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Abstract.

During a chikungunya fever outbreak in late 2014 in Chiapas, Mexico, entomovirological surveillance was

performed to incriminate the vector(s). In neighborhoods, 75 households with suspected cases were sampled for mos-
quitoes, of which 80% (60) harbored Aedes aegypti and 2.7% (2) Aedes albopictus. A total of 1,170 Ae. aegypti and
three Ae. albopictus was collected and 81 pools were generated. Although none of the Ae. albopictus pools were chikungunya
virus (CHIKV)—positive, 18 Ae. aegypti pools (22.8%) contained CHIKY, yielding an infection rate of 32.3/1,000 mosqui-
toes. A lack of herd immunity in conjunction with high mosquito populations, poor vector control services in this region,
and targeted collections in locations of human cases may explain the high infection rate in this vector. Consistent with
predictions from experimental studies, Ae. aegypti appears to be the principal vector of CHIKV in southern Mexico,

while the role of Ae. albopictus remains unknown.

INTRODUCTION

Chikungunya fever (CHIKF), an emerging arthropod-borne
disease primarily transmitted by Aedes aegypti and Aedes
albopictus mosquitoes, is currently threatening the American
continent. The etiologic agent, chikungunya virus (CHIKV),
is an enveloped positive-sense, nonsegmented, single-stranded
RNA virus in the Togaviridae family, genus Alphavirus.*
CHIKEF is a febrile disease accompanied by disabling poly-
arthralgia (foot, hands, wrists, ankles, and knees) and a gener-
alized rash.? Before 2013, the Americas had only registered
imported cases, most of them in the United States. Then, in
October 2013, CHIKV emerged in the Caribbean island of
Saint Martin.>* Since this introduction, CHIKV has spread
throughout the Caribbean, Central America, and parts of
South America and has caused an estimated 1.6 million
CHIKF cases.” Although the urban vectors Ae. aegypti and
Ae. albopictus have a wide distribution in the Americas and
New World populations of both species are CHIKV transmis-
sion compe‘[ent,6 no direct evidence of the role of either dur-
ing the current epidemic has been presented. Identification
of the mosquito species involved in transmission is critical to
focus vector control efforts. We therefore performed ento-
movirological surveillance to incriminate the primary vector(s)
of CHIKYV transmission during an ongoing outbreak in
Chiapas, Mexico.”

METHODOLOGY

In October 2014, before official announcement of first
autochthonous Mexican CHIKF case on November 7, 2014,”
an unusual febrile outbreak with arthralgia was reported by a
local physician in Ciudad Hidalgo, Chiapas State, and then
confirmed as CHIKF months later.® This small town is located
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near the Mexico-Guatemala border (14°40'45” N 92°08'59" W),
with a population of 12,678 inhabitants. This region is charac-
terized by a tropical climate with its rainy season occurring
during the summer.” From October 1 to 15, 2014, mosquito
collections were carried out in 75 houses, both indoors and
outdoors, using a CDC backpack aspirator. The houses were
selected from San Caralampio, San Juan, 26 de Julio, and 15
de Enero neighborhoods, where a local physician reported
possible cases of CHIKF (acute onset of fever > 38.5°C and
severe arthralgia/arthritis not explained by other medical condi-
tion) (Figure 1).!° Specifically in San Caralampio, a small
neighborhood of two blocks, 44 of 68 houses were sampled.
After obtaining permission, a health technician aspirated dark
and humid places in each house. Mosquitoes were placed into
a cooler with icepacks and transported to the Centro Regional
de Investigacion en Salud Publica, Tapachula, Chiapas.
Mosquitoes were separated by sex and species on a Chill-
Table® (Bioquip, Rancho Dominguez, CA) and later pooled
with 1-20 mosquitoes per pool, and 1-4 pools per house.
Mosquito pools were stored at —75°C, then homogenized in
cell culture medium supplemented with 10% fetal bovine
serum, gentamicin, and fungizone, and centrifuged to remove
mosquito particulates. This supernatant was stored at —80°C.
Viral RNA extraction from each mosquito pool homoge-
nate was performed using the ZR-96 Viral RNA Kit (Zymo
Research, Orange, CA) according to the manufacturer’s proto-
col. To determine the presence of CHIKV RNA, quantita-
tive reverse transcription polymerase chain reaction (QRT-PCR)
was performed in duplicate as previously described'' using
the TagMan® RNA-to-Ct™ 1-Step Kit (Applied Biosystems,
San Francisco, CA) according to the manufacturer’s protocol
using 1 pL of extracted RNA. CHIKYV strain Y011213 RNA
(a 2014 isolate from the Caribbean) was used as a positive
control. West Nile virus RNA isolated from human serum and
a non-template control were used as negative controls.
Cytopathic effect (CPE) assays were used to detect infectious
virus from qRT-PCR-positive mosquito pools. Confluent Vero
cells were inoculated with 100 puL of the supernatant from each
mosquito pool homogenate. Plates were incubated for 4 days
at 37°C with 5% CO, injection in Dulbecco’s modified minimal
essential medium (Gibco, Grand Island, NY) supplemented
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FiGure 1. Study area map from Ciudad Hidalgo, Chiapas, Mexico. Selected neighborhoods for mosquito sampling are framed by a black line.
(A) Approximation to Chiapas State. (B) San Caralampio, a small neighborhood of two blocks, where most of the houses were sampled (44 of 68).

with gentamicin and 2% fetal bovine serum. At the completion
of the incubation period, cells were fixed with 10% formaldehyde
and stained with crystal violet to visualize CPE. CHIKV vac-
cine strain 181/25 was used as positive control and two CHIKV-
negative mosquito pools were used as negative controls.

Viral RNA extracted from each mosquito pool was used to
generate complementary DNA using the SuperScript® III First-
Strand Synthesis Kit (Invitrogen, Waltham, MA) according to
the manufacturer’s protocol. The Phusion® High-Fidelity PCR
Kit (New England Biolabs, Ipswich, MA) was then used to
generate three overlapping PCR amplicons from E1/E2 regions,
which were then purified using the QIAquick® PCR Purifica-
tion Kit (Qiagen, Valencia, CA). Sequences were generated
using a BigDye Terminator v3.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA) and sequenced using an ABI
Prism model 3100 genetic analyzer (Applied Biosystems).
Sequencher v5.0.1 (Gene Codes, Ann Arbor, MI) was used to
edit and assemble the sequences. Primer sequences are avail-
able from the authors on request.

These E1/E2 partial sequences were compared with one
partial sequence from a recent infection in Panama (courtesy
of Jean Paul Carrera) and 27 representative CHIKV samples
containing the complete open reading frames of the genome.
In addition, Mexican CHIKV sequences CHO0008, CH0045,
CHO0072, TAO0031, and LI0006 (Genbank accession nos.:
KT327163, KT327164, KT327165, KT327166, and KT327167%)

were included. The first two Mexican sequences were obtained
from two CHIKV-positive cases from San Juan and San
Caralampio, respectively, in the first 2 weeks of October
2014.% Sequence alignments were performed using MUSCLE
(Drive, Mill Valley, CA).”> A maximum likelihood tree was
reconstructed via PAUP* v4.0b package (Sinauer Associates
Inc., Sunderland, MA)13 based on the best-fit nucleotide sub-
stitution model estimated via MODELTEST v3.7 (Brigham
Young University, Provo, UT).'*

For statistical analysis, pooled rate of mosquito infection by
CHIKV was calculated using maximum likelihood estimation
(MLE) methods for unequal pool sizes. We used PooledInfRate
4.0 software (CDC, Fort Collins, CO) to estimate MLE and 95%
confidence intervals (CI) by bias-corrected MLE methods."
Only for data from San Caralampio, a Mann—Whitney test was
used with Statgraphics 16.1.11 software (StatPoint Technolo-
gies Inc., Warrenton, VA) to compare vector densities per
house between houses with CHIKV-infected mosquitoes
and those with uninfected mosquitoes.

RESULTS

A total of 1,747 mosquitoes were collected, including 1,170
Ae. aegypti (67.0%), three Ae. albopictus (0.2%), 453 Culex
quinquefasciatus (25.9%), and four Culex coronator (0.2%).
Of these, 1,006 were females, consisting of 635 Ae. aegypti
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TaBLE 1
Female Aedes aegypti collections from Ciudad Hidalgo, Chiapas, Mexico, October—December 2014

Mean of female

% Houses with

Median of mosquitoes Median of mosquitoes

Total female Ae. aegypti presence of % Houses with per house with % Houses with per house with
Total Ae. aegypti mosquitoes female Ae. aegypti CHIK V-positive CHIKV-positive CHIKV-negative CHIKV-negative
Neighborhood households mosquitoes per house mosquitoes (1) mosquitoes (1) mosquitoes (CI 95%) mosquitoes (1) mosquitoes (CI 95%)

San Caralampio 44 302 6.9 81.8 (36) 25.0 (11) 8.0 (4.9-21.3) 56.8 (25) 4.0 (12-8.2)
San Juan 13 140 10.8 76.9 (10) 385 (5) 13.0 (3.0-40.0) 385 (5) 8.0 (1.0-14.3)
15 de Enero 10 155 15.5 80.0 (8) 0.0 (0) 0.0 80.0 (8) 11.5 (8.5-24.9)
26 de Julio 8 38 48 75.0 (6) 0.0 (0) 0.0 75.0 (6) 3.5 (1.4-16.3)
Total 75 635 8.5 80.0 (60) 21.3 (16) 8.0 (5.0-13.0) 58.7 (44) 5.0 (3.4-10.0)

CHIKYV = chikungunya virus; CI = confidence interval.

(63.1%), two Ae. albopictus (0.2%), 248 Cx. quinquefasciatus
(24.7%), and four Cx. coronator (0.4%). Female Ae. aegypti
mosquitoes were found in 80% of the sampled households,
with an average of 8.5 females collected per house (Table 1).
In contrast, Ae. albopictus numbers were very low, account-
ing for only three of the collected mosquitoes.

From the 635 Aedes females collected in Ciudad Hidalgo,
79 pools of Ae. aegypti and two Ae. albopictus were tested
by qRT-PCR for CHIKV RNA. Eighteen Ae. aegypti pools
(22.8%) were positive, whereas both of the Ae. albopictus
samples were negative. CPE assays were used to confirm that
infectious virus was also present in 12 of the 18 qRT-PCR-
positive pools. The samples negative for CPE may have had
low amounts of virus that were further reduced by two freeze-
thaw cycles: once to homogenize the pools and another time
to isolate the RNA. One house from San Juan had three of

100

Asian 100

West African 100

the 18 positive pools, therefore, 16 (21.3%) of the 75 houses
harbored CHIK V-infected mosquitoes (Table 1).

Using these data, we determined that the minimum field
infection rate in Ciudad Hidalgo was 32.26/1,000 mosquitoes
(95% CI = 20.06-49.62). There was no significant difference
in the vector density between houses positive or negative for
CHIKV (W = 82.5, P = 0.0594).

Five positive pools were selected for E1/E2 sequencing: two
from San Caralampio, H111-0024 and H111-0026 (Genbank
accession nos.: KT444685 and KT444686, respectively) and
three from San Juan, H111-0033, H111-0043 and H111-0044
(Genbank accession nos.: KT444687, KT444688, and KT444689,
respectively). The sequences were identical to previous CHIKV
sequences isolated from humans during the ongoing CHIKV
outbreak in Ciudad Hidalgo. These sequences belong to the
Asian lineage and were closely related to others from the
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FIGURrE 2. Maximum likelihood phylogenetic tree based on E1/E2 sequences of CHIKYV obtained from Aedes aegypti mosquitoes, October 2014.
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Caribbean and Central America, such as isolates from Panama
(imported from the Caribbean) and the British Virgin Islands
(Figure 2).

CONCLUSIONS

The incrimination of CHIKYV vectors in each regional out-
break plays an important role in vector control services.
Although Ae. aegypti and Ae. albopictus may coexist in
urban environments and use artificial containers as larval
habitats, Ae. albopictus is more abundant in rural and semi-
urban settlements, and its larvae are more localized in natu-
ral environments.'® Knowledge of the vectors involved in
CHIKYV transmission will allow control methods to focus on
urban, semi-urban, and/or rural settlements and target natural
oviposition sites. Our data indicate that Ae. aegypti was the
principal epidemic vector of CHIKV in Suchiate, Chiapas,
based on the following: 1) qRT-PCR and virus isolation data
indicated a high rate of infected vectors temporally and spatially
associated with CHIKF cases® and 2) viral E1/E2 sequences
from mosquitoes and humans from Ciudad Hidalgo were
identical (Figure 2). The high infection rate of 32.26/1,000 mos-
quitoes reported here is similar to those previously reported
in Comoros for Ae. aegypti during a CHIKF epidemic.'” Our
vector density results suggest that the large numbers of females
per house may have not necessary triggered the CHIKYV out-
break in San Caralampio neighborhood. Instead, the outbreak
may have been largely caused by the presence of an immuno-
logically naive population,” and therefore, even low densities
of competent vectors could efficiently spread the virus.

Although few Ae. albopictus mosquitoes were collected,
this species cannot be dismissed as a vector in other parts of
Chiapas State and Mexico. Further collections in rural areas
are needed to investigate this possibility. However, the inability
of the Asian CHIKV genotype to adapt to Ae. albopictus,'
coupled with the lack of known Ae. albopictus-adaptive muta-
tions'®2? in our sequences, suggests that Ae. aegypti was the
principal vector in the locations that we sampled. Inefficient
vector control activities may explain the presence of high den-
sities of Ae. aegypti that were responsible for the CHIKYV out-
break in Ciudad Hidalgo.
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