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a b s t r a c t

We aimed to describe the landscape, including molecular, epidemiological, and clinical aspects of CHIKV 
infections in the Ribeirao Preto region, an area endemic to dengue. We randomly screened 3744 plasma 
samples that had undergone DENV diagnosis to evaluate CHIKV-RNA using an in-house RT-PCR assay. 
Positive samples were followed clinically, and RNA samples were submitted to whole genome sequencing. 
Seventeen cases (0.5 %) were positive for CHIKV-RNA despite being negative for DENV-RNA. Notably, half of 
the patients experienced prolonged arthralgia lasting more than 90 days. Compared with the healthy 
control group, leukopenia and thrombocytopenia were observed in all CHIKV-positive individuals with 
statistically significant P values (P  <  0.0001 and P = 0.0003, respectively). The genomic analysis revealed 
that the CHIKV strains being studied are classified within the East-Central-South-African (ECSA) genotype. 
This analysis identified new mutations, E1: K211E and E2: V264A, while the previously known mutation E1: 
A226V was not detected among these strains. This study highlights the need for epidemiological surveil
lance and preparedness for potential CHIKV epidemics in Brazil, particularly where other arboviruses co- 
circulate.
© 2024 Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health Sciences.CC BY- 

NC-ND 3.0 IGO

Introduction

Chikungunya fever is a mosquito-borne disease caused by the 
Chikungunya virus (CHIKV), a member of the Alphavirus genus 
within the Togaviridae family. Over the past decade, CHIKV has 

emerged and has become a significant global health concern due to 
its rapid spread, considerable mortality, and economic impact. 
CHIKV is usually associated with acute polyarthralgia, characterized 
by high fever, rash, and severe joint pain that can last months after 
infection [1]. The disease is primarily transmitted by Aedes mos
quitoes, with four distinct genotypes: the West African, Asian, East/ 
Central/South African (ECSA), and Indian Ocean Lineage genotype 
[2], contributing to its global epidemiology.
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Fig. 1. Epidemiological and Clinical Characteristics of CHIKV Infections in Ribeirão Preto, São Paulo, Brazil. A) Annual distribution of reported CHIKV and DENV cases in Ribeirão 
Preto from 2016 to 2023. B) Distribution of CHIKV-positive cases, highlighting the notable increase in CHIKV cases in 2023, with 75 % autochthonous. C) Comparative analysis of 
leukocyte counts in CHIKV-positive individuals versus healthy controls, indicating significant leukopenia (P  <  0.0001). D) Comparative analysis of platelet counts in CHIKV- 
positive individuals versus healthy controls, showing significant thrombocytopenia (P = 0.0003). E) Phylogenetic tree of CHIKV sequences from Ribeirão Preto, clustering with the 
ECSA genotype reference strains from Brazilian and South American isolates. The red dots represent the 14 complete genomes sequenced in this study.
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In the Americas, there has been an observed increase in CHIKV 
cases and deaths in the early months of 2023, with 30,707 reported 
cases and 14 deaths, surpassing the numbers reported in 2022 
(271,176 cases/95 deaths) and 2021 (137,025 cases/12 deaths) [3]. 
Brazil accounted for 64 % (174,517) of the cases in 2022 [4], with the 
Northeast region having the highest incidence rate of 257.4 cases per 
100,000 inhabitants and 41 % of death notifications. São Paulo re
ported 5155 and 3945 cases in the Southeast region in 2022 and 
2023, respectively.

Although the CHIKV epidemic has not yet reached Ribeirão Preto, 
there has been a notable increase in CHIKV cases since the beginning 
of the 2023 seasonal period compared to previous years, as depicted 
in Fig. 1A. Notably, 75 % of these cases are autochthonous. Con
currently, DENV outbreaks have occurred in multiple years (2016, 
2019, 2020, 2022, and 2023) as shown in Fig. 1A. Therefore, this si
tuation raises concerns due to the favorable conditions for other 
arboviruses, such as CHIKV, and consequently for coinfections.

Methods

During the peak of the DENV outbreak in May 2023, a random 
screening was conducted on 3744 plasma samples from individuals 
presenting with febrile syndrome related to arbovirus infections at 
the Basic Health Units of Ribeirão Preto, located in the Northeast part 
of São Paulo State, Brazil. CHIKV-RNA was detected using an in- 
house RT-PCR assay based on the method described by Lanciotti 
et al., 2006 [5]. Whole genome sequencing of CHIKV was performed 
utilizing the Illumina COVIDSeq protocol (Illumina), with adaptation 
employing CHIKV-specific primers [6]. The sequencing protocol is 
accessible at protocols.io under "Pathogen Whole Genome Sequen
cing - Multiplexed amplicon sequencing" [7]. Sample selection was 
based on the cycle threshold (Ct) value (< 30, mean 26.01  ±  8.15). 
Subsequently, the Epidemiological Service of the municipality was 
informed, and patients were subject to clinical monitoring until their 
symptoms were resolved.

Results

The initial selection of 3744 plasma samples for this study was 
based on samples that had undergone DENV diagnosis, as they ex
hibited symptoms indicative of arbovirus infections. Simultaneously, 
all samples were tested for CHIKV using RT-PCR. Out of the 3744 
plasma samples analyzed, 17 (0.5 %) tested positive for CHIKV-RNA 
while being negative for DENV-RNA. All cases were autochthonous, 
with 70.6 % male and an average age of 49 (ranging from 0 to 76 
years). We highlight the positivity in a newborn of 4 months whose 
mother tested negative for CHIKV RT-PCR. The infant had ceased to 
receive breastfeeding one month prior to testing. Interestingly, it 
was found that one of the infant’s siblings also tested positive for 
CHIKV RT-PCR during the timeframe. These findings suggest that the 
mode of transmission in this instance is more likely vector-borne 
rather than maternal.

Positive individuals were symptomatic, suspected of having ar
bovirus-febrile syndrome, and sought medical attention approxi
mately three days after the onset of symptoms. Predominant 
reported symptoms included fever (90 %), myalgia (90 %), headache 
(65 %), nausea (60 %), vomiting (35 %), rash (30 %), retro-orbital pain 
(24 %), inappetence (18 %), and petechiae (6 %). Arthralgia was ob
served in only 53 % of the cases, with 60 % experiencing intense joint 
pain. Primary treatments included analgesics, corticoids, and anti- 
inflammatory drugs. Arthralgia persisted for more than 90 days in 
fifty percent of the patients. Interestingly, leukopenia and throm
bocytopenia were observed in all CHIKV-positive individuals, 
showing significant P values (P  <  0.0001 and P = 0.0003, respec
tively) compared to healthy individuals (controls), as depicted in 
Fig. 1C. The most prevalent comorbidities among these individuals 

were hypertension and diabetes. Patients were monitored until the 
resolution of acute symptoms, and none exhibited severe manifes
tations. (Supplementary Data, Table S1).

All samples met the specific criterion for viral whole genome 
sequencing, which requires a cycle threshold (Ct) value of less than 
30. However, only 14 out of the 17 samples analyzed achieved a 
coverage greater than 90 % and a depth exceeding 1,000X, ac
counting for 82.3 % of the total. All complete genomes of CHIKV 
sequences were deposited in the GISAID database (Supplementary 
Data, Table S2). Multiple alignments were performed using 166 
complete genome sequences from NCBI (Supplementary Data, Table 
S2). Phylogenetic analysis revealed that the CHIKV sequences belong 
to the ECSA genotype and cluster with reference strains from Bra
zilian and South American isolates (Fig. 1D, red dots), specifically 
from Brazil’s North and Southeast regions. Our findings align with 
the data reported by Xavier et al. (2023), underscoring the crucial 
role of Brazil’s Northeast region as the primary source for the dis
persion of CHIKV. We did not detect the E1-A226V mutation asso
ciated with CHIKV outbreaks in Asia, which is linked to an enhanced 
transmission potential for Aedes albopictus mosquitoes [8]. Ad
ditionally, there is an absence of novel mutations, namely E1: K211E 
and E2: V264A, which are associated with enhanced fitness in Aedes 
aegypti [9]. The E1-T98A mutation is present in all sequences com
pared to the S27-African prototype (NCBI Reference Sequence: 
NC_004162.2) [10].

Discussion

In Brazil, the diagnosis of CHIKV relies initially on clinical eva
luation, with confirmation mainly through IgM serology [4]. How
ever, it is essential to note that while RT-PCR is considered the gold 
standard and the most reliable verification method, its availability in 
the public health network is limited. Interestingly, Thiboutot and 
colleagues (2010) demonstrated that cell counts of leukocytes and 
platelets are not commonly reduced in CHIKV [11]. However, our 
findings demonstrated a decrease in these cell counts, further al
lowing for diagnostic confusion with other arboviruses, such as 
dengue fever.

Despite São Paulo’s low incidence rate for CHIKV (Fig. 1A), areas 
like Ribeirão Preto, with endemic DENV, present all the conditions 
that favor the emergence of a new arbovirus, such as CHIKV. Our 
data provides a local context, but its significance extends beyond 
that, as it can aid in comprehending the spread of CHIKV nationwide 
and forecasting potential epidemics.

The current scenario is an alert for future outbreaks, given that 
this region has not yet been affected. Hence, it is imperative to 
conduct epidemiological surveillance studies to investigate clinical 
events and closely monitor the evolving situation [12]. Despite the 
frequent DENV epidemics in the Ribeirão Preto region, there remain 
uncertainties about the sporadic and imported cases of CHIKV in this 
area. CHIKV strains identified in our study are similar to those en
demic to Brazil, suggesting a predominately domestic circulation 
rather than introduction from neighboring countries. The presence 
of the primary vector species, Ae. aegypti and Ae. albopictus, in the 
state of São Paulo, including Ribeirão Preto, is a well-documented 
fact [13]. Moreover, the increasing average temperatures correlate 
with the geographic spread of Ae. aegypti. Notably, in terms of larval 
density, Ae. aegypti tends to surpass Ae. albopictus. It is essential to 
recognize that factors such as transmission efficiency, susceptibility 
to viruses, and adaptability can vary significantly between these 
vector species [14,15].

Considering Ribeirão Preto an endemic area for DENV, co-circu
lation of DENV and CHIKV poses complex challenges for public 
health strategies, as well as for the diagnosis and treatment proto
cols [16]. This complexity arises from the fact that immunity to one 
virus does not confer immunity to the other, as they have distinct 
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immunological profiles. Furthermore, the transmission dynamics in 
such regions could be significantly affected by factors like population 
susceptibility and previous immunity levels. However, it is crucial to 
consider the potential biases in reporting and surveillance data, 
given that CHIKV screening is still not a standard requirement for 
arbovirus-febrile onset cases.

Building upon the complexity of managing co-circulating DENV 
and CHIKV in endemic areas like Ribeirão Preto, an additional layer 
of intricacy emerges when considering the potential for viral 
transmission through blood transfusion and cell therapy. While 
transmission of CHIKV through transfusion or cell therapy has not 
been confirmed, the existence of a viremia period warrants caution 
regarding this possible route of transmission. This scenario under
scores the need for region-specific approaches in managing and 
understanding the co-circulation of these viruses, emphasizing the 
need for comprehensive strategies that span from epidemiological 
monitoring to clinical intervention.

On November 10, 2023, the FDA approved the first live-atte
nuated vaccine, IXCHIQ® (Valneva) [17], which uses the ECSA geno
type with deletion for attenuation. Additionally, exploring treatment 
strategies to alleviate symptoms should be further studied.

In conclusion, our findings underscore the importance of im
plementing prompt actions, mainly focusing on vector control 
measures and monitoring symptomatic cases. Consequently, the 
spread to new locations encourages further evaluation of the dis
ease’s pathogenesis to facilitate the development of new preventive 
strategies, diagnostic tools, and therapeutic options. This approach is 
critical to preventing and controlling emerging infectious disease 
outbreaks to mitigate the impact on public health.
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