the disease in this 
important organ.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author/s.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of the Oswaldo Cruz Foundation. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study.

Author contributions

NS: Conceptualization, Investigation, Methodology, Writing – 
original draft. LA: Conceptualization, Formal analysis, Investigation, 
Writing – review & editing. LS: Investigation, Writing – review & 
editing. AL: Investigation, Writing – review & editing. CB-d-O: 
Resources, Writing – review & editing. RB-d-O: Writing – review & 
editing. JC: Resources, Writing – review & editing. PN: Methodology, 
Writing – review & editing. JS: Methodology, Writing – review & 
editing. DB: Methodology, Writing – review & editing. MP: 
Conceptualization, Investigation, Supervision, Writing – review & 

editing. KR: Formal analysis, Investigation, Methodology, Writing – 
review & editing. FD: Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 
funded by the Fundação Oswaldo Cruz (Fiocruz), Conselho Nacional 
de Desenvolvimento Científico e Tecnológico (CNPq), grant number 
303146/2022–2 to FBS, Fundação de Amparo à Pesquisa do Estado do 
Rio de Janeiro (FAPERJ), grant numbers E-26/210.400/2019, 
E-26/202.659/2019, E-26/010.002420/2019, E-26/211.344/2021, 
E-26/205.908/2022, and E-26/200.407/2023. CNPq and Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) - Finance 
Code 001 for students’ fellowship.

Acknowledgments

We would like to thank the Histotechnology Platform of the 
Oswaldo Cruz Institute (FIOCRUZ) for providing the paraffin 
sections, and to Dra Livia Caricio Martins, Arboviruses and 
Hemorrhagic Fevers Section, Evandro Chagas Institute, Pará, for 
providing the polyclonal anti-CHIKV mouse hyperimmune 
ascites fluids.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmicb.2025.1497354/
full#supplementary-material

References
Al Moussawy, M., and Abdelsamed, H. A. (2022). Non-cytotoxic functions of Cd8 T 

cells: “repentance of a serial killer.”. Front. Immunol. 13. doi: 10.3389/
FIMMU.2022.1001129

Bandyopadhyay, D., and Ghosh, S. (2010). Mucocutaneous Manifestations of 
Chikungunya Fever. Indian J. Dermatol. 55, 64–67. doi: 10.4103/0019-5154.60356

Banno, T., Gazel, A., and Blumenberg, M. (2004). Effects of tumor necrosis factor-α 
(TNFα) in epidermal keratinocytes revealed using global transcriptional profiling. J. 
Biol. Chem. 279, 32633–32642. doi: 10.1074/jbc.M400642200

Benjamanukul, S., Chansaenroj, J., Chirathaworn, C., and Poovorawan, Y. (2022). 
Atypical skin manifestation in severe acute chikungunya infection in a pregnant woman: 
a case report. J. Med. Case Rep. 16, 1–6. doi: 10.1186/S13256-021-03197-3/FIGURES/4

Bonifati, C., Carducci, M., Fei, P. C., Trento, E., Sacerdoti, G., Fazio, M., et al. (1994). 
Correlated increases of tumour necrosis factor-α, interleukin-6 and granulocyte 
monocyte-colony stimulating factor levels in suction blister fluids and sera of psoriatic 
patients relationships with disease severity. Clin. Exp. Dermatol. 19, 383–387. doi: 
10.1111/j.1365-2230.1994.tb02687.x

https://doi.org/10.3389/fmicb.2025.1497354
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1497354/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1497354/full#supplementary-material
https://doi.org/10.3389/FIMMU.2022.1001129
https://doi.org/10.3389/FIMMU.2022.1001129
https://doi.org/10.4103/0019-5154.60356
https://doi.org/10.1074/jbc.M400642200
https://doi.org/10.1186/S13256-021-03197-3/FIGURES/4
https://doi.org/10.1111/j.1365-2230.1994.tb02687.x


Salomão et al. 10.3389/fmicb.2025.1497354

Frontiers in Microbiology 12 frontiersin.org

Borgherini, G., Poubeau, P., Staikowsky, F., Lory, M., Le Moullec, N., Becquart, J. P., 
et al. (2007). Outbreak of chikungunya on Reunion Island: early clinical and laboratory 
features in 157 adult patients. Clin. Infect. Dis. 44, 1401–1407. doi: 10.1086/517537

Bryden, S. R. (2020). Pan-viral protection against arboviruses by activating skin 
macrophages at the inoculation site. Science Translational Medicine, 12:eaax2421. doi: 
10.1126/scitranslmed.aax2421

Burt, F. J., Chen, W., Miner, J. J., Lenschow, D. J., Merits, A., Schnettler, E., et al. (2017). 
Chikungunya virus: an update on the biology and pathogenesis of this emerging 
pathogen. Lancet Infect. Dis. 17, e107–e117. doi: 10.1016/S1473-3099(16)30385-1

Casais, P. M., Akrami, K., Cerqueira-Silva, T., Moraesc, L. P., Rigaud, V. N., Neto, E. S., 
et al. (2020). Oral lesions are frequent in patients with chikungunya infection. J. Travel 
Med. 27, 1–3. doi: 10.1093/JTM/TAAA040

CGVS - Coordenadoria Geral de Articulação Estratégica de Vigilância em Saúde 
(2019). Número de Casos de Chikungunya* por mês, Áreas de Planejamento, Regiões 
Administrativas e Bairros, Município do Rio de Janeiro – 2019. Available at: https://www.
rio.rj.gov.br/dlstatic/10112/10829614/4293007/Chik2019mes.pdf (Accessed August 
30, 2024).

Chu, C. Y. (2012). Skin as an immune organ. Dermatol. Sin. 30. doi: 10.1016/j.
dsi.2012.11.001

Couderc, T., Chrétien, F., Schilte, C., Disson, O., Brigitte, M., Guivel-Benhassine, F., 
et al. (2008). A mouse model for chikungunya: Young age and inefficient type-I 
interferon signaling are risk factors for severe disease. PLoS Pathog. 4:e29. doi: 10.1371/
journal.ppat.0040029

da Cunha, R. V., Trinta, K. S., Oswaldo Cruz, F., and Grande, C. (2017). Chikungunya 
virus: clinical aspects and treatment - a review. Mem. Inst. Oswaldo Cruz 112, 523–531. 
doi: 10.1590/0074-02760170044

Doran, C., Elsinga, J., Fokkema, A., Berenschot, K., Gerstenbluth, I., Duits, A., et al. 
(2022). Long-term chikungunya sequelae and quality of life 2.5 years post-acute disease 
in a prospective cohort in Curaçao. PLoS Negl. Trop. Dis. 16:e0010142. doi: 10.1371/
JOURNAL.PNTD.0010142

Ekchariyawat, P., Hamel, R., Bernard, E., Wichit, S., Surasombatpattana, P., 
Talignani, L., et al. (2015). Inflammasome signaling pathways exert antiviral effect 
against chikungunya virus in human dermal fibroblasts. Infect. Genet. Evol. 32, 401–408. 
doi: 10.1016/J.MEEGID.2015.03.025

Farias, L. A. B. G., Neto, R. D. J. P., and Leite, R. D. (2019). Extensive vesiculobullous 
exanthema following chikungunya fever in a 13-year-old patient. Rev. Soc. Bras. Med. 
Trop. 52:e20190015. doi: 10.1590/0037-8682-0015-2019

Flannagan, R. S., Heit, B., and Heinrichs, D. E. (2015). Antimicrobial mechanisms of 
macrophages and the immune evasion strategies of Staphylococcus aureus. Pathogens 4, 
826–868. doi: 10.3390/pathogens4040826

Gasque, P., Bandjee, M. C. J., Reyes, M. M., and Viasus, D. (2016). Chikungunya 
pathogenesis: from the clinics to the bench. J. Infect. Dis. 214, S446–S448. doi: 10.1093/
infdis/jiw362

Hänel, K. H., Cornelissen, C., Lüscher, B., and Baron, J. M. (2013). Cytokines and the 
skin barrier. Int. J. Mol. Sci. 14, 6720–6745. doi: 10.3390/ijms14046720

Holmes, K., Roberts, O. L., Thomas, A. M., and Cross, M. J. (2007). Vascular 
endothelial growth factor receptor-2: structure, function, intracellular signalling and 
therapeutic inhibition. Cellular Signal. 19. doi: 10.1016/j.cellsig.2007.05.013

Inamadar, A. C., Palit, A., Sampagavi, V. V., Raghunath, S., and Deshmukh, N. S. 
(2008). Cutaneous manifestations of chikungunya fever: observations made during a 
recent outbreak in South India. Int. J. Dermatol. 47, 154–159. doi: 
10.1111/J.1365-4632.2008.03478.X

Jebain, J., Siller, A., Lupi, O., and Tyring, S. K. (2020). Perinatal chikungunya induced 
scalded skin syndrome. IDCases 22:e00969. doi: 10.1016/J.IDCR.2020.E00969

Jiang, Y., Tsoi, L. C., Billi, A. C., Ward, N. L., Harms, P. W., Zeng, C., et al. (2020). 
Cytokinocytes: the diverse contribution of keratinocytes to immune responses in skin. 
JCI Insight 5:2067. doi: 10.1172/jci.insight.142067

Johnson, B. Z., Stevenson, A. W., Prêle, C. M., Fear, M. W., and Wood, F. M. (2020). 
The role of IL-6 in skin fibrosis and cutaneous wound healing. Biomedicines 8:101. doi: 
10.3390/BIOMEDICINES8050101

Kato, Y., Pawankar, R., Kimura, Y., and Kawana, S. (2006). Increased expression of 
RANTES, CCR3 and CCR5 in the lesional skin of patients with atopic eczema. Int. Arch. 
Allergy Immunol. 139, 245–257. doi: 10.1159/000091170

Kaya, G., Kaya, A., and Saurat, J.-H. (2020). Clinical and histopathological features 
and potential pathological mechanisms of skin lesions in COVID-19: Review of the 
Literature. Dermatopathology 7, 3–16. doi: 10.3390/dermatopathology7010002

Kortekaas Krohn, I., Aerts, J. L., Breckpot, K., Goyvaerts, C., Knol, E., Van Wijk, F., 
et al. (2022). T-cell subsets in the skin and their role in inflammatory skin disorders. 
Allergy 77, 827–842. doi: 10.1111/ALL.15104

Kumar, R., Sharma, M., Jain, S., Yadav, S., and Singhal, A. (2017). Cutaneous 
manifestations of chikungunya fever: Observations from an outbreak at a tertiary Care 
Hospital in Southeast Rajasthan. India: Indian Dermatology Online Journal.

Lanciotti, R. S., Kosoy, O. L., Laven, J. J., Panella, A. J., Velez, J. O., Lambert, A. J., et al. 
(2007). Chikungunya virus in US travelers returning from India, 2006. Emerg. Infect. 
Dis. 13, 764–767. doi: 10.3201/eid1305.070015

Lin, Z.-Q., Kondo, T., Ishida, Y., Takayasu, T., and Mukaida, N. (2003). Essential involvement 
of IL-6 in the skin wound-healing process as evidenced by delayed wound healing in IL-6-
deficient mice. J. Leukoc. Biol. 73, 713–721. doi: 10.1189/jlb.0802397

Lum, F. M., and Ng, L. F. P. (2015). Cellular and molecular mechanisms of chikungunya 
pathogenesis. Antivir. Res. 120, 165–174. doi: 10.1016/J.ANTIVIRAL.2015.06.009

Man, X. Y., Yang, X. H., Cai, S. Q., Bu, Z. Y., and Zheng, M. (2008). Overexpression of 
vascular endothelial growth factor (VEGF) receptors on keratinocytes in psoriasis: 
regulated by calcium independent of VEGF. J. Cell. Mol. Med. 12, 649–660. doi: 
10.1111/j.1582-4934.2007.00112.x

Marques, R. E., Guabiraba, R., Russo, R. C., and Teixeira, M. M. (2013). Targeting 
CCL5  in inflammation. Expert Opinion Therapeutic Targets 17, 1439–1460. doi: 
10.1517/14728222.2013.837886

Mavalankar, D., Shastri, P., and Raman, P. (2007). Chikungunya epidemic in India: a 
major public-health disaster. Lancet Infect. Dis. 7, 306–307. doi: 10.1016/
S1473-3099(07)70091-9

Ministério-da-Saúde. (2017). Manejo clínico Chikungunya Brasília/DF. Manejo 
Clínico-Chikungunya. Available at: https://bvsms.saude.gov.br/bvs/publicacoes/
chikungunya_manejo_clinico.pdf (Accessed September 10, 2024).

Ng, L. C. L. F. P., Chow, A., Sun, Y. J., Kwek, D. J. C., Lim, P. L., Dimatatac, F., et al. 
(2009). IL-1β, IL-6, and RANTES as biomarkers of chikungunya severity. PLoS One 
4:e4261. doi: 10.1371/journal.pone.0004261

Niehues, H., Rikken, G., van Vlijmen-Willems, I. M. J. J., Rodijk-Olthuis, D., van 
Erp, P. E. J., Zeeuwen, P. L. J. M., et al. (2022). Identification of keratinocyte mitogens: 
implications for Hyperproliferation in psoriasis and atopic dermatitis. JID Innovations 
2:100066. doi: 10.1016/j.xjidi.2021.100066

Ojeda Rodriguez, J. A., Haftel, A., and Walker, J. R. III (2023). Chikungunya Fever: 
StatPearls. Treasure Island (FL): StatPearls Publishing. Available from: https://www.ncbi.
nlm.nih.gov/books/NBK534224/

Pakran, J., George, M., Riyaz, N., Arakkal, R., George, S., Rajan, U., et al (2011). 
Purpuric macules with vesiculobullous lesions: a novel manifestation of Chikungunya. 
Int J Dermatol. 50, 61–9. doi: 10.1111/j.1365-4632.2010.04644.x

Paniz-Mondolfi, A. E., Blohm, G. M., Hernandez-Perez, M., Larrazabal, A., Moya, D., 
Marquez, M., et al. (2019). Cutaneous features of Zika virus infection: a 
clinicopathological overview. Clin Exp Dermatol 44. doi: 10.1111/ced.13793

Passi, G. R., Khan, Y. Z., and Chitnis, D. S. (2008). Chikungunya infection in neonates. 
Indian Pediatr. 45, 240–242.

Rattanamahaphoom, J., Leaungwutiwong, P., Limkittikul, K., Kosoltanapiwat, N., and 
Srikaitkhachorn, A. (2017). Activation of dengue virus-specific T cells modulates 
vascular endothelial growth factor receptor 2 expression. Asian Pac. J. Allergy Immunol. 
35, 171–178. doi: 10.12932/AP0810

Riyaz, N., Riyaz, A., Rahima, E. N., Anitha, P. M., Aravindan, K. P., Nair, A. S., et al. 
(2010). Cutaneous manifestations of chikungunya during a recent epidemic in Calicut, 
North Kerala, South India. Indian J. Dermatol. Venereol. Leprol. 76, 671–676. doi: 
10.4103/0378-6323.72466

Robin, S., Ramful, D., Zettor, J., Benhamou, L., Jaffar-Bandjee, M. C., Rivière, J. P., et al. 
(2010). Severe bullous skin lesions associated with chikungunya virus infection in small 
infants. Eur. J. Pediatr. 169, 67–72. doi: 10.1007/s00431-009-0986-0

Royall, J. A., Berkow, R. L., Beckman, J. S., Cunningham, M. K., Matalon, S., and 
Freeman, B. A. (1989). Tumor necrosis factor and interleukin 1 alpha increase vascular 
endothelial permeability. Am. J. Phys. 257, L399–L410. doi: 10.1152/
AJPLUNG.1989.257.6.L399

Rueda, J. C., Santos, A. M., Angarita, J.-I., Giraldo, R. B., Saldarriaga, E.-L., 
Muñoz, J. G. B., et al. (2018). Demographic and clinical characteristics of chikungunya 
patients from six Colombian cities, 2014-2015. Emerg Microbes Infect 8, 1490–L410. 
doi: 10.1080/22221751.2019.1678366

Salje, H., Lessler, J., Paul, K. K., Azman, A. S., Rahman, M. W., Rahman, M., et al. 
(2016). How social structures, space, and behaviors shape the spread of infectious 
diseases using chikungunya as a case study. Proc. Natl. Acad. Sci. USA 113, 13420–1500. 
doi: 10.1073/pnas.1611391113

Santoro, D., and Boyd, M. (2021). The skin as an immune organ. Diag. Ther. Vet. 
Dermatol. doi: 10.1002/9781119680642.ch1

Sharif, N., Sarkar, M. K., Ferdous, R. N., Ahmed, S. N., Billah, M. B., Talukder, A. A., 
et al. (2021). Molecular Epidemiology, Evolution and Reemergence of Chikungunya 
Virus in South Asia. Front. Microbiol. 12:689979. doi: 10.3389/fmicb.2021.689979

Sharp, T. M., Keating, M. K., Shieh, W. J, Bhatnagar, J., Bollweg, B. C., Levine, R., et al. 
(2021).  Clinical Characteristics, Histopathology, and Tissue Immunolocalization of 
Chikungunya Virus Antigen in Fatal Cases. Clin Infect Dis 73, e345–e354. doi: 10.1093/
cid/ciaa837

Shibuya, M. (2013). Vascular endothelial growth factor and its receptor system: 
physiological functions in angiogenesis and pathological roles in various diseases. In. J. 
Biochem. 153, 13–19. doi: 10.1093/jb/mvs136

Silva, A. D. C., Silva, A. D. C., deCastro, P. A. S. V., Ávila, I. R., and Bezerra, J. M. T. 
(2023). Prevalence and epidemiological aspects of Chikungunya fever in states of the 
Northeast region of Brazil: A systematic review. Acta Trop. 241:106872. doi: 10.1016/j.
actatropica.2023.106872

https://doi.org/10.3389/fmicb.2025.1497354
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1086/517537
https://doi.org/10.1126/scitranslmed.aax2421
https://doi.org/10.1016/S1473-3099(16)30385-1
https://doi.org/10.1093/JTM/TAAA040
https://www.rio.rj.gov.br/dlstatic/10112/10829614/4293007/Chik2019mes.pdf
https://www.rio.rj.gov.br/dlstatic/10112/10829614/4293007/Chik2019mes.pdf
https://doi.org/10.1016/j.dsi.2012.11.001
https://doi.org/10.1016/j.dsi.2012.11.001
https://doi.org/10.1371/journal.ppat.0040029
https://doi.org/10.1371/journal.ppat.0040029
https://doi.org/10.1590/0074-02760170044
https://doi.org/10.1371/JOURNAL.PNTD.0010142
https://doi.org/10.1371/JOURNAL.PNTD.0010142
https://doi.org/10.1016/J.MEEGID.2015.03.025
https://doi.org/10.1590/0037-8682-0015-2019
https://doi.org/10.3390/pathogens4040826
https://doi.org/10.1093/infdis/jiw362
https://doi.org/10.1093/infdis/jiw362
https://doi.org/10.3390/ijms14046720
https://doi.org/10.1016/j.cellsig.2007.05.013
https://doi.org/10.1111/J.1365-4632.2008.03478.X
https://doi.org/10.1016/J.IDCR.2020.E00969
https://doi.org/10.1172/jci.insight.142067
https://doi.org/10.3390/BIOMEDICINES8050101
https://doi.org/10.1159/000091170
https://doi.org/10.3390/dermatopathology7010002
https://doi.org/10.1111/ALL.15104
https://doi.org/10.3201/eid1305.070015
https://doi.org/10.1189/jlb.0802397
https://doi.org/10.1016/J.ANTIVIRAL.2015.06.009
https://doi.org/10.1111/j.1582-4934.2007.00112.x
https://doi.org/10.1517/14728222.2013.837886
https://doi.org/10.1016/S1473-3099(07)70091-9
https://doi.org/10.1016/S1473-3099(07)70091-9
https://bvsms.saude.gov.br/bvs/publicacoes/chikungunya_manejo_clinico.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/chikungunya_manejo_clinico.pdf
https://doi.org/10.1371/journal.pone.0004261
https://doi.org/10.1016/j.xjidi.2021.100066
https://www.ncbi.nlm.nih.gov/books/NBK534224/
https://www.ncbi.nlm.nih.gov/books/NBK534224/
https://doi.org/10.1111/j.1365-4632.2010.04644.x
https://doi.org/10.1111/ced.13793
https://doi.org/10.12932/AP0810
https://doi.org/10.4103/0378-6323.72466
https://doi.org/10.1007/s00431-009-0986-0
https://doi.org/10.1152/AJPLUNG.1989.257.6.L399
https://doi.org/10.1152/AJPLUNG.1989.257.6.L399
https://doi.org/10.1080/22221751.2019.1678366
https://doi.org/10.1073/pnas.1611391113
https://doi.org/10.1002/9781119680642.ch1
https://doi.org/10.3389/fmicb.2021.689979
https://doi.org/10.1093/cid/ciaa837
https://doi.org/10.1093/cid/ciaa837
https://doi.org/10.1093/jb/mvs136
https://doi.org/10.1016/j.actatropica.2023.106872
https://doi.org/10.1016/j.actatropica.2023.106872


Salomão et al. 10.3389/fmicb.2025.1497354

Frontiers in Microbiology 13 frontiersin.org

Simon, F., Savini, H., and Parola, P. (2008). Chikungunya: a paradigm of emergence 
and globalization of vector-borne diseases. Med. Clin. North Am. 92, 1323–1343. doi: 
10.1016/J.MCNA.2008.07.008

Singh, N., Chandrashekar, L., Konda, D., Thappa, D. M., Srinivas, B. H., and 
Dhodapkar, R. (2014). Vesiculobullous viral exanthem due to chikungunya in an infant. 
Indian Dermatol. Online J. 5, 119–S120. doi: 10.4103/2229-5178.146188

Spoto, S., Riva, E., Fogolari, M., Cella, E., Costantino, S., Angeletti, S., et al. (2018). 
Diffuse maculopapular rash: a family cluster during the last chikungunya virus epidemic 
in Italy. Clin. Case Reports 6, 2322–2325. doi: 10.1002/CCR3.1831

Tang, B. L. (2012). The cell biology of chikungunya virus infection. Cell. Microbiol. 14. 
doi: 10.1111/j.1462-5822.2012.01825.x

Thomas, E., John, M., and Kanish, B. (2010). Mucocutaneous manifestations of 
dengue fever. Indian J. Dermatol. 55, 79–85. doi: 10.4103/0019-5154.60359

Tini, M. L., and Rezza, G. (2018). Morbilliform skin rash with prominent involvement 
of the palms in chikungunya fever. IDCases 13:e00421. doi: 10.1016/J.IDCR.2018.E00421

Torres, J. R., Falleiros-Arlant, L. H., Dueñas, L., Pleitez-Navarrete, J., and Salgado, D. M.  
(2016). Congenital and perinatal complications of chikungunya fever: a Latin American 
experience. Int. J. Infect. Dis. 51, 85–88. doi: 10.1016/j.ijid.2016.09.009Castillo, J. B. Del

Turtos, D. L. M., Ricardo, S. O. N., and Clemente, R.O. (2019).  Chikungunya: a rare 
skin manifestation Case report. Correo Científico Médico. 23, 288–296.

Valamparampil, J. J., Chirakkarot, S., Letha, S., Jayakumar, C., and Gopinathan, K. M. 
(2009). Clinical profile of chikungunya in infants. Indian J. Pediatr. 76, 151–155. doi: 
10.1007/S12098-009-0045-X

Wauquier, N., Becquart, P., Nkoghe, D., Padilla, C., Ndjoyi-Mbiguino, A., and 
Leroy, E. M.. (2011). The acute phase of Chikungunya virus infection in humans is 
associated with strong innate immunity and T CD8 cell activation. J Infect Dis. 204, 
115–23. doi: 10.1093/infdis/jiq006 [Epub 2010 Dec 14].

Young, A. R., Locke, M. C., Cook, L. E., Hiller, B. E., Zhang, R., Hedberg, M. L., et al. 
(2019). Dermal and muscle fibroblasts and skeletal myofibers survive chikungunya virus 
infection and harbor persistent RNA. PLoS Pathog. 15:e1007993. doi: 10.1371/journal.
ppat.1007993

https://doi.org/10.3389/fmicb.2025.1497354
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1016/J.MCNA.2008.07.008
https://doi.org/10.4103/2229-5178.146188
https://doi.org/10.1002/CCR3.1831
https://doi.org/10.1111/j.1462-5822.2012.01825.x
https://doi.org/10.4103/0019-5154.60359
https://doi.org/10.1016/J.IDCR.2018.E00421
https://doi.org/10.1016/j.ijid.2016.09.009
https://doi.org/10.1007/S12098-009-0045-X
https://doi.org/10.1093/infdis/jiq006
https://doi.org/10.1371/journal.ppat.1007993
https://doi.org/10.1371/journal.ppat.1007993

	Chikungunya virus infection in the skin: histopathology and cutaneous immunological response
	1 Introduction
	2 Materials and methods
	2.1 Ethical statement
	2.2 Case descriptions
	2.3 Sample collection
	2.4 Serological diagnosis
	2.5 Viral RNA extraction and RT-qPCR for chikungunya virus detection in skin samples
	2.6 Histopathological analysis
	2.7 Immunohistochemistry analysis
	2.8 Quantification analysis
	2.9 Electron microscopy analysis
	2.10 Statistical analysis

	3 Results
	3.1 Cutaneous manifestations in the acute phase of chikungunya infection
	3.2 The skin of patients with chikungunya in the acute phase showed histopathological changes
	3.3 CHIKV viral RNA and antigen were detected in skin biopsies
	3.4 Characterization of cell types in CHIKV-infected skin biopsies
	3.5 Cytokines and chemokines expressions in CHIKV-infected skin biopsies
	3.6 Ultrastructural analysis of skin biopsies from CHIKV-infected patients

	4 Discussion

	References

