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Natural Transmission of Dengue Virus by Aedes albopictus at Monterrey,
Northeastern Mexico

Olga S. Sanchez-Rodriguez', Rosa M. Sanchez-Casas®*®,

Maricela Laguna-AguiIarz, Marcela S. AIvarado-Moreno1, Ewry A. Zarate-Nahon3,
Rocio Ramirez-Jimenezs, Carlos E. Medina de la Garza®, Raul Torres-Zapata1,
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Abstract. Dengue cases occur frequently at Nuevo Leon, Mexico, where Aedes
aegypti (L.) and Ae. albopictus (Skuse) are present. Ae. albopictus is considered
the second vector of dengue. Because it bites humans outdoors during the day, the
mosquito plays an important role in transmission of dengue virus (DENV).
However, no previous studies at Nuevo Leon indicated the role of the mosquito
outdoors. To assess Ae. albopictus for dengue virus, mosquitoes were collected
from April to October 2010 at five localities at Guadalupe and Santiago, Nuevo
Leon, (Northeast) Mexico, by using two methods: engine backpack aspirator and
ovitraps. In total, 1,836 Ae. albopictus and 833 Ae. aegypti mosquitoes were
collected by ovitrap and engine backpack aspirator methods. Groups of mosquitoes
were processed by RT-PCR. Examination for DENV infection of mosquitoes
showed one positive group of four female Ae. albopictus from an ovitrap. This
research provided information that showed transovarial transmission of dengue
virus in Ae. albopictus occurred naturally, maintaining endemic levels of disease at
a study site.

Introduction

Dengue virus (DENV) is the most important mosquito-borne viral disease of
humans in the world (WHO 2009). Approximately 2.5 billion people are at risk for
infection. Dengue is caused by one of four related, but antigenically distinct (Gubler
1988) serotypes (DENV 1-4) and is transmitted mostly by Aedes aegypti (L.) and
Ae. albopictus (Skuse) mosquitoes (Hawley 1988).

Ae. aegypti is the principal vector of the disease in Mexico (Garcia-Rejon et
al. 2008). Ae. albopictus near the Mexico-USA border were first identified in 1988
at Matamoros City. After more than two decades, Ae. albopictus has been reported
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throughout Mexico. Ibafiez-Bernal and Martinez-Campos (1994) documented
finding the species in Coahuila and Veracruz States, Casas-Martinez and Torres-
Estrada (2003) found it in Chiapas, southern Mexico, and Salomon-Grajales et al.
(2012) found it in a cemetery on the Yucatan Peninsula.

Analysis of the ecology of larvae in Nuevo Leon and Coahuila states showed
an overlap of Ae. albopictus with similar Ae. aegypti breeding sites in the home
(Rodriguez-Tovar and Ortega-Martinez 1994, Orta-Pesina et al. 2001). The
behavior was expected because in Southeast Asia, Ae. albopictus is known as a
vector adapted to different environmental conditions. Like Ae. aegypti, it is adapted
to the peridomestic environment where it feeds on humans and other animals
(Hawley 1988). Ae. albopictus eggs can resist desiccation for several months.
Besides natural containers, such as tree holes, plant axils, cut bamboo stumps, and
opened coconuts, which constituted the original larval habitats of the species, Ae.
albopictus larvae use outdoor artificial containers such as water-storage barrels and
trash receptacles (Gubler and Kuno 1997).

Ae. albopictus was first implicated as a vector of dengue in the Philippines in
1926 (Siler et al. 1926). Later it was reported that the vector was susceptible to oral
infection by all four serotypes compared to Ae. aegypti (Rudnick and Chan 1965).
Vertical transmission was demonstrated in the genital chamber of the female as
mature eggs were fertilized during oviposition (Rosen 1988). The importance of
transovarial transmission of dengue virus in nature enables knowing how the virus
is maintained during interepidemic periods. Vertical transmission of dengue has
been experimentally demonstrated in Ae. albopictus (Rosen et al. 1985, Mitchell
and Miller 1990). However, the role of the species as an active DENV transmitter in
the New World is poorly documented.

Many Ae. albopictus mosquitoes were collected in the field during DENV
outbreaks, providing circumstantial evidence that the species might contribute to the
DENV-transmission cycle. Ae. albopictus were more abundant than Ae. aegypti
during an outbreak in Hawaii in 2001-2001 (Effler et al. 2005). Similarly, an
autochthonous dengue outbreak at Key West, FL, in 2010 incriminated Ae. aegypti
mosquitoes with vectoring DENV (MMWR 2010), despite Ae. albopictus being found
at the location (O’Meara at al. 1995). In the outbreak in Puerto Rice in 2010 which
resulted in 21,000 cases of dengue (CDC 2010), Ae. albopictus were frequently
trapped in the field. The role of Ae. albopictus in these outbreaks was not
assessed. The only report of natural field infection by DENV of Ae. albopictus in the
Americas was at Reynosa City, a city bordering Texas. Ibafiez-Bernal et al. (1997)
isolated DENV 2 and DENV 3 from 10 mosquito males. Periodic outbreaks of
dengue occur in northeastern states of Mexico. Although Ae. aegypti is recognized
as the main vector in the area, Ae. albopictus are increasing in number and
invading suburban and rural localities. This study was aimed at determining the
epidemiological significance in transmission of dengue viruses by suburban Ae.
albopictus near the metropolitan area of Monterrey, northeastern Mexico.

Materials and Methods

Study Sites. Field work was done from 30 April to 23 October 2010 at
Santiago (25°24°59.95"’N, 100°09°32.83"0) and Guadalupe (25°41°03.24"N,
100°15°03.78”0) near of the metropolitan Monterrey City area. Locations were
chosen based on abundant mosquitoes, the presence of Ae. albopictus, and
reported cases of dengue (Orta-Pesina et al. 2005). Santiago is south of
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Monterrey, capital city of Nuevo Leon. Santiago has a population of slightly more
than 40,000 people (INEGI 2010), and 59% of the area is forested, 9% is dedicated
to agriculture, and only 1% is urban (Key 19049, 2009). Guadalupe is 20 km north
of Santiago; it covers 0.09% of the surface of Nuevo Leon, with a total population of
678,006 (INEGI 2010). At Guadalupe, 50% of the area is urban, 1% is dedicated to
agriculture, 36% corresponds to forests and bushes, and 1% is pastureland (Key
19026, 2009). Four sampling locations were selected at Santiago: Antonio Villalon,
(25°23'58.70”N, 100°07°28.06”0), a suburban residential zone; a food touristic area
that has all the necessary characteristics for biting activity; Mahuacates
(25°24°43.21"N, 100°10°20.78"0); and the Cemetery at San Marco. Only Rincon
de la Sierra (25°38°16.07”N, 100°11°59.08"0), a foothill and forested residential
settlement, was selected at Guadalupe. Dengue fever is consistently endemic at
both sites although more cases always are reported from Guadalupe. In 2012,
Guadalupe registered 305 cases of dengue fever and 43 of dengue hemorrhagic
fever while Santiago reported 21 cases of dengue fever and two of dengue
hemorrhagic fever (Secretaria de Salud NL 2012).

Collection of Eggs in Ovitraps. One hundred black plastic 500-ml ovitraps
were placed at each of the following sites: Antonio Villalon, San Marco cemetery,
Mahuacates, and Rincon de la Sierra, but in the food area only 20 ovitraps were
placed to collect eggs from Ae. albopictus and Ae. aegypti. Ovitraps were filled to
two-thirds with tap water, and a strip of filter paper was placed inside. Two to four
ovitraps per premise were placed in shaded places in backyards of houses, and
trees, vegetative areas, plant pots, and gardens of the cemetery. After 5 days, the
artificial breeding sites were checked for oviposition by Aedes mosquitoes. Filter
paper stripes were removed and transported to hatch eggs and rear adult
mosquitoes at the insectary of the Medical Entomology Laboratory at the University
of Nuevo Leon (Perez et al. 2004). A chill table (BioQuip, CA) was used while
counting the eggs collected and identifying emerged adults by using a taxonomic
key (Darsie and Ward 2005) to Aedes species. Groups of a maximum of 25
mosquitoes by species, sex, location, and date were put into 2.5-ml Eppendorf
tubes and stored at -80°C for molecular identification of DENV.

Collection of Adult Mosquitoes. Ae. albopictus and Ae. aegypti
mosquitoes were collected using an engine backpack aspirator (Clark and Gubler
1994). Sampling was at outdoor locations of the same study sites. Documented
resting areas such as vegetation and other natural points were targeted because of
the biology of the species (Hawley 1988). Adult mosquitoes were transported in dry
ice to the Medical Entomology Laboratory at the University of Nuevo Leon, Mexico.
A chill table was used while identifying the mosquitoes by taxonomic keys (Darsie
and Ward 2005) and separating them into groups by species, sex, location, and
date collected. Groups of a maximum of 25 mosquitoes were stored at -80°C for
molecular identification of DENV.

Molecular Identification of DENV in Egg-reared and Resting Adult Ae.
albopictus and Ae. aegypti Males and Females. Groups of Aedes species were
processed for DENV identification by RT-PCR. Mosquitoes in Eppendorf tubes
were friturated using a Tissue Ruptor (QIAGEN, Valencia, CA) and 0.6 ml of cold
minimum essential medium (GIBCO BRL) containing 2% fetal bovine serum
(GIBCO BRL). The resulting suspension was added to a QIA shredder column
(QIAGEN), and the columns were centrifuged at 14,000 rpm for 3 minutes at 4°C.
The supernatant was separated into two, 300 ul Eppendorf tubes for RNA
extraction, and the remaining suspensions were stored at -80°C. Virus RNA was
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extracted using an RNeasy kit (QIAGEN). This was followed by RT-PCR. Tests
were done to detect the presence of the virus and serotypes. To obtain a specific
fragment that allowed identification of DENV, we used primers forward D1 and
reverse D2 in the RT-PCR; these cover a region of the capsid (C) and the
premembrane (prM) genes of all DENV serotypes. The expected size of the PCR
band was 511 bp indicating the presence of DENV. This was followed by a nested
PCR that used the same forward primer (D1) and a pooled suspension of reverse
primers, each specific to one DENV serotype. The nested PCR reverse primers
were D1 and TS1, TS2, TS3, and TS4. The final reaction volume was 25 ul, and
samples were processed through an initial course of 5 minutes at 94°C, 40 cycles of
1 minute at 94°C, 60°C for 1 minute, and a final extension cycle of 72°C during 10
minutes (Lanciotti et al. 1992). The sample was run with four positive reference
check strains of DENV1-DENV4 provided by the Regional Research Center “Dr.
Hideyo Noguchi”, Merida, Yucatan, Mexico. For DEN1 strain H15911P5, DEN2:
H17247P4, DEN3: H87, and DEN4: H241, a negative check (PCR reactive), and a
molecular marker @X174, Haelll Digest (BioLabs) were used. Amplification
products were visualized on a 1.5% agarose gel containing ethidium bromide. A
positive result was indicated by the formation of a band during electrophoresis,
which was visualized under ultraviolet light; a negative result was demonstrated by
no band. A positive result was compared with a marker to determine the size of the
base pair. The sizes of the dengue viral base pairs were 490 bp for DEN-1, 230 bp
for DEN-2, 320 bp for DEN-3, and 398 bp for DEN-4 (Lanciotti et al. 1992).

Data Analysis. Analysis of variance was used to calculate whether the
presence of Aedes mosquitoes by collecting method, i.e., ovitrap and engine back
pack aspirator, was statistically different at the five localities (Zar 1999). Tukey’s
test was used to compare paired arithmetic means among localities and Ae.
albopictus/aegypti numbers (SPSS 19.0, SPSS, Chicago, IL).

Results

Ovitraps. In total, 420 ovitraps were placed at the five sampled localities,
although only 409 (97.4%) were recovered, missing were lost. Eggs on filter paper
stripes were found in 358 (87.5%) ovitraps. Most eggs were in traps at R. Sierra
(99%) while fewest ovitraps (77.6%) with eggs were at A. Villalon (Table 1).
ANOVA did not show significant differences among the five localities for Aedes
mosquitoes (F = 5.953, df 4, P < 0.000). In total, 18,571 Aedes eggs were collected
from all localities. Most eggs, 8,551, were collected at R. Sierra, followed by
Mahuacates with 6,128. From the 358 ovitraps only 1,965 (10.6%) eggs were
successfully reared to adults. Mahuacates was the locality with the most adults,
593 (30.2%), while the food site had only 60 (3.1%). For emerged adults, 1,280
(65.1%) eggs produced Ae. albopictus mosquitoes, 698 (35.5%) females and 582
(29.6%) males. Most Ae. albopictus, 586 (29.8%) with 323 (16.4%) females and
263 (13.4%) males, were at Mahuacates. A. Villalon had the fewest Ae. albopictus -
- 16 (0.8%) of which 14 (0.7%) were females and two (0.1%) males. Ae. aegypti
were 34.9% of the emerged mosquitoes. The locality with the most adults reared
was A. Villalon, with 301 (15.3%), while Mahuacates had the fewest, only seven
(0.3%). Of 685 Ae. aegypti total, 320 (16.3%) were females and 365 (18.6%)
males. Most females (143 or 7.3%) and males (158 or 8%) were at A. Villalon. Ae.
albopictus and Ae. aegypti were recorded at the five localities. Both species were
captured in 31 (8.7%) of the 358 ovitraps. R. Sierra had the most ovitraps with both
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species, 16 (4.5%), whereas only one (0.3%) trap each at the food area and
Mahuacates had eggs of both species. Adults reared from the 31 ovitraps produced
496 Aedes (25.2%) mosquitoes. Overall, the ovitrap method was successful in
obtaining more Ae. albopictus (65.1%) than Ae. aegypti (34.9%). Numbers of
emerged adults were similar by sex -- 1,018 (51.8%) females and 947 (48.2%)
males.

Engine Backpack Aspirator. In total, 704 Ae. albopictus and Ae. aegypti
were collected using the engine backpack aspirator, divided as 472 (67%) females
and 232 (33%) males (Table 2). Both species shared outdoor premises at the five
study localities. Most (309 or 43.9%) were caught at Mahuacates, while only 20
(2.8%) were captured at the food area. The total collected were 556 (79%) Ae.
albopictus, 405 (57.5%) females and 151 (21.5) males. Mahuacates had the most
Ae. albopictus, 279 (39.6%) of which 226 were females (32.1%) and 53 (7.5%)
males. R. Sierra had 225 (32.0%) Ae. albopictus, with 147 (20.9%) females and 78
(11.1%) males. No Ae. albopictus was at the food area.

Ae. aegypti collected with the backpack aspirator totaled 148 (21%), of which
67 (9.5%) were females and 81 (11.5%) males. The species was more abundant at
R. Sierra (48 or 6.8%), while the food area had just 20 (2.8%). Thirty female (4.3%)
Ae. aegypti were collected at R. Sierra, while more male Ae. aegypti (25 or 3.6%)
were collected at A. Villalon (Table 2). Results showed the engine backpack
aspirator more effective in catching 556 (79%) Ae. albopictus than 148 (21%) Ae.
aegypti at the five localities. Similarly, we noticed the backpack aspirator captured
more female Aedes (67%) than males (33%). However, ovitraps were a better
method than backpack aspirator to obtain Ae. albopictus and Ae. aegypti at the
study sites.

Detection of Dengue Virus. In total, 144 groups of Aedes mosquitoes were
processed using RT-PCR. Groups ranged from one to 25 mosquitoes. Sixty-eight
adult Ae. albopictus emerged from ovitraps, and 35 were captured by the backpack
aspirator. Ae. aegypti groups from ovitraps were 32, and nine by the backpack
aspirator (Table 3). Only one group of four female Ae. albopictus reared from eggs
to adults obtained at Mahuacates was detected by RT-PCR as positive for DENV.
Thus, vertical or transovarial transmission of DENV was documented for Ae.
albopictus in northeastern Mexico.

Table 3. Female and Male Ae. albopictus and Ae. aegypti Processed by RT-PCR
for Dengue Viral RNA from Five Sites near Monterrey City, Northeast Mexico (April-
October 2010)

Aedes albopictus Aedes aegypti
Ovitraps Backpack aspirator Ovitraps Backpack aspirator
Mean DENV Mean DENV Mean DENV Mean DENV

No. pool positive No. pool positive No. pool positive No. pool positive
Locality pools size pools pools size pools pools size pools pools size pools

A.Villalon 2 563 0 2 1 0 13 223 0 1 25 0

Foodarea 2 134 0 0 O 0 2 165 0 2 10 0
Cementery 16 205 O 4 10.8 0 9 234 O 2 107 O
Mahuacates 30 16.7 1 16 12.8 0 2 35 0 2 137 0

R. Sierra 18 158 0 13 14.2 0 6 208 O 2 232 0

Total 68 1 35 0 32 0 9 0

464



The RNA amplification using primers D1 and D2 showed a band of 511 bp
(Fig. 1). However, the second round of amplification with the type-specific primers
could not determine the serotype of the group.

511 bp

Fig. 1. Amplification by RT-PCR of RNA of Aedes albopictus in an ovitrap group
from Mahuacates, near Monterrey City, NE, Mexico. Lane 1: @X174 molecular size
marker (bp), Lanes 2-5: positive reference checks DENV1-DENV4, Lane 6: RNA
amplification of Ae. albopictus from Santiago, NL, Mexico, Lane 7: negative check
(PCR reactives).

Discussion

We reported in this research the role of Ae. albopictus as a potential vector of
DENV through transovarial infection by females reared to adults from eggs collected
in ovitraps in Mexico. Ae. aegypti and Ae. albopictus overlapped in the sampled
area where dengue occurs year to year. Although RT-PCR and Lanciotti primers
were not able to determine DENV serotypes under laboratory conditions, the
epidemiological scenario with active dengue transmission at the study localities
suggested an Ae. albopictus vector. Mosquitoes caught outdoors were separated
into 103 groups of Ae. albopictus and 41 Ae. aegypti. In the 144 groups, only one
of four female Ae. albopictus was naturally infected with DENV at Mahuacates, near
Monterrey City, Northeast Mexico, in summer 2010. Ae. albopictus was more
susceptible than Ae. aegypti to infection by DENV (Lambrechts et al. 2010) and
dominant at this locality. The group was positive for DENV but the serotype of
dengue was not determined by our experiment. This method with high sensitivity
and specificity is reported to be useful for rapidly detecting dengue virus in its
vector. Vertical transmission of dengue virus has been reported in Aedes vectors
elsewhere. Several surveillance studies suggested vertical transmission occurs at a
low rate (Akbar et al. 2008). Numerous factors affect detection of dengue viruses in
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mosquitoes, including sensitivity of the testing methodologies, proper techniques for
sampling, as well as proper handling of samples (Lambrechts et al. 2010). The
positive group was obtained in summer 2010, which is consistent with studies that
found more transovarial transmission of dengue during the summer (Angel and
Joshi 2008, Lambrechts et al. 2010).

Ae. albopictus and Ae. aegypti develop in artificial containers and can be
common in almost all areas. Often Ae. albopictus displaces Ae. aegypti in
suburban and rural areas, whereas Ae. aegypti is dominant in urban environments
(O'Meara et al. 1995). Ae. albopictus and Ae. aegypti were found at the five
localities in this study. The five localities were on the outskirts of cities, which is
consistent with the biology of Ae. albopictus. This is a tree-hole mosquito, and their
breeding places in nature are small, restricted, shaded bodies of water surrounded
by vegetation. It inhabits densely vegetated rural areas. However, ecological
flexibility allows it to colonize many man-made sites and urban regions. It may
reproduce in man-made containers. Establishment and survival of Ae. albopictus in
non-urbanized areas increase public health concerns for rural areas (Eritja et al.
2005).

Transovarial transmission of DENV has been reported in Aedes mosquitoes
in endemic countries. Natural dengue transmission has been studied. However, in
Mexico Ae. albopictus is not as studied as Ae. aegypti. The finding from this
research is consistent with the results of Ibanez-Bernal et al. (1997) who found Ae.
albopictus naturally infected with dengue at Reynosa, Mexico, the first record in
America. Ae. albopictus was the vector responsible for the 2001 outbreak in Hawaii
(Effler et al. 2005), but Ae. albopictus is considered an inefficient vector of epidemic
dengue because it is less anthropophilic and not as well adapted as Ae. aegypti to
urban domestic environments (Gubler and Kuno 1997).

In conclusion, this study suggested that vertical transmission was occurring
at Mahuacates, maintaining the virus in nature until outbreak season. Also,
mosquitoes could be acting as reservoirs of dengue virus. It is important to
continue this investigation because more information on Ae. albopictus in nature is
needed. We used molecular methods to detect the virus in the vector, which could
be used for a molecular vector surveillance system to monitor the virus in Ae.
albopictus and warn of risk of early onset of disease in unaffected areas.
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