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Abstract
Phylogenetic analysis carried out in several Brazilian regions shows the circulation of the Asian and East-Central South 
African (ECSA) Chikungunya virus (CHIKV) genotypes in the country. Until now, there are no genetic studies about CHIKV 
strains circulating in the South region. In this study, we sequenced 5 new partial sequences of the CHIKV Envelope 1 gene 
from strains detected in Paraná state during the years 2016–2017. Maximum likelihood and neighbor-joining trees grouped 
all sequences in Brazilian branches within ECSA genotype and comparative analysis did not show E1-A226V mutation. 
However, we identified E1-K211T amino acid substitution in a sample demonstrating the dispersion of mutant strains in 
the country.

Keywords Chikungunya · Sequence analysis · Paraná

Introduction

Chikungunya virus (CHIKV) is a re-emerging alphavirus 
belonging to the Togaviridae family, with from person-to-
person transmission through the bite of female mosquitoes 
of the genus Aedes [1]. First described in Tanzania in 1952, 
CHIKV has since been causing outbreaks in Africa, Asia, 
Europe, and the Americas and it represents yet a major 
public health problem in tropical and subtropical countries, 
infecting millions of people worldwide [2, 3]. Although the 
mortality rate is small, the rapid dissemination of CHIKV 
and prolonged morbidity should be considered [4].

The first autochthonous cases of CHIKV in the Americas 
occurred at the end of 2013 on the islands of San Martin, 
Caribe [5], and soon spread to several countries in South 
America [6]. In Brazil, the first imported cases of CHIKV 

occurred in Rio de Janeiro in 2010, but the virus was not iso-
lated or demonstrated by polymerase chain reaction (PCR) 
[7]. Based on the notification of the Brazilian surveillance 
systems, the Chikungunya virus (CHIKV) was re-intro-
duced in Brazil in 2014, with the first autochthonous cases 
occurring in the state of Amapá, followed by cases in Bahia 
and other regions of the country [3, 8]. However, in 2019, 
Souza et al. suggested, through phylogenomic analyses, that 
CHIKV ECSA genotype was introduced into Brazil in 2013, 
up to 1 year before estimates, most probably in Bahia. Cur-
rently, Brazil presents a scenario marked by the coexistence 
of arboviruses such as dengue, zika, and chikungunya [9].

Phylogenetic analyses have shown the occurrence of three 
major CHIKV genotypes, according to the geographic region 
of their isolation: West African (WA), the East-Central-
South African (ECSA), which originated the Indian Ocean 
lineage; and the Asian, which was the genotype introduced 
in the Americas [2, 10]. As far as we know, the CHIKV virus 
genotype circulating in Brazil is ECSA, this being the first 
time that this genotype has been reported in the Americas [3, 
6]. Since then, CHIKV has been spreading throughout sev-
eral regions of the country, affecting mainly the Northeast 
region [3]. Although the Asian genotype was introduced in 
Northern Brazil in 2014, it did not establish a cycle here. On 
the other hand, the ECSA genotype not only persisted, but 
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also spread from Feira de Santana, Bahia, to other regions, 
inside and outside the country, as demonstrated by Nunes 
et al. [3]. Here, using CHIKV sequences from strains that 
circulated in Paraná, Brazil, we presented a phylogenetic 
analysis based on the E gene.

Material and methods

Serum samples from 5 patients with positive molecular 
diagnosis for CHIKV were provided by Laboratório Central 
do Estado do Paraná (LACEN-PR) and sent to the Clini-
cal Virology laboratory of the Universidade Estadual de 
Maringá. The samples were collected in Paraná state dur-
ing arboviruses epidemics (CHIKV and/or DENGV and/
or ZIKV) that occurred in 2016 and 2017. Total RNA was 
extracted using the commercial kit QIAmp® Viral RNA 
Mini Handbook extraction kit (QIAGEN, Courtaboeuf, 
France), according to the manufacturer’s instructions. The 
RNA extracted from 140 µl of the sample was immediately 
used for cDNA synthesis with Superscript III (Invitrogen, 
Carlsbad, CA) following the manufacturer’s protocol. This 
study was approved by the Permanent Research Ethics 
Committee of the State University of Maringá (protocol no. 
1.618.106).

In order to sequence representative fragments of the 
CHIKV envelope E1, primer pairs were designed (Table S1). 
A RT-PCR reaction was standardized for amplifying 
approximately 748 nucleotides along the E1 gene. The reac-
tions were prepared to a final volume of 20 μl, with 1% 
10 × buffer, 0.062 mM of each dNTP (10 mM dNTP mix), 
1.5 mM MgCl2, 0.5 μM of the specific primers (forward and 
Reverse), 0.2 U of Taq DNA Polymerase (Invitrogen, Carls-
bad, CA), and 2 μl of CHIKV cDNA. The thermocycling 
conditions were as follows: initial denaturation at 94 °C for 
5 min, 30 cycles of 94 °C for 1 min, 60 °C for 35 s, 72 °C 
for 45 s, followed by a final extension at 72 °C for 10 min. 
The amplified products were analyzed by 2% agarose gel 
electrophoresis.

The amplicons were sequenced by ACT Gene Análises 
Moleculares Ltda. (Centro de Biotecnologia, UFRGS, Porto 
Alegre, RS, Brazil) using the BigDye Terminator Cycle 
Sequencing Ready Reaction version 3.1 kit (Applied Biosys-
tems®). Sequencing was performed on automatic sequencer 
AB 3500 Genetic Analyzer armed with 50 cm capillaries 
and POP7 polymer (Applied Biosystems).

Sequence quality analysis was performed by PHPH tool, 
a web-based tool, available at the website http:// aspar agin. 
cenar gen. embra pa. br/ phph/ refer ence. html [11]. It provided 
us the contigs from sequences with acceptable quality, which 
had their identity assessed using BLAST (https:// blast. 
ncbi. nlm. nih. gov/ Blast. cgi). After editing, sequences were 
aligned among them using CLUSTAL OMEGA (https:// 

www. ebi. ac. uk/ Tools/ msa/ clust alo/) and they were aligned 
with sequences representative of each genotype (Asian, 
ECSA, and West African) previously deposited on GenBank 
(Table S2) by ClustalW implemented in MEGA X (https:// 
www. megas oftwa re. net/) [12]. After the alignments, phylo-
genetic trees were constructed using the MEGA X (http:// 
www. megas oftwa re. net/), by both neighbor-joining and 
maximum likelihood methods using the Kimura-2 param-
eter model (K2), with a bootstrap of 1000 replications, as 
confirmation of the results. All sequences were deposited 
in GenBank under the accession numbers MK972832 to 
MK972836 (Envelope gene).

Results and discussion

Each one of the five samples corresponded to a distinct 
patient, and although all of them were collected in the state 
of Paraná, Brazil, in two of the cases, patients had reported 
a history of traveling to epidemic regions in the days pre-
ceding the onset of symptoms (Recife and Bahia), and one 
reported residing in Rio de Janeiro state (Table 1). This illus-
trates the scenario experienced by the State of Paraná during 
the period studied, where most of the confirmed cases of 
CHIKV were imported.

In agreement to Nunes et al. (2015), our results showed 
that all sequences obtained in this study were within ECSA 
genotype, clustered with Rio de Janeiro and Bahia samples 
(Fig. 1A, B). Interestingly, this genotype, as previously 
stated, was first reported in Bahia, in the northeast region of 
Brazil, and philographic studies showed that it is originated 
from Angola, being this the first time that this genotype was 
described in the Americas [2, 13].

Souza et al., in a surveillance study conducted in 2016, 
reported, for the first time, the ECSA genotype circulating 
in Rio de Janeiro, in the southeast region of country [14]. 
In this same year, Cunha et al. described an outbreak in 
Sergipe, Brazil, where the ECSA genotype was responsible 
[15]. More recently, the ECSA genotype also caused a new 

Table 1  Epidemiological data for the sequenced samples

ID of the sample Age Sex Origen Travel history

CHIKV_E1_
amostra1

46 Male Curitiba, PR Bahia

CHIKV_E1_
amostra2

76 Female Curitiba, PR Rio de Janeiro

CHIKV_E1_
amostra3

39 Male Medianeira, PR Not reported

CHIKV_E1_
amostra4

43 Female Curitiba, PR Recife, PE

CHIKV_E1_
amostra5

20 Female Curitiba, PR Not reported
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outbreak of CHIKV in the Southeast region, and it was still 
found circulating in Maranhão [16, 17].

Our study adds to this data the south region of Brazil, 
specifically the state of Paraná, demonstrating that also in 
this region only the ECSA genotype was found in serum 
samples from patients with CHIKV. In addition, the disper-
sion of samples among different Brazilian strains suggests 
multiple introductions of the ECSA genotype of CHIKV 
in the state of Paraná. However, we cannot affirm this with 
certainty, due to the high conservation of the genome and 
the small fragment size. This corroborates the observation 
through molecular tests in other regions of the country that 
only the ECSA genotype was able to establish its replication 
cycle in Brazil, and suggests a greater potential of transmis-
sion of this strain [18].

The high density of vector mosquitos, the presence of sus-
ceptible individuals, and the constant movement of people 
can explain the spread of CHIKV in Brazil, which together 
with the co-circulation of other arboviruses (dengue and 
zika virus), demonstrates the serious public health problem 

that these diseases represent [14]. In addition, these results 
highlight the importance of this genotype in the persistence 
and dispersion of CHIKV in the country and warn about the 
need of establishing a surveillance routine, since this is one 
of the genotypes responsible for triggering not only typical 
manifestations, but also neurological ones [19].

This study also demonstrated that the A226V mutation, 
involved in the adaptation and infectivity to A. albopictus, 
was absent in all samples analyzed. Thus, it is expected 
that mutations which confer high viral fitness in A. albop-
ictus have not been fixed at regions where the A. aegypti is 
the main circulating mosquito strain, such as Brazil [17]. 
Interestingly, in one of the samples analyzed, a K211T 
amino acid substitution was observed (Fig. 2). This sample 
belonged to an older female patient from Rio de Janeiro. 
This mutation was described for the first time in Rio de 
Janeiro by a molecular characterization of the E1 gene 
fragment. The same study did not show the A226V muta-
tion; however, it revealed a K211T amino acid substitution 
in all samples analyzed and a V156A substitution in two 

Fig. 1  Genotyping of CHIKV strains (n = 5) identified in Paraná, Bra-
zil, during 2016 and 2017. Neighbor-joining method (A) and maxi-
mum likelihood (B), both K2 parameters model, bootstrap of 1,000 

replications. The CHIKV sequences analyzed were named CHIKV_
E1_amostra1 to CHIKV_E1_amostra5, and they are represented by 
black circles
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sequences [14]. Until now, the consequences of those muta-
tions are unknown, but other studies showed that other muta-
tions such as E1-K211E and E2-V264A were reported to 
impact the fitness of A. aegypti mosquitoes in India during 
the 2006–2010 epidemics [20, 21]. More robust studies are 
needed in order to have a better understanding of these muta-
tions and their consequences on mosquitoes’ fitness and in 
the human immune system.

There were some limitations in our study. Due to the low 
viral load of CHIKV in peripheral blood, we had difficulty 
in obtaining good PCR products to sequence, limiting our 
number of samples and making E2 gene analysis impossible. 
In addition, we analyzed a partial sequence of the CHIKV 
E1 gene, which had some impact on our interpretations. The 
sequencing and analysis of the entire genome of CHIKV 
from different regions of Brazil and the Americas would 
bring more precise information on the circulation and muta-
tions of this virus. However, even with those limitations, our 
results are not only reliable, since the E1 gene has a good 
phylogenetic signal, but also are interesting; once, as far as 
we know, it is the first report involving phylogenetic aspects 
of CHIKV circulating in Paraná.

Conclusion

In conclusion, the strains of CHIKV obtained in this study 
were clustered within the ECSA genotype. Thus, this study 
provides, as far as goes our knowledge, the first genotype 
analysis of CHIKV cases in Paraná, during the epidemic 
period of arboviruses (CHIKV, DENV, and ZIKV) in Brazil, 
and warns about the constant need to monitor this virus, 
since it continues to circulate throughout the country, car-
rying mutations of functions still unknown. Therefore, new 

studies are necessary to verify possible mutations and their 
implications.
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