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Chikungunya virus (CHIKV) was isolated from 12 febrile 
humans in Yucatan, Mexico, in 2015. One patient was co-
infected with dengue virus type 1. Two additional CHIKV 
isolates were obtained from Aedes aegypti mosquitoes 
collected in the homes of patients. Phylogenetic analysis 
showed that the CHIKV isolates belong to the Asian lineage.

Chikungunya virus (CHIKV; family Togaviridae, genus 
Alphavirus) is transmitted to humans by Aedes spp. 

mosquitoes (1,2). The virus is the etiologic agent of chi-
kungunya, an acute febrile illness that is often accompanied 
by debilitating arthralgia. Historically, CHIKV has been 
restricted to the Eastern Hemisphere, but in 2013, the vi-
rus was reported in the Western Hemisphere during a large 
outbreak in the Caribbean region. CHIKV spread rapidly to 
South America, Central America, Mexico, and the United 
States. The Pan American Health Organization estimated 
that >1.7 million suspected and laboratory-confirmed cases 
of chikungunya have occurred in the Western Hemisphere 
(http://www.paho. org/hq/index.php?option=com_topics&
view=readall&cid=5927&Itemid=40931&lang=en).

CHIKV was isolated in Mexico from a patient from 
Jalisco in whom symptoms developed in May 2014 shortly 
after the patient returned from the Caribbean region (3). 
The first autochthonous case was reported in October 2014 
after CHIKV was isolated from a patient in southeast-
ern state of Chiapas (4). CHIKV-infected Aedes aegypti  

mosquitoes and additional chikungunya cases were identi-
fied in Chiapas later in 2014 (5,6). To our knowledge, no 
reports of CHIKV in any other states in Mexico have been 
published. In this study, we tested febrile patients in the 
state of Yucatan and mosquitoes temporally and spatially 
associated with these patients for CHIKV infection.

The Study
We obtained written informed consent from all patients 
who participated in the study or their legal guardians. The 
study population was composed of patients who came to 
hospitals or clinics in Yucatan during August–October 
2015 with chikungunya-like illness. These patients were 
referred to the hematology laboratory at the Hideyo Nogu-
chi Research Center (Merida, Yucatan, Mexico). A patient 
was considered to have chikungunya-like illness if he or 
she had fever and arthralgia. Travel history of each study 
participant was recorded, and any patient who had traveled 
outside Yucatan in the past 30 days before disease onset 
was excluded from the study.

Blood was collected from the cephalic vein of each 
patient, dispensed into a vacutainer tube (BD Diagnostics, 
Franklin Lakes, NJ, USA), and centrifuged. Serum was 
collected and stored at −80°C. Resting mosquitoes were 
collected from the homes of each study participant by us-
ing Centers for Disease Control and Prevention (Atlanta, 
GA, USA) backpack-mounted aspirators. Each house was 
examined once, and collections were made between 9:00 
am and noon. All rooms were inspected, particularly dark 
areas (i.e., underneath furniture, in closets, and in curtains). 
Backyards were also searched, particularly shaded areas 
(i.e., pet homes, tool sheds, and underneath vegetation).

Mosquitoes were transported alive to the laboratory 
and identified on chill tables by using morphologic char-
acteristics (7). Female mosquitoes were sorted into pools 
of <10 and homogenized in phosphate-buffered saline 
(pH 7.2) by using a mortar and pestle. Male mosquitoes 
were discarded.

An aliquot of each serum sample and mosquito ho-
mogenate was filtered and inoculated onto subconfluent 
monolayers of Ae. albopictus (C6/36) cells in 25-cm2 
flasks. Cells were incubated for 7 days at 28°C. Second 
and third blind passages were performed in C6/36 and 
African green monkey kidney (Vero) cells, respectively. 
Vero cells were incubated for 3–7 days at 37°C in an  
atmosphere of 5% CO2. Cells were scraped from flasks 
after each passage and centrifuged at 10,000 × g for 10 
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min at 4°C. Supernatants were collected and stored at 
−80°C. Cell pellets were resuspended in Trizol (Invitro-
gen, Carlsbad, CA, USA), and total RNA was extracted 
following the manufacturer’s instructions.

We analyzed total RNA by using reverse transcrip-
tion PCR (RT-PCR) and CHIKV-specific primers for a 
107-nt region of the nonstructural protein 1 gene (prim-
er sequences available upon request from the authors) 
and dengue virus (DENV)–specific primers for a 511-nt  
region of the capsid–membrane genes of all 4 serotypes (8). 
If DENV RNA was detected, we performed a semi-nested 
RT-PCR with serotype-specific primers. If CHIKV RNA 
was detected, we amplified a 3,744-nt region that spans the 
structural protein genes (capsid-E3-E2-6K-E1) (E, enve-
lope; 6K, membrane-associated peptide) as 2 overlapping 
fragments (primer sequences available upon request from 
the authors).

Complementary DNAs were generated by using Su-
perscript III reverse transcriptase (Invitrogen), and PCRs 
were performed by using Taq polymerase (Invitrogen). 
RT-PCR products were purified by using the Purelink 
Gel Extraction Kit (Invitrogen) and sequenced by using 
a 3730x1 DNA sequencer (Applied Biosystems, Foster 
City, CA, USA).

We isolated CHIKV from 12 (23.5%) of 51 study 
participants. DENV type 1 was also isolated from 1 
CHIKV-positive patient. DENV was readily detected in 
cultured cells after the first blind passage, but its abil-
ity to replicate decreased after subsequent passages, 
presumably because CHIKV outcompeted this slower-
replicating flavivirus.

The most common symptoms in patients infected with 
only CHIKV, in addition to fever, during the first 3 days 
of disease onset were arthralgia (100%), myalgia (100%), 
asthenia (90.9%), and rash (45.5%) (Table). Symptoms of 
the co-infected patient (a 31-year-old woman) included 
headache, myalgia, and rash. Age range of patients infected 
with only CHIKV was 9–59 years (mean age 31 years).

We collected a total of 237 female mosquitoes, and 
all were identified as Ae. aegypti mosquitoes. CHIKV was 
isolated from 2 pools. One pool contained mosquitoes col-
lected in the living room of a 53-year-old patient who had 
a confirmed CHIKV infection. The other pool contained 
mosquitoes collected in bedroom of the co-infected patient. 
DENV was not isolated from any mosquitoes.

The capsid-E3-E2-6K-E1 region of each CHIKV iso-
late was sequenced and submitted to GenBank under ac-
cession nos. KU295117–KU295130. Pairwise alignments 
of the nucleotide and deduced amino acid sequences 
were performed by using Clustal Omega (http://www.ebi.
ac.uk/Tools/ msa/clustalo/). Analysis showed that nucleo-
tide sequences had 99.41%–99.97% identity and amino 
acid sequences 99.44%–100% identity with each other. 
The nucleotide sequence of 1 isolate (GenBank acces-
sion no. KU295121) was aligned with all other CHIKV 
sequences in GenBank and shown to have highest identity 
(99.52%) with the corresponding gene region of CHIKV 
isolates from Panama and El Salvador, followed by an 
identity of 99.49% with isolates from Chiapas, Mexico; 
Guatemala; Puerto Rico; Guyana; and elsewhere in the 
Western Hemisphere. Analysis of deduced amino acid se-
quences showed that mutations associated with increased 
infectivity of Ae. albopictus mosquitoes (E1-A226V 
and E2-L210Q) (9,10) were not present in genomes of  
any isolates.

Complete structural gene sequences of 60 CHIKV iso-
lates, including the 14 isolates from Yucatan, were aligned 
by using MUSCLE (11), and phylogenetic trees were con-
structed by using the neighbor-joining algorithm as imple-
mented in PHYLIP (12) (Figure). We observed 4 lineag-
es, Asian, East/Central/South African, Indian Ocean, and 
West African lineages, which was consistent with results of 
previous studies (1,5). CHIKV isolates from Yucatan be-
longed to the Asian lineage and shared a close phylogenetic 
relationship with other isolates from the Western Hemi-
sphere (Figure). Our isolates formed a nested clade within 
the Asian lineage. However, bootstrap support (0.61) for 
this topologic arrangement was not strong.

Conclusions
We isolated CHIKV from febrile patients and Ae. aegypti 
mosquitoes in Yucatan, Mexico, which provided additional 
evidence that this virus is spreading throughout the Ameri-
cas at an alarming rate. Concurrent isolation of CHIKV and 
DENV from a patient in this study and patients in previous 
studies (14,15) underscores the need for differential diag-
nosis in areas where these viruses co-circulate.
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Table. Signs and symptoms of 12 patients infected with CHIKV 
during the first 3 days of disease onset, Yucatan, Mexico* 

Sign/symptom 

No. (%) patients 

CHIKV infected, n = 11 
Co-infected with 
DENV 1, n = 1 

Arthralgia 11 (100.0) 1 
 Ankles 4 (36.4) 1 
 Knees 11 (100.0) 1 
 Shoulders 0 (0) 0 
 Wrists 11 (100.0) 1 
Asthenia 10 (90.9) 0 
Fever 11 (100.0) 1 
Headache 0 (0) 1 
Myalgia 11 (100.0) 1 
Rash 5 (45.5) 1 
Vomiting 1 (9.1) 0 
*CHIKV, chikungunya virus; DENV 1, dengue virus type 1. 
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Figure. Phylogenetic analysis of chikungunya virus (CHIKV) isolates from Yucatan, Mexico. Analysis was based on a 3,744-nt structural 
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(Environment for Tree Exploration 3) (13). Isolates are identified by GenBank accession number, country, and year isolated. CHIKV 
isolates from the Yucatan are shown in bold. Bootstrap values were generated by using 1,000 repetitions and normalized on a scale 
of 0–1. Bootstrap values for select branches are shown. 6K, membrane-associated peptide; E, envelope; ECSA, East/Central/South 
African lineage; IOL, Indian Ocean lineage.
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In 1757, Fredrik Hasselqvist (a protégé of Carl Linnaeus) first described a mosquito collected in Egypt as 
Culex (Latin for “gnat”) aegypti, noting as the most salient feature the “glistening white” rings on the legs. 

Aedes (Greek for “unpleasant”) aegypti is the principal vector of several human dis-
eases, including chikungunya, dengue, yellow fever, and Zika. Yellow fever virus 
was among the first human viral pathogens to be discovered, and the US Army Yel-
low Fever Commission’s work showing that Ae. aegypti (also known as the “yellow 
fever mosquito”) was the principal vector remains one of the cornerstones of medical 
virology and tropical medicine.

Ae. aegypti arrived in the New World shortly after Europeans, transported on ships, 
where conditions selected for the anthropophilic Ae. aegypti subsp. aegypti. (Forest-
breeding zoophagous Ae. aegypti subsp. formosus are still found in sub-Saharan Africa.) 
From the New World, Ae. aegypti spread across the Pacific to Asia and Australia.

Illustration of Aedes aegypti adult 
mosquito. CDC / James M. Stewart 


