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ABSTRACT

Chikungunya virus (CHIKV) causes a self-limiting disease characterized by the onset
of fever, skin rash and persistent arthralgia. In the last decade, it has emerged as a serious
public health problem causing several outbreaks around the world. Here, we report the
CHIKYV genotype characterization during the 2016 CHIKV outbreak in Alagoas State, Brazil.
Partial E1 sequence from CHIKV-positive samples coming from different cities of Alagoas
were submitted to DNA sequencing followed by phylogenetic analysis thus characterizing
the virus genotype. The circulating CHIKYV virus in Alagoas during 2016 outbreak belongs
to the East-Central South African genotype. In this way, virus genotyping to monitoring
the spread of CHIKYV is needed to continued surveillance supporting the development of

prevention strategies, mainly in endemic areas of mosquitoes and arboviruses co-circulation.
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Chikungunya virus (CHIKV) is an emergent arthropod-borne virus belonging
to the Togaviridae family transmitted mainly by mosquitos of Aedes genus which
was first isolated in the 1950s during an outbreak in the Tanzania'2. This arbovirus
causes a self-limiting disease known as chikungunya fever (CHIKF) characterized
by the onset of fever, skin rash and persistent severe arthralgia. In the last decade,
CHIKF has been re-emerged as a serious public health problem causing several
outbreaks around the world®®. Nowadays, CHIKV genotypes have been classified
as Asian, East-Central South African (ECSA) or West African according to genomic
comparison with phylogenetic analysis from original reported regions'®'". The first
case of virus autochthonous transmission in the Americas was identified in Caribbean
island of Saint Martin in 2013, and the CHIKV Asian genotype was detected in
that outbreak'. The first ECSA genotype infection in the Americas was reported
in 2014 in the northeast Brazil (Bahia State)'. Interestingly, the same CHIKV
genotype was detected in the Ae. aegypti mosquito two years later in Sergipe State,
concurring with an increase of CHIKF cases'. In this scenario, there was a large
concern about the outbreak reported in Alagoas State in 2016, which is bordered
by both States, Sergipe and Bahia. In Brazil, two different CHIKV genotypes
were notified in different regions (Asian genotype in the north and southeast and
ECSA genotype in the northeast), emerging the necessity of continuous virus
surveillance, mainly in areas of high risk which have the endemic vector as well as
co-circulation of Dengue and Zika virus'®. In the following two years a huge increase
in the number of CHIKF was reported in Brazil, reaching 272 thousand probable
cases in 2016 and 196 deaths were associated with this infection. The northeast
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region of Brazil had the major number of reported cases,
with more than 86% of total notifications and an incidence
rate of 415.7 cases/100,000 inhabitants (55.7% positive
cases) according to the epidemiological report from the
Brazilian Ministry of Health's. However, the role of distinct
genotypes in the disease severity, prognosis and chronicity
are still not well understood. In addition, it is known that
the identification of mutations in CHIKV has impact in
epidemiological surveillance related to virus infectivity
and vector specificity®.

In 2016, an increase incidence of CHIKF was reported
in Brazil, mainly in the northeast region. A huge increase
in the number of cases was reported in the Alagoas State
in the same year, with the incidence rising from 41.5 in the
previous year to 514.8 cases/100,000 inhabitants, according
to the epidemiological report of the Brazilian Ministry of
Health. In this context, the objective of this study was to
identify the potential CHIKV genotype during the 2016
outbreak in the Alagoas State, northeast Brazil.

This study was approved by the CNS (National
Council of Health of Brazil) resolution N° 466/12 from
the Universidade Federal de Alagoas Research Ethical
Committee (CEP C.A.A.E. 59229716.9.0000.5013).

Patients’ blood samples with suspicion of CHIKV
infection during 2016 were collected at several public
health centers in the Alagoas State, Brazil, and then tested
in the Laboratorio Central de Saude Publica de Alagoas
(LACEN/AL) for genome virus detection by quantitative
reverse transcription polymerase chain reaction (QRT-PCR)
using the specific primer set for the nonstructural protein
NSP4, as previously described'”. In this way, 496 CHIK V-
positive samples were detected from a total of 791 samples
tested, reaching an infection rate of 62.7 %. The peak of
CHIKY positive samples occurred during the rainy months
(Figure 1A), which increases the mosquito population and
virus transmission rate. In this present study, eleven positive
samples collected from February to August 2016 during
the CHIKF outbreak in different cities of the Alagoas State
(Figure 1B) were submitted to phylogenetic analysis.

The viral RNA was extracted from serum of positive
samples using the QIAamp Viral RNA Mini Kit (Qiagen,
Hilden, Germany) following the manufacturer’s protocol.
The reverse transcription was done with ImProm-II
Reverse Transcription System (Promega, Madison,
USA) using the specific primer for the El region
of CHIK/E1-C (5'-GCCTTTGTACACCACGATT)
according the manufacturer’s recommendations. Then,
cDNA was PCR amplified with Pfu DNA Polymerase
(Promega, Madison, USA) and both primers: CHIK/
E1-S (5'-TACCCATTCATGTGGGGC) and CHIK/E1-C
(5'-GCCTTTGTACACCACGATT)'®. PCR amplicon of
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Figure 1 - CHIKV positive samples during the 2016 outbreak
in the Alagoas State. A) Number of CHIKV positive samples
detected by qRT-PCR at the LACEN/AL (left axis) and rainfall
precipitation of Alagoas State (right axis) from January to
December 2016; B) Alagoas State map located in the northeast
of Brazil, showing cities with positive CHIKV samples used in
the genotype identification (n=11) colored in red. The capital
city Maceio is represented by the black dot

294 bp was purified using the High Pure PCR Product
Purification Kit (Roche Diagnostics, Indianapolis, USA)
and DNA sequencing reactions were performed in both
directions using the BigDye Terminator Cycle Sequencing
Ready Reaction on an ABI-Prism 3500 Genetic Analyzer
(both from Applied Biosystems, California, USA). For the
phylogenetic tree based on the E1 partial sequence, the
evolutionary history was inferred using the UPGMA method
with a bootstrap of 500 replications and the evolutionary
distances were computed using the Kimura 2-parameter
method in MEGA7 software. All CHIKV El partial
genome sequences identified in this study were deposited
in NCBI GenBank: accession numbers from MF589165
to MF589175.

Eleven CHIKV-positive samples used for molecular
characterization comprised eight Alagoas cities (Figure 1B)
and were grouped into ECSA genotype clade in the
phylogenetic analysis (Figure 2). Interestingly, the nucleotide
comparative alignment shows that Alagoas samples were
identical to ECSA strains reported in Bahia (2014) and
Sergipe (2016)''#, which border Alagoas State.

To evaluate the sequence identity among samples
obtained from different locations in the Alagoas State,
a nucleotide alignment was performed comparing these
sequences with the first CHIKYV strain isolated in Tanzania
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Figure 2 - Phylogenetic analysis of CHIKV genotype circulating during the 2016 outbreak in the Alagoas State. The CHIKV sequences
from Alagoas analyzed are represented by black circles (n=11). CHIKV strains previously detected in Brazil are marked by blank
circles and all sequences used in the analysis were named with GenBank accession number/Country/Year. The O’nyong nyong

virus was used as outgroup

in 1953 and other CHIKYV strains from different countries
worldwide deposited in GenBank in the last years (Figure 3).
As shown in Figure 3, the partial E1 gene sequence of
Alagoas CHIKYV are identical to each other, except for the
single nucleotide substitution at position 10477 (T>A),
present in the IR095 sample (MF589169). Interestingly,
several nucleotide mutations could be detected in all samples
compared to the Tanzania strain (10249C>A, 10297T>C and
10420A>T). Although several nucleotide mutations were
detected, no amino acid substitutions were observed in the
El region analyzed in the present study.

In conclusion, this study reports the ECSA genotype
during the 2016 CHIKYV outbreak in the Alagoas State,
Brazil, highlighting the need for monitoring the spread of
different genotypes of this emergent virus in the Americas.
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Figure 3 - Nucleotide alignment of Alagoas CHIKV partial E1 sequences compared to CHIKV strains from several worldwide
countries. Nucleotide sequences from Alagoas CHIKV samples (black circles) were compared to ECSA genotypes from different
outbreaks previously reported in the world and the first CHIKV strain isolated from Tanzania in 1953. The Brazilian CHIKV sequences
previously reported in the Sergipe, Bahia and Rio de Janeiro States outbreaks are marked with blank circles

REFERENCES

1. Robinson MC. An epidemic of virus disease in Southern Province,
Tanganyika Territory, in 1952-53. I. Clinical features. Trans R
Soc Trop Med Hyg. 1955;49:28-32.

2. Lumsden WH. An epidemic of virus disease in Southern Province,
Tanganyika Territory, in 1952-53. II. General description and
epidemiology. Trans R Soc Trop Med Hyg. 1955;49:33-57.

3. Kelvin AA. Outbreak of Chikungunya in the Republic of Congo
and the global picture. J Infect Dev Ctries. 2011;5:441-4.

4. LeoYS, Chow AL, Tan LK, Lye DC, Lin L, Ng LC. Chikungunya
outbreak, Singapore, 2008. Emerg Infect Dis. 2009;15:836-7.

5. Mavalankar D, Shastri P, Raman P. Chikungunya epidemic
in India: a major public-health disaster. Lancet Infect Dis.
2007;7:306-7.

6. Wangchuk S, Chinnawirotpisan P, Dorji T, Tobgay T, Dorji T,
Yoon IK, et al. Chikungunya fever outbreak, Bhutan, 2012.
Emerg Infect Dis. 2013;19:1681-4.

7. WuD, Wul, Zhang Q, Zhong H, Ke C, Deng X, et al. Chikungunya
outbreak in Guangdong Province, China, 2010. Emerg Infect
Dis. 2012;18:493-5.

8. Charlys da Costa A, Thézé J, Komninakis SC, Sanz-Duro RL,
Felinto MR, Moura LC, et al. Spread of Chikungunya virus
East/Central/South African genotype in northeast Brazil.
Emerg Infect Dis. 2017;23:1742-4.

9. Zayed A, Awash AA, Esmail MA, Al-Mohamadi HA, Al-Salwai
M, Al-Jasari A, et al. Detection of Chikungunya virus in Aedes
aegypti during 2011 outbreak in Al Hodayda, Yemen. Acta
Trop. 2012;123:62-6.

10. Strauss JH, Strauss EG. The alphaviruses: gene expression,
replication, and evolution. Microbiol Rev. 1994;58:491-562.

Page 4 of 4

11. Wahid B, Ali A, Rafique S, Idrees M. Global expansion of
chikungunya virus: mapping the 64-year history. Int J Infect
Dis. 2017;58:69-76.

12. Leparc-Goffart I, Nougairede A, Cassadou S, Prat C, de
Lamballerie X. Chikungunya in the Americas. Lancet.
2014;383:514.

13. Nunes MR, Faria NR, de Vasconcelos JM, Golding N, Kraemer
MU, de Oliveira LF, et al. Emergence and potential for spread
of Chikungunya virus in Brazil. BMC Med. 2015;13:102.

14. Costa-da-Silva AL, Ioshino RS, Petersen V, Lima AF, Cunha MD,
Wiley MR, et al. First report of naturally infected Aedes aegypti
with chikungunya virus genotype ECSA in the Americas. PLoS
Negl Trop Dis. 2017;11:e0005630.

15. Brasil. Ministério da Sadde. Secretaria de Vigilancia em Satde.
Monitoramento dos casos de dengue, febre de chikungunya e
febre pelo virus Zika até a Semana Epidemioldgica 52, 2016.
Bol Epidemiol. 2017;48:1-11. [cited 2018 Mar 14]. Available
from: http://portalarquivos.saude.gov.br/images/pdf/2017/
abril/06/2017-002-Monitoramento-dos-casos-de-dengue--
febre-de-chikungunya-e-febre-pelo-v--rus-Zika-ate-a-Semana-
Epidemiologica-52--2016.pdf

16. Tsetsarkin KA, Vanlandingham DL, McGee CE, Higgs S. A single
mutation in chikungunya virus affects vector specificity and
epidemic potential. PLoS Pathog. 2007;3:e201.

17. Gregianini TS, Ranieri T, Favreto C, Nunes ZMA, Tumioto
Giannini GL, Sanberg ND, et al. Emerging arboviruses in
Rio Grande do Sul, Brazil: Chikungunya and Zika outbreaks,
2014-2016. Rev Med Virol. 2017;27:€1943.

18. Hasebe F, Parquet MC, Pandey BD, Mathenge EG, Morita K,
Balasubramaniam V, et al. Combined detection and genotyping
of Chikungunya virus by a specific reverse transcription-
polymerase chain reaction. ] Med Virol. 2002;67:370-4.

Rev Inst Med Trop Sao Paulo. 2018;60:¢19


http://portalarquivos.saude.gov.br/images/pdf/2017/abril/06/2017-002-Monitoramento-dos-casos-de-dengue--febre-de-chikungunya-e-febre-pelo-v--rus-Zika-ate-a-Semana-Epidemiologica-52--2016.pdf
http://portalarquivos.saude.gov.br/images/pdf/2017/abril/06/2017-002-Monitoramento-dos-casos-de-dengue--febre-de-chikungunya-e-febre-pelo-v--rus-Zika-ate-a-Semana-Epidemiologica-52--2016.pdf
http://portalarquivos.saude.gov.br/images/pdf/2017/abril/06/2017-002-Monitoramento-dos-casos-de-dengue--febre-de-chikungunya-e-febre-pelo-v--rus-Zika-ate-a-Semana-Epidemiologica-52--2016.pdf
http://portalarquivos.saude.gov.br/images/pdf/2017/abril/06/2017-002-Monitoramento-dos-casos-de-dengue--febre-de-chikungunya-e-febre-pelo-v--rus-Zika-ate-a-Semana-Epidemiologica-52--2016.pdf

	ABSTRACT
	ACKNOWLEDGMENTS
	FINANCIAL SUPPORT
	CONFLICT OF INTERESTS
	AUTHORS’ CONTRIBUTIONS
	REFERENCES

