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Nowadays, other recognized Dengue virus (DENV) vector in Asian countries, Aedes (Stegomyia) albopictus
(Skuse), has been detected in more than half of the 5565 Brazilian municipalities. Therefore, the aim of the
present study was to investigate the presence of, and determine the Ae. albopictus’ dynamics influenced
by spatiotemporal characteristics in a dengue-endemic risk city of Belo Horizonte, Minas Gerais State’s
capital. Aedes albopictus were collected across four consecutive DENV transmission seasons from 2010 to
2014. These mosquitoes were caught in three selected districts, which had been reported in the previous
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Epidemic ten years as having high mosquito densities and an elevated concentration of human dengue cases dur-
Population distribution ing epidemic seasons. All field-caught Ae. albopictus was individually processed by real-time RT-PCR, to
Infection rate research the DENV presence. The third season (p <0.05) and the Pampulha district (p <0.05) had the high-

est proportions of field-caught Ae. albopictus, respectively. The second season had the highest proportion
of DENV-infected field-caught females (p <0.05), but there was no difference among the proportions of
DENV-infected Ae. albopictus when comparing the collection in the three districts (p=0.98). Minimum
(p=0.004) and maximum (p <0.0001) temperature were correlated with the field-caught Ae. albopic-
tus in four different periods and districts. In the generalized linear model of Poisson, the field-caught
DENV-infected Ae. albopictus (p=0.005), East district (p=0.003), minimum temperature (p <0.0001) and
relative humidity (p=0.001) remained associated with the total number of human dengue cases. Our
study demonstrated that the number of field-caught DENV-infected Ae. albopictus was inversed corre-
lated with the number of human dengue cases. Our study raises the possibility that the DENV circulating in
mosquitoes Ae. albopictus is happening in non-epidemic periods, showing that this species may be keep-
ing only the presence of the virus in nature. Further long-term studies are necessary to better understand
the role of Ae. albopictus in DENV transmission and or its vectorial competence in Belo Horizonte and in

other endemic cities in Brazil and in the New World countries.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

1. Introduction
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dengue each year and, about 500,000 of them are hospitalized with
dengue hemorrhagic fever, the severe form of the disease. In recent
years, the annual average of dengue cases reported to the World
Health Organization (WHO) has increased dramatically. In 2013,
countries in the Americas reported more than 2.3 million cases
of dengue, with 37,692 cases of severe dengue and 1280 deaths,
resulting in a mortality rate of about 0.05% (PAHO, 2014; WHO,
2014). Brazil reported the majority of the dengue cases during the
last two decades with 1,452,489 cases reported in 2013 (MS, 2015).
Nowadays, dengue virus (DENV) transmission has been reported
in all 27 Brazilian states (MS, 2015). The focus of this study was
the endemic city of Belo Horizonte, capital of Minas Gerais State,
located in southeast Brazil. Belo Horizonte has approximately 2.3
million inhabitants. In 1996, the first dengue cases were confirmed
in the southeastern city of Belo Horizonte. In the following years,
the city has recorded thousands of autochthonous cases of dengue
every year transforming the city in a dengue-endemic risk area.
The recent and worst dengue epidemic in the city history was 2013
with 89,213 cases reported (, 2015).

Understanding the relationship between DENV and mosquito
vectors is critical for epidemiological reasons. The primary dengue
vector in the Americas is the Aedes aegypti mosquito. However, in
recent decades Ae. albopictus, the “Asian Tiger mosquito” native
to Southeast Asia, has invaded most of the Americas, from the
United States to Argentina (Lambrechts et al., 2010). At present, the
colonization of Ae. albopictus has been confirmed in 34 countries
(Kraemer et al., 2015). Aedes albopictus is the main vector of DENV
in rural and semi-urban tropical Asia and has caused small epi-
demics in Europe. This mosquito can also transmit the Flavivirus and
the Alphavirus agents of yellow fever, West Nile and Chikungunya
(Hawley, 1988; Delatte et al., 2008; Paupy et al., 2009; Tomasello
and Schlagenhauf, 2013). Laboratory studies have shown that Ae.
albopictus could be infected with more than 20 types of arboviruses,
drawing attention to its broad vector competence, although its role
in natural transmission is uncertain (Gubler et al., 2001; Vega-Rua
et al.,, 2013). Most relevant for our work, Pessanha et al. (2011)
and Martins et al. (2012) demonstrated the occurrence of DENV-
infected Ae. albopictus larva in Brazilian cities including in the city of
our study. Moreover, studies have shown that Brazilian populations
of Ae. albopictus from both urban and rural areas, are susceptible to
DENV infection in the laboratory (Castro et al., 2004; Fernandes
et al,, 2004).

Government health authority-driven vector control programs
are the only available tools for the control of dengue disease in
much of the endemic world. There are currently no drugs or vac-
cines available to cure or prevent DENV infection in humans. The
presence and the density of the primary vector Ae. aegypti usually
determines the necessity for vector control actions during dengue
epidemics. Oral infection experiments with the four serotypes have
also demonstrated that Asian Ae. albopictus are more susceptible to
DENV infection that the “traditional” vector Ae. aegypti (Rudnick
and Chan, 1965; Richards et al., 2012; Vega-Rua et al., 2013). Even
though Ae. albopictus has successfully invaded much of the Amer-
icas, its role in DENV transmission is not well defined, despite
laboratory studies that have found that Ae. albopictus can be suc-
cessfully infected by all DENV serotypes (Guo et al., 2013; Mutsuo
et al.,, 2014). In contrast to Ae. aegypti, Ae. albopictus is not consid-
ered a target by governmental programs for dengue vector control
in American countries.

Arecent study provided the first geographical distribution of Ae.
albopictus in Brazil at the municipal level with the mosquito being
detected in more than half of all Brazilian municipalities (59.0%)
(Carvalhoetal.,2014). The highest reported HI (house index) values
are in municipalities and states located in the southeast (Carvalho
etal., 2014).Its presence and broad distribution in Brazilian dengue
endemic cities has never been correlated with epidemics. Even

so, the discovery of DENV-infected larvae of Ae. albopictus in the
Brazilian states of Minas Gerais, Pernambuco and Roraima, located
respectively in the southeast, northeast and west of the country,
has drawn attention (Pessanha et al., 2011; Antunes et al., 2014;
Deininger et al., 2014; Villela and Natal, 2014). In 2012, Martins
et al. (2012) found for the first time Ae. albopictus adults infected
with DENV in Fortaleza, the capital city of the northeast State of
Ceard, which has raised the level of concern even further.

The goal of this study was to verify the presence of, and deter-
mine the Ae. albopictus’ dynamics influences by spatiotemporal
characteristics in dengue-endemic risk city of Belo Horizonte, capi-
tal of the State of Minas Gerais. Data for Ae. albopictus were collected
across four consecutive DENV transmission seasons from 2010 to
2014 independently of Ae. aegypti, the primary vector in the New
World. The data presented here illustrates that Ae. albopictus should
be taken into account in future studies aimed at understanding
dengue transmission dynamics and in developing effective strate-
gies for dengue vector control in large urban settings.

2. Methods
2.1. Study area

This research was conducted in the Brazilian city of Belo Hori-
zonte, capital of Minas Gerais State, located at latitude 19°49'01”,
longitude 43°57'21” and altitude 858 m above sea level. The city has
an area of 331,400 km?, with a population of 2,375,151 inhabitants
and population density of 7,167.02 inhab./km? (IBGE, 2014). The
climate is tropical to subtropical with a marked dry season, with
temperatures ranging from 18.0°C to 23.0°C and an annual aver-
age of 21.1°C. Winter is characterized by low temperatures and
little precipitation and summer by high temperatures and rainfall
(PBH, 2015). The DENV transmission season occurs in the summer
and is typified by high relative humidity near to 65.0% with most
of the average annual rainfall of approximately 1500 mm falling
between October and March (INMET, 2016). Aedes albopictus were
caught in three selected districts, which had been reported in the
previous ten years as having high mosquito densities by the City
Health Department and a high concentration of dengue cases dur-
ing epidemic seasons (PBH, 2015). Sixty collection locations were
randomly selected using the MapInfo Professional 2009 version
10.0 (MapInfo®, USA) program based on the city map of selected
districts.

2.2. Mosquito collections

Adult female Ae. albopictus were caught along with other
mosquito species including Ae. aegypti during the DENV trans-
mission seasons (October from one year to May of the following
year) in the four-year study period. There were no collections
in the dry-winter seasons (June to September) when the pres-
ence of mosquitoes is not detectable in the city. BG-Sentinel Full
Version® traps (Biogents AG, Germany) were used to collect adult
host-seeking mosquitoes. The BG-Sentinel trap is considered a gold
standard instrument for the detection, capture and surveillance
of the Ae. albopictus mosquito (Williams et al., 2007; Farajollahi
et al.,, 2009; Werner et al., 2012; Crepeau et al., 2013) including
in Asian countries where this species is the natural main vector
of dengue (Gratz, 2004). A single trap was placed at twenty peri-
domestic locations in each of the three selected districts, making a
total of 60 trap locations for the study. The 60 traps were placed on
Mondays and the mosquitoes were collected in 24 h time-intervals
on Tuesdays, Wednesdays and Thursdays of each week across the
four-year period of this study. On each collection day, mosquitoes
were individually separated into tubes, the collection date, species,
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district, and detailed trap location recorded, and specimens stored
at —70°C for subsequent molecular analyses. All individual field-
caught mosquitoes classified as Ae. albopictus were checked for
their GPS-district location, quantified, visually checked for absence
of blood meal under stereoscope and analyzed for DENV infection
(Gongalves et al., 2014).

2.3. DENV detection by real-time RT-PCR

All field-caught Ae. albopictus were carefully re-checked under
a stereoscope to confirm the species identification and the absence
of blood meal. RNA extraction and DENV detection by real-time RT-
PCR were conducted as previously reported (Goncalves et al., 2014).
In brief, whole bodies of field-caught Ae. albopictus were macerated
individually in 1.5 ml conical tubes in 200 L=1 PBS. After centrifuga-
tion, 140 [f of the supernatant was processed for RNA extraction
using the QIAamp® Viral RNA Mini Kit (Qiagen®, Venlo, Limburgo)
according to the manufacturer’s instructions. DENV detection was
performed by real-time RT-PCR in an ABI Prism 7500 Fast Real Time
PCR machine using the Power SYBR® Green RNA-to-C;™ 1-Step
system (Applied Biosystems, California, USA). The 3’non-coding
region primers, B1-forward (5-AGGACYAGAGGTTAGAGGAGA-3)
and B2-reverse (5-CGYTCTGTGCCTGGAWTGAT-3’), used in this
study were designed based on the study of Leparc-Goffart et al.
(2009) with minor modifications. All analyses were performed in
duplicate and in parallel with standardized samples (to provide
standard curves), positive controls and negative controls. Results
indicative of DENV presence in each mosquito were obtained as
previously described (Goncalves et al., 2014) using a standard curve
and analyzing the melting curve for specificity of the amplified
products (melting point ~78.6°C) and CT of 35, according to rig-
orous criteria from literature for The Minimum Information for
Publication of Quantitative Real-Time PCR Experiments (MIQE)
(Bennett et al., 2002).

2.4. Infection rate and evaluation of relative abundance

The infection rate (IR) was calculated as the proportion (per-
centage) of Ae. albopictus in which DENV was detected by real-time
RT-PCR and it was related to the total quantity of Ae. albopictus
mosquitoes caught in each DENV transmission season and/or each
district. The relative abundance (RA) of Ae. albopictus was calculated
by comparing the number of field-caught Ae. albopictus in distinct
districts. In contrast, the RA of DENV-infected Ae. albopictus was
calculated by comparing the quantity of infected and non-infected
mosquitoes of this species.

2.5. Collection of dengue human cases

The correlation of the number of human cases with infected
field-caught Ae. albopictus was possible due to the information
about confirmed dengue cases collected in the Belo Horizonte Sec-
retary of Health homepage (PBH, 2014). The confirmed human
cases are patients that were clinical diagnosed with dengue but
also had been validated by laboratory diagnosis that is based on
virus isolation and serology following strict rules determined by
the Brazilian Ministry of Health (MS, 2015).

2.6. Climatic factors

Meteorological data for rainfall,temperature (minimum, max-
imum and average) and relative humidity of Belo Horizonte,
were obtained by the daily consultation on the website of the
National Institute of Meteorology (INMET), in the Automatic Sta-
tions Module. Municipal information was fed into the homepage
through the Pampulha Meteorological Station. The information

was accessed by the Internet address [http://www.inmet.gov.
br/sonabra/pg dspDadosCodigo.php?QTUyMQ==] throughout the
study period.

2.7. Statistical analysis

Data were entered into an access database, verified by dou-
ble entry and analyzed using the Statistical Package for Social
Sciences, version 20.0 (SPSS Inc., Chicago, IL) and the GraphPad
Prism Software, version 5.0 (La Jolla, CA, USA). Descriptive statis-
tics were used to provide information regarding the spatiotemporal
variables (rainfall, temperature and relative humidity), demo-
graphic variables (districts), collection season, collected females
and mosquitoes infection by DENV. The Shapiro-Wilk test was
used to evaluate whether the data were normally distributed. The
asymptotic Pearson’s Chi-square test and the Mann-Whitney U
test/Kruskal-Wallis test were used to compare percentages and
medians, respectively.

Poisson regression models were created to quantify the
independent association between the human dengue cases (depen-
dent variable) and the independent variables: grouped into
demographic (districts), spatiotemporal [rainfall, temperature
(minimum, maximum and average), relative humidity], collection
season and field-caught DENV-positive Ae. albopictus. Variables
with p-value <0.20 in the univariate analysis were selected for mul-
tivariate analysis. In each group of variables when more than one
variable had p-value less than 0.20 hierarchical regression mod-
els were created for selection of variables truly associated with
the human dengue cases. Variables with p < 0.05 were included in
the final model of multivariate linear regression. The Deviance was
used to assess the adequacy of the models.

3. Results

3.1. The field-caught Ae. albopictus relative abundance (RA) by
DENV transmission season and by districts

An amount of 511 Ae. albopictus mosquitoes were collected in
the four-year study period. The field-caught Ae. albopictus quan-
tity and percentage across the DENV transmission seasons were
extremely variable: 22.8% (n=117) in the first season, 8.6% (n=44)
in the second season, 39.1% (n=199) in the third season and 29.5%
(n=151) in the fourth season. There was difference in the propor-
tions of field-caught females among the seasons (p = 0.04): the third
had the highest proportion when compared to the second (p <0.05)
(Table 1).

The field-caught Ae. albopictus RA varied by district: 234 (45.9%)
in Pampulha; 99 (19.3%) in the North; and 178 (34.8%) in the East.
There was difference in the proportion of field-caught females
among the districts (p = 0.03): Pampulha had the highest proportion
when compared to the North (p<0.05) (Table 1).

3.2. The field-caught Ae. albopictus infection rate (IR) by DENV
transmission season and by districts

Across the consecutive DENV transmission seasons the DENV-
IR was 15.4% (79 DENV-positive females of the 511 field-caught
Ae. albopictus). However, there was a significant difference in the
proportions of field-caught DENV-infected Ae. albopictus when
assessed season-by-season (p=0.02). The second season had the
highest proportion of positive females when compared to the
fourth season (p<0.05) (Fig. 1A and Table 2). There was no dif-
ference among the proportions of positive females (IR) when
comparing the collection districts (p=0.98) (Fig. 1B and Table 2).
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Table 1
The field-caught Aedes albopictus relative abundance (RA) by seasons and districts.

Collection Season District N (%)

Pampulha’ North East All districts
1st 67 (57.3) 22(18.8) 28(23.9) 117 (100.0)
2nd 17 (38.7) 13(29.5) 14(31.8) 44(100.0)
3rd* 89 (44.8) 49 (24.6) 61(30.6) 199 (100.0)
4th 61 (40.5) 15(9.9) 75 (49.6) 151(100.0)
Total 234 (45.9) 99 (19.3) 178 (34.8) 511 (100.0)
N (%), number and percentage of field-caught Ae. albopictus.
" p=<0.05.
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Fig. 1. Comparison among the IR of Aedes albopictus females (A) by collection seasons and (B) by districts. *p < 0.05.
Table 2
The field-caught Aedes albopictus infection rate (IR) by seasons and districts.
Collection Season District
Pampulha North East All districts
IF/CF (IR%) IF/CF (IR%) IF/CF (IR%) IF/CF (IR%)
1st 14/67 (20.8) 9/22 (40.9) 3/28(10.7) 26/117 (22.2)
2nd 15/17 (88.2) 11/13 (84.6) 11/14 (78.5) 37/44 (84.0)
3rd 3/89(3.3) 4/49 (8.1) 4/61 (6.5) 11/199 (5.5)
4th 1/61(1.6) 0/15 (0.0) 4475 (5.3) 5/151(3.3)
Total 33/234 (14.1) 24/99 (24.2) 22/178 (12.3) 79/511 (15.4)

IF, DENV-infected females; CF, collected females; IR, infection rate (proportion of IF of the CF, multiplied by 100.0%).

3.3. The field-caught Ae. albopictus collected females and climatic
variables

When the climatic factors were evaluated, minimum and max-
imum temperature were correlated with the field-caught Ae.
albopictus collected females (n=511) in four different periods and
districts, respectively (Table 3). Neither the rainfall nor relative
humidity was associated with the field-caught Ae. albopictus col-
lected females (Table 3).

3.4. The field-caught DENV-infected Ae. albopictus and climatic
variables

When the climatic factors were evaluated, none of these vari-
ables were correlated with the field-caught DENV-infected Ae.

albopictus (n=79) in four different periods and districts, respec-
tively (Table 4).

3.5. Multivariate analysis

Variables with p-value<0.20 in the univariate analysis were
selected for the multivariate analysis (Table 4). The field-caught
DENV-infected Ae. albopictus, East district, minimum temperature
and relative humidity remained associated with the total number
of dengue cases in the multivariate analysis (Table 5).

4. Discussion

Currently, Ae. albopictus has been detected in different Brazilian
regions (Carvalho et al., 2014). As a result of industrial expansion,
Ae. albopictus has gradually occupied positions in the urban envi-
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Table 3

Correlation between field-caught Aedes albopictus collected females and climatic variables.
Variables Climatic variable values Ts CI95% p
CF vs. rainfall 0.10 to 91.40 (mm) -0.17 —0.34; 0.01 0.06
CF vs. maximum temperature 18.60 to 34.20 (°C) 0.25 0.08; 0.42 0.004
CF vs. minimum temperature 12.10 to 23.20 (°C) 0.34 0.17; 0.49 <0.0001
CF vs. relative humidity 42.75 to 92.75 (%) -0.13 —0.31; 0.05 0.15

CF, collected females of Ae. albopictus; CI, Confidence interval; vs, versus. Source: Climatic variables National, Institute of Meteorology.

Table 4

Correlation among field-caught DENV-positive Aedes albopictus and human dengue cases and climatic variables.
Variables Climatic variable values T CI95% p
IF vs Rainfall 0.10 to 91.40 (mm) -0.12 -0.29; 0.07 0.20
IF vs Maximum Temperature 18.60 to 34.20 (°C) 0.08 -0.11; 0.26 0.38
[F vs Minimum Temperature 12.10 t0 23,20 (°C) 0.10 —0.084; 0.27 0.27
IF vs Relative humidity 42.75 t0 92.75 (%) 0.12 0.29; 0.07 0.19

IF, infected females of Ae. albopictus; Cl, Confidence interval; vs, versus. Source: Climatic variables, National Institute of Meteorology; Human dengue cases, Belo Horizonte

Secretary of Health.

Table 5
Variables associated with the total number of human dengue cases.

Total of human dengue cases/variables Univariate analysis

Multivariate analysis

PR p PR CI95%-PR | C195%-[1] p
DENV-infected Aedes albopictus females* 0.36 0.0062 0.36 0.17;0.73 1.03 1.75; -0.32 0.005
District
Pampulha 0.85 0.33 - - - - -
North 0.54 0.005* 0.65 0.41; 1.04 0.43 0.89; 0.38 0.07
East* 1.65 0.0032 1.64 1.18;2.29 0.50 0.17;0.83 0.003
Rainfall 1.00 0.92 - - - - -
Minimum temperature® 0.96 0.005? 0.84 0.78; 0.91 -0.17 -0.25; -0.10 <0.0001
Maximum temperature® 0.84 <0.0001° 1.01 0.98; 1.05 0.01 -0.25; 0.05 0.54
Average temperature 0.91 <0.0001° 1.02 0.95; 1.01 0.02 —0.05; 0.09 0.54
Relative humidity 1.02 0.002?2 1.02 1.01; 1.04 0.023 0.01; 0.04 0.001

[f]Beta; CI, Confidence interval; PR, prevalence ratio; *Variables that entered in the multivariate analysis because showed significance level p < 0.20. The Poisson generalized

linear model was adjusted according to the Deviance (P=0.76).

ronment of the large cities, as already established by the Ae. aegypti
species (Pessoa et al., 2013). In the current study, the three dis-
tricts evaluated - Pampulha, North and East — were situated in an
urban area of Belo Horizonte, characterized by high human popu-
lation density and vast human-built features (houses, commercial
buildings, hospitals, schools, paved roads, bridges and municipal
parks). In general, Ae. albopictus is preferentially found in transi-
tional urban-suburban areas that are closer to parks and woodlands
(Rezza, 2012).

In this study, most of the specimens were collected in the third
season and in the Pampulha district. The difference in the amounts
of Ae. albopictus verified among seasons maybe was caused by envi-
ronmental factors such as space organization and climatic variables
as verified by other authors (Lambrechts et al., 2010; Medlock et al.,
2012; Carvalho et al., 2014). Regarding the collection district, it is
observed that Pampulha has one of the largest green areas of the
capital, corresponding to 300,000 m?2, where is situated the Ecolog-
ical Park Promotor Francisco Lins do Rego (IBGE, 2014; PBH, 2015).
In our investigation, the major quantity of Ae. albopictus collected in
all of the three districts evaluated, occurred in traps installed near
green areas during the four collection seasons (data not described
in this article). It is noteworthy that during the fieldwork, inde-
pendently of the districts evaluated, in the first and in the second
seasons, Ae. albopictus specimens were detected only in a few traps.
Conversely, this situation was completely changed in the third and
fourth seasons, when 199 and 151 mosquitoes were captured in
the traps, respectively. Based on the findings described above, some
authors have considered that Ae. albopictus mosquito deserves vig-
ilance. It is crucial to keep in mind that this mosquito can become
a bridge between wild and urban cycles of yellow fever and other

arboviruses in Brazil, considering its ability to be in wild, rural, sub-
urban and urban environments (Consoli and Lourenco-de-Oliveira,
1994; Lambrechts et al., 2010; Medlock et al., 2012).

In addition, climate is considered the main determinant for the
potential distribution of Ae. albopictus (Hawley, 1988). In relation
to the abundance of field-caught Ae. albopictus, in the current study,
there was a positive correlation between the numbers of Ae. albopic-
tus and temperatures values considering the entire study period.
Although there was no significant correlation between the number
of Ae. albopictus collected and the rainfall, a considerable increase
of mosquitoes captured occurred in several moments of this study,
especially after the rain peaks (INMET, 2016). In the second sea-
son, it was identified the lowest density of Ae. albopictus captured.
During this season, the rainfall levels were frequently elevated, sug-
gesting that continuous rains could modify the Ae. albopictus life
cycle (INMET, 2014). The excessive increase of the water level in
mosquito breeding sites, in most natural, typical behavior of Ae.
albopictus, might contribute to the escape of the immature forms
from the containers, and consequently the specimens not complete
their development. Differing of our findings, Glasser and Gomes
(2002) did not observe the rainfall and/or temperature influence
on the Ae. albopictus dispersion, in a study including field samples
of this species in Sdo Paulo State.

In Brazil, the occurrence of human dengue cases is exclusively
attributed to the Ae. aegypti mosquito and the exact role of Ae.
albopictus in the DENV transmission in our country, is not already
defined. In present study, we selected the three districts which
historically had the highest epidemiological impact of dengue epi-
demicsin the city of Belo Horizonte. During the period of the current
study, 48,862 (45.6%) of the total of citywide human dengue cases
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(n=106,961) were identified in the Pampulha, North and East dis-
tricts (PBH, 2014). It should be highlighted that a gradual increase
in the percentage of total human dengue cases was verified in the
third season (84.6%). Concurrently, this season was characterized
by the circulation of serotypes DENV-1 and DENV4 in the city (PBH,
2014).

Regarding the second season, the proportion of field-caught
mosquitoes achieved the lowest value, especially if this period is
compared with the other seasons. On the other hand, the second
season was marked by the highest frequency of DENV-infected Ae.
albopictus females, which achieved the value of 84.0%. Pessanha
et al. (2011) valuating three districts of Belo Horizonte (Central-
South, East and Venda Nova) verified that 50.0% of larvae of Ae.
albopictus were infected by Dengue virus.

In the epidemic episodes, compared with Ae. aegypti
(Lambrechts et al., 2010), Ae. albopictus is considered less effective
as a dengue vector. Conversely, this mosquito was recognized
as the main DENV vector in Japan and Taiwan (1945) (Hotta,
1998) and in Macao and Hawaii (2001) (Almeida et al., 2005).
Additionally, Ae. albopictus has been associated with Chikungunya
virus vector in Central Africa (2007) and Italy (2008) (Bonilauri
et al,, 2008; Pages et al., 2009).

Interestingly, in our study an inverse association between the
number of human dengue cases and field-caught DENV-infected
Ae. albopictus was verified. We speculate that Ae. albopictus would
be a less efficient DENV vector. The role of this mosquito might be
restricted in maintain the Dengue virus circulation in this environ-
ment. Based in this find, only scarce field Brazilian studies were
conducted focusing the role of Ae. albopitcus as a DENV vector
(Rezza, 2012; Mutsuo et al., 2014). Consequently, further inves-
tigations should be developed in order to better understand the
relationship between DENV-infected Ae. albopictus and human
dengue cases.

Conflict of interest

The authors declare that there is no conflict of interest.

Acknowledgements

The authors gratefully acknowledge and dedicate this work to
two recently deceased colleagues for their contribution to under-
standing dengue epidemics in the Americas and their significant
contribution to this study. (1) Jorge Arias a former PAHO-WHO
fellow who established the MS and PhD programs in the National
Institute of Amazon Research — INPA and (2) José Eduardo Marques
Pessanha an epidemiologist who led the Vector Control Program of
the Municipal Health Secretariat of Belo Horizonte.

We acknowledge the major financial support by The Bill &
Melinda Gates Foundation (OPPGH5332) and the funds supple-
mented by the following Brazilian agencies: Foundation of the
Institute Oswaldo Cruz (FIOCRUZ), Strategic Programme for Sup-
porting Health Research (PAPES), Brazilian Council for Scientificand
Technological Development (CNPq), Thematic Progra<gs6>mme
of Support to Centers of Excellence (PRONEX Dengue Network),
</gs6>Science Without Borders Program (project #400704/2014-
5), Brazilian Federal Agency for the Support and Evaluation of
Graduate Education (CAPES), Minas Gerais State Research Sup-
port Foundation (FAPEMIG) and Amazonas State Research Support
Foundation (FAPEAM).

JB, DO, RA, CG, BA carried out the mosquito collections, partic-
ipated in the RNA extraction detections by real-time RT-PCR and
analysis of the infection rate and relative abundance. B, LS, and FM
performed the statistical analysis. PP, NS, BS, SB and DN and partici-
pated in the design of the study and analysis the results. PP, DN and

NS conceived of the study and coordination and helped to draft the
manuscript. All authors read and approved the final manuscript.

References

Almeida, A.P., Baptista, S.S., Sousa, C.A., Novo, M.T., Ramos, H.C,, Panella, N.A,,
Godsey, M., Simdes, M.J., Anselmo, M.L., Komar, N., Mitchell, CJ., Ribeiro, H.,
2005. Bioecology and vectorial capacity of Aedes albopictus (Diptera: culicidae)
in Macao, China, in relation to dengue virus transmission. ]. Med. Entomol. 42,
419-428.

Antunes, M.N,, Silva, C.H., Guimaraes, M.C.S., Rabaco, M.H.L., 2014. Monitoramento
de informag¢do em midias sociais: o e-Monitor Dengue. TransInformagio 26,
9-18.

Bennett, K.E., Olson, K.E., Muiioz, M.L., Fernandez-Salas, 1., Farfan-Ale, ].A., Higgs, S.,
Black, W.C., Beaty, B.J., 2002. Variation in vector competence for dengue 2 virus
among 24 collections of Aedes aegypti from Mexico and the United States. Am.
]. Trop. Med. Hyg. 67, 85-92.

Bonilauri, P., Bellini, R., Calzolari, M., Angelini, R., Venturi, L., Fallacara, F., Cordioli,
P., Angelini, P., Venturelli, C., Merialdi, G., Dottori, M., 2008. Chikungynia virus
in Aedes albopictus, Italy. Emerging Infect. Dis. J. 14, 852-853.

Carvalho, R.G., Louren¢o-de-Oliveira, R., Braga, L.A., 2014. Updating the
geographical distribution and frequency of Aedes albopictus in Brazil with
remarks regarding its range in the Americas. Memoérias do Instituto Oswaldo
Cruz 109, 787-796.

Castro, M.G., Nogueira, R.M.R,, Schatzmayr, H.G., Miagostovich, M.P.,
Lourengo-de-Oliveira, R., 2004. Dengue virus detection by using reverse
transcription-polymerase chain reaction in saliva and progeny of
experimentally infected Aedes albopictus from Brazil. Memérias do Instituto
Oswaldo Cruz 99, 809-814.

Consoli, R., Lourenc¢o-de-Oliveira, R., 1994. Principais Mosquitos De Importancia
Sanitaria No Brasil. Fiocruz, Rio de Janeiro (1994).

Crepeau, T.N., Healy, S.P., Bartlett-Healy, K., Unluy, I, Farajollahi, A., Fonseca, D.M.,
2013. Effects of biogents sentinel trap field placement on capture rates of adult
asian tiger mosquitoes, Aedes albopictus. PLoS One 8, 1-7.

Deininger, L.S.C., Lucena, K.D.T., Figueiredo, D.C.M.M,, Silva, C.C., Oliveira, A.E.C.,
Anjos, U.U., 2014. A sala de situacdo da dengue como ferramenta de gestdo em
saude. Satde Debate 38, 50-56.

Delatte, H., Paupy, C., Dehecq, ].S., Thiria, J., Failloux, A.B., Fontenille, D., 2008.
Aedes albopictus</it>, vecteur des virus du chikungunya et de la dengue a la
Réunion: biologie et contrdle. Parasite 15, 3-13.

Farajollahi, A., Kesavaraju, B., Price, D.C., Williams, G.M., Healy, S.P., Gaugler, R.,
Nelder, M.P., 2009. Field efficacy of BG-sentinel and industry-standard traps
for Aedes albopictus (Diptera: Culicidae) and West Nile virus surveillance. J.
Med. Entomol. 46, 919-925.

Fernandes, Z., Moncayo, A., Forattini, O.P., Weaver, S.C., 2004. Susceptibility of
urban and rural populations of Aedes albopictus from Sao Paulo State, Brazil, to
infection by dengue-1 and -2 viruses. . Med. Entomol. 41, 961-964.

Glasser, C.M., Gomes, A.C., 2002. Clima e sobreposi¢ao da distribuicao de Aedes
aegypti e Aedes albopictus na infestacao do Estado de Sdo Paulo. Revista de
Satide Publica 36, 166-172.

Gongalves, C.M., Melo, F.F., Bezerra, ].M.T., Chaves, B.A,, Silva, B.M,, Silva, L.D,,
Pessanha, E.M,, Arias, J.R., Secundino, N.F.C., Norris, D.E., Pimenta, P.F.P., 2014.
Distinct variation in vector competence among nine fieldpopulations of Aedes
aegypti from a Brazilian dengue-endemic risk city. Parasites Vectors 320, 1-8.

Gratz, N.G., 2004. Critical review of the vector status of Aedes albopictus. Med. Vet.
Entomol. 18, 215-227.

Gubler, D.J., Rieter, P., Ebi, K.L., Yap, W., Nasci, R, Patz, J.A., 2001. Climate variability
and change in the United States: potential impacts on vector- and
rodent-borne diseases. Environ. Health Perspect. 109, 223-233.

Guo, X.X,, Zhu, X, Li, C.X., Dong, Y.D., Zhang, Y.M., Xing, D., Xue, R.D., Qin, C.F.,
Zhao, T.Y., 2013. Vector competence of Aedes albopictus and Aedes aegypti
(Diptera: culicidae) for DEN2-43 and New Guinea C virus strains of dengue 2
virus. Acta Trop. 128, 566-570.

Hawley, W.A., 1988. The biology of Aedes albopictus. J. Am. Mosquito Control
Assoc.n 1, 1-39.

Hotta, S., 1998. Dengue vector mosquitoes in Japan: the role of Aedes albopictus and
Aedes aegypti in the 1942- 1944 dengue epidemics of Japanese Main Islands.
Med. Entomol. Zool. 49, 276-284.

IBGE Instituto Brasileiro de Geografia e Estatistica (IBGE), 2014. Cidades—Belo
Horizonte. http:/fwww.ibge.gov.br/cidadesat/topwindow.htm?1.

Instituto Nacional de Meteorologia (INMET), 2016. Normais Climatolégicas 2016.
http://www.inmet.gov.br/portal/index.php?r=clima/normaisClimatologicas.

Kraemer, M.U.G., Duda, KA., Mylne, A, Shearer, F.M., Brady, O.J., Messina, J.P.,
Barker, C.M., Moore, C.G., Carvalho, R.G., Coelho, G.E., Bortel, W.V., Henderick,
G., Shaffner, F., Wint, G.R.W.,, Igbal, R.F., Teng, HJ., Say, S.I,, 2015. The global
compendium of Aedes aegypti and Ae. albopictus occurrence. Elife 4 (June 30),
e08347.

Lambrechts, L., Scott, T.W., Gubler, D.J., 2010. Consequences of the expanding
global distribution of Aedes albopictus for DENV Transmission. PLoS Negl. Trop.
Dis. 4, 1-9.

Leparc-Goffart, 1., Baragatti, M., Temmam, S., Tuiskunen, A., Moureau, G., Charrel,
R., de Lamballerie, X., 2009. Development and validation of real-time one-step
reverse transcription-PCR for the detection and typing of dengue viruses. J.
Clin. Virol. 45, 61-66.



J.M.T. Bezerra et al. / Acta Tropica 164 (2016) 431-437 437

Ministério da Satde (MS), 2015. Boletim Da Dengue 2015. http://portalsaude.
saude.gov.br/images/pdf/2015/fevereiro/25/2015-006-Boletim-Dengue-SE06-
2015.pdf.

Martins, V.E., Alencar, C.H., Kamimura, M.T., de Carvalho Araiijo, F.M., de Simone,
S.G., Dutra, R.F., Guedes, M.I,, 2012. Occurrence of natural vertical transmission
of dengue-2 and dengue-3 viruses in Aedes aegypti and Aedes albopictus in
fortaleza, ceard, Brazil. PLoS One 7, 41386 http://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3405123/.

Medlock, ].M., Hansford, K.M., Schaffner, F., Versteirt, V., Hendrickx, G., Zeller, H.,
Bortel, W.V., 2012. A review of the invasive mosquitoes in Europe: ecology,
public health risks and control options. Vector-Borne Zoonotic Dis. 12,
435-447.

Mutsuo, K., Osamu, K., Mayuko, Y., Yoshihide, M., Kimio, H., Toshihiko, H., Naoko,
N., Sahiro, Y., Yoshio, T., Kyoko, S., 2014. Retrospective search for dengue
vector mosquito Aedes albopictus in areas visited by a German traveler who
contracted dengue in Japan. Int. ]. Infect. Dis. 26, 135-137.

Pan American Health Organization (PAHO), 2014. Dengue. http://www.paho.org/
hq/index.php?option=com_topics&view=article&id=1&Itemid=40734.

Prefeitura de Belo Horizonte (PBH), 2014. Combate a Dengue. http://portalpbh.
pbh.gov.br/pbh/ecp/comunidade.
do?evento=portlet&pldPlc=ecpTaxonmiaMenuPortal
&app=saude&tax=34838&lang=pt_ BR&pg=5571&taxp=0&.

Prefeitura de Belo Horizonte (PBH), 2015. Combate a Dengue. http://portalpbh.
pbh.gov.br/pbh/ecp/files.do?evento=download&urlArqPlc=boletim-gvsi-
dengue.pdf.

Pages, F., Peyrefitte, C.N., Mve, M.T,, Jarjaval, F., Brisse, S., Iteman, 1., Gravier, P.,
Nkoghe, D., Grandadam, M., 2009. Aedes albopictus mosquito: the main vector
of the 2007 Chikungunya outbreak in Gabon. PLoS One 4, e4691 (http://
journals.plos.org/plosone/article?id=10.1371/journal.pone.0004691).

Paupy, C., Delatte, H., Bagny, L., Corbel, V., Fontenille, D., 2009. Aedes albopictus, an
arbovirus vector: from the darkness to the light. Microbes Infect. 11,
1177-1185.

Pessanha, J.E.M., Caiaffa, W.T., Cecilio, A.B., Iani, F.C.M., Araujo, S.C., Nascimento,
J.C., Kroon, E.G., Proietti, F.A., Arias, J.R., 2011. Cocirculation of two DENV
serotypes in individual and pooled samples of Aedes aegypti and Aedes
albopictus larvae. Rev. Soc. Bras. Med. Trop. 44, 103-105.

Pessoa, M.V.E,, Silveira, D.A., Cavalcante, L.L., Florindo, M., 2013. Aedes albopictus
no Brasil: aspectos ecoldgicos e riscos de transmissdo da dengue.
Entomotropica 28, 75-86.

Rezza, G., 2012. Aedes albopictus and the reemergence of dengue. BMC Public
Health 12, 1-3.

Richards, S.L., Anderson, S.L., Alto, B.W., 2012. Vector competence of Aedes aegypti
and Aedes albopictus (Diptera: culicidae) for dengue virus in the florida keys. J.
Med. Entomol. 49, 942-946.

Rudnick, A., Chan, Y.C,, 1965. Dengue type 2 virus in naturally infected Aedes
albopictus mosquitoes in Singapore. Science 149, 638-639.

Tomasello, D., Schlagenhauf, P., 2013. Chikungunya and dengue autochthonous
cases in Europe, 2007-2012. Travel Med. Infect. Dis. 11, 274-284.

Vega-Rua, A., Zouache, K., Caro, V., Diancourt, L., Delaunay, P., Grandadam, M.,
Failloux, A., 2013. High efficiency of temperate aedes albopictus to transmit
chikungunya and dengue viruses in the southeast of France. PLoS One 18
(http:/fjournals.plos.org/plosone/article?id=10.1371/journal.pone.0059716.).

Villela, E.F.M,, Natal, D., 2014. Midia, satide e poder: um jogo de representacdes
sobre dengue. Satide e sociedade 23, 1007-1017.

World Health Organization (WHO), 2014. Dengue Cases. http://www.wpro.who.
int/mediacentre/factsheets/fs_09032012_Dengue/en/webcite.

Werner, D., Kronefeld, M., Schaffner, F., Kampen, H., 2012. Two invasive mosquito
species, Aedes albopictus and Aedes japonicas japonicus, trapped in
south-west Germany, July to August 2011. Eurosurveillance 2012, 17. http://
www.eurosurveillance.org/ViewArticle.aspx?Articleld=20067.

Williams, C.R,, Long, S.A., Webb, C.E., Bitzhenner, M., Geier, M., Russell, R.C., Ritchie,
S.A., 2007. Aedes aegypti population sampling using BG-Sentinel traps in north
Queensland Australia: statistical considerations for trap deployment and
sampling strategy. ]. Med. Entomol. 44, 345-350.



