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Abstract objective To entomologically monitor Aedes spp. and correlate the presence of these vectors with

the recent epidemic of dengue in Divinopolis, Minas Gerais State, Brazil.

methods Ovitraps were installed at 44 points in the city, covering six urban areas, from May 2011

to May 2012. After collection, the eggs were incubated until hatching. In the 4th stage of

development, the larvae were classified as Ae. aegypti or Ae. albopictus.

results In total, 25 633 Aedes spp. eggs were collected. February was the month with the highest

incidence, with 5635 eggs collected and a hatching rate of 46.7%. Ae. aegypti eggs had the highest

hatching rate, at 72.3%, whereas Ae. albopictus eggs had 27.7%. Climate and population density

influenced the number of eggs found. Indicators of vector presence were positively correlated with the

occurrence of dengue cases.

conclusion These data reinforce the need for entomological studies, highlight the relevance of

Ae. albopictus as a possible disease vector and demonstrate its adaptation. Ae. albopictus, most

commonly found in forested areas, comprised a substantial proportion of the urban mosquito

population.
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Introduction

Mosquitoes of the family Culicidae are of great interest

to public health because they are important vectors of

arboviruses that infect humans (Le Goff et al. 2012).

Among the known species within this family, Aedes (Ste-

gomyia) aegypti (Linnaeus 1762) and Aedes (Stegomyia)

albopictus (Skuse 1894) are prevalent due to their high

dispersal ability and adaptation potential. Ae. aegypti

and Ae. albopictus are widely distributed in tropical and

subtropical regions (Kobayashi et al. 2002) and can be

found in urban, suburban and rural areas (Braks et al.

2003; Lambrechts et al. 2010). The spread of Ae. aegypti

and Ae. albopictus is directly related to domestic or

peridomestic conditions offered by human populations

(Braks et al. 2003; Benedict et al. 2007; Tolle 2009).

Ae. aegypti and Ae. albopictus have progressively

adapted to anthropogenic changes to the environment.

These changes have provided alternative blood sources

(domestic animals and human beings) and have produced

accumulations of water that serve as larval habitats

(Paupy et al. 2009). These species have different prefer-

ences for egg laying. Ae. aegypti prefers artificial recepta-

cles containing fresh water in the form of standing water

and with little organic material: tires, cans, potted plants,

boxes containing water, and uncapped barrels and

cisterns. Ae. albopictus can use the same receptacles as

Ae. aegypti, but it prefers natural receptacles such as
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hollow trees, fruit peels and bamboo internodes (Consoli

& Lourenc�o-de-Oliveira 1994; Braga & Valle 2007).

The incidence of Aedes spp. is related to climatic fac-

tors that influence their abundance and distribution.

Under favourable climatic conditions, the mosquitoes

show greater longevity, enabling the females to increase

their blood feeding and egg laying (Padmanabha et al.

2012). Precipitation may also influence the abundance

and distribution of both Ae. aegypti and Ae. albopictus

because the accumulation of water at domestic and peri-

domestic sites can increase the number of artificial and

natural breeding sites for mosquitoes (Chen & Hsieh

2012).

Aedes aegypti is the principal vector of important arb-

oviruses such as Yellow fever virus, Chikungunya virus,

Zika virus, La Crosse virus and the four serotypes of

Dengue virus (DENV1-4) (Simard et al. 2005; Paupy

et al. 2009; Rezza 2012). Laboratory studies have dem-

onstrated the competence of Ae. albopictus to become

infected with and to transmit approximately 26 arbovi-

ruses, including Japanese encephalitis virus, West Nile

virus, Yellow fever virus and Chikungunya virus (Gratz

2004; Ponce et al. 2004). DENV is frequently isolated

from wild-caught mosquitoes, also in Brazil. This demon-

strates the natural vertical transmission of DENV in

Ae. albopictus. However, there is no evidence that

Ae. albopictus is a important urban DENV vector. It has

been suggested that Ae. albopictus may play a role as a

maintenance vector or bridge vector for DENV (Figuei-

redo et al. 2010; Martins et al. 2012). However, the

occurrence of dengue outbreaks in several countries

(parts of China, Seychelles, Japan and Hawaii) where

Ae. aegypti is absent suggests the hypothesis that

Ae. albopictus may be a primary vector for DENV (Gratz

2004).

Dengue epidemics have been known in Brazil since

1846. The first reports, dating from 1916 and 1923,

described outbreaks in the cities of S~ao Paulo (S~ao Paulo

State) and Niteroi (Rio de Janeiro State), respectively

(Pedro 1923; Barreto & Teixeira 2008). The first initia-

tive to fight Ae. aegypti in Brazil occurred at the begin-

ning of the 20th century (Dick et al. 2012). In 1947, the

Pan American Health Organization (PAHO) approved an

Ae. aegypti eradication plan to control urban yellow

fever. This plan included Brazil (PAHO 1947). However,

the deterioration of control programmes in the 1960s led

to the reintroduction of Ae. aegypti in Brazil, and dengue

outbreaks have been reported in the country since 1981

(Schatzmayr et al. 1986). The vector has become wide-

spread in Brazil, and all four DENV serotypes now circu-

late in the country (Nogueira et al. 1991, 2001; Camara

et al. 2007). Brazil has the largest number of dengue

cases in the Americas, and the south-east region has the

largest number of cases in Brazil (San Martin et al.

2010). Thus several urban centres have adopted strategies

to combat dengue (Alencar et al. 2008). The only strat-

egy for reducing the number of dengue cases is to elimi-

nate the vector mosquito (Decker 2012). In 1996,

another programme was launched by Brazilian research-

ers in collaboration with PAHO, but it was not sufficient

to control the DENV vector. In 2002, a new programme,

called Levantamento R�apido do �Indice de Infestac�~ao por

Ae. aegypti (LIRAa) by the Index Infestation Premise

(IIP), was developed by the Brazilian Ministry of Health

through the Dengue Control Program. This new pro-

gramme is able to provide real-time data to structure spe-

cific actions to decrease the prevalence of the vector

(Minist�erio da Sa�ude: FUNASA – Fundac�~ao Nacional de

Sa�ude 2001; Coelho et al. 2008).

Divinopolis is the central municipality of the Midwest

region of Minas Gerais State, south-east Brazil, and has

experienced a considerable increase in the number of den-

gue cases since the first outbreak in 1998. In 2010, the

city had one of the most severe epidemics yet reported,

with 5035 dengue cases recorded. In addition, there have

been reports of yellow fever virus in this region. A decade

ago, an outbreak of yellow fever occurred in the Divinop-

olis macroregion and resulted in nine deaths (SEMUSA

2001).

In 2010, during a dengue outbreak in Divinopolis, data

from LIRAa showed that the average rate of IIP in cer-

tain areas ranged from 4.6% to 5.4%, mandating an

alert because, according to the Ministry of Health, the

desirable IIP is 0.5% to 1%. During the outbreak, 91%

of the properties surveyed showed favourable conditions

for the proliferation of mosquito larvae (SEMUSA 2010).

We conducted an entomological surveillance study

after an epidemic of DENV occurred in Divinopolis in

2010. Our study established a correlation between the

incidence of Aedes spp. and climatic, socio-economic and

demographic measures as well as confirmed dengue cases.

Our entomological survey in Divinopolis is unprece-

dented (in the region) and may contribute to efforts

aimed at controlling and monitoring the spread of DENV

and other pathogens in this area.

Collection area

Divinopolis is located in the south-east region of Brazil;

it has an area of 708 115 km², a population of 226 345

and a Municipal Human Development Index of 0.764.

According to the Institute of Geography and Statistics

(IBGE), the vegetation cover of the area is predominantly

savannah (IBGE 2010).
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Ovitraps (Fay & Perry 1965) were installed at 44

different locations in an urban residential area in Divi-

nopolis from May 2011 to May 2012. The ovitraps

installed were installed in six regions of the city, the

central, north-east, west, north-west, south-east and

south-west, and they were georeferenced with a Global

Positioning System (GPS) (Garmin Dakota 10 & 20 Ser-

ies, Garmin International, Inc. 1200 East 151st Street,

Olathe, Kansas 66062, EE. UU.) (Figure 1). The locations

were defined based on the proportional distribution of

space between the regions in accordance with the size of

each region. Traps were separated by a distance of

250 m, and six to nine traps were distributed in each

region, covering the urban areas of the city.

Each point received three ovitraps in different loca-

tions. Each ovitrap contained three vanes and was sup-

plied with 500 ml of grassy infusion (Panicus maximum)

(Reiter et al. 1991) for 1 week each month. The ovitraps

were installed outdoors in a shaded area on the floor or

hung at a height of more than 1.5 m.

Identification of immature stages of Aedes spp.

Pallets were deposited in plastic vessels containing water

and were covered with a piece of tulle. After 3 days, fish

meal (Gold Fish, Colours Bits Alcon) was added to each

plastic vessel, and vessels were maintained for 6 days in a

biochemical oxygen demand incubator at 26 °C. Larvae
in the L3 and L4 stages were identified (Consoli &

Lourenc�o-de-Oliveira 1994).

Data on the average temperature and rainfall in

Divinopolis from May 2011 to May 2012 were obtained

from the National Institute of Meteorology (INMET)

(INMET 2012).

Eggs deposited in each pallet from ovitraps sampled in

different areas were counted. The number of eggs

counted in the vanes was used to calculate the rate of

infestation according to the ovitrap positivity index

(OPI), the egg density index (EDI) and the median num-

ber of eggs (MNE) per ovitrap, indicating the periods

and the regions of higher and lower levels of female

reproduction (Gomes 1998; Nunes et al. 2011).

Dengue cases

Information on the dengue cases was obtained from the

Secretaria Municipal de Saude de Divin�opolis/MG

(SEMUSA) and Brazil’s Health Ministry – System for the

Reporting of Notifiable Conditions (SINAN) (SINAN

2014). In addition, the population density in each region

of the city and socio-economic data were obtained from

the Brazilian IBGE (IBGE 2010).

Data analysis

Variables such as the average monthly temperature and

precipitation were compared with the number of eggs

collected in each month, using a linear regression. These

relationships were evaluated with a Pearson correlation

test using Stata software (Stata 8.0, USA). The level of

Figure 1 Georeferenced points (red)

cover the six regions of Divinopolis/MG

(central, south-east, south-west, north-

west, north-east and west) as defined by
the second division of the county into

census areas (IBGE 2010).
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significance was set at 5%. OPI, EDI and MNE were also

evaluated for the presence/absence of a correlation

between socio-economic indicators (average income per

household, population density) of the six regions under

study. The linear trend of the OPI by region was evalu-

ated with the south-east as the standard for reference.

Results

Number of eggs per site and entomological date

During the collection period, 1716 traps were installed,

and 25 633 eggs were collected in the six regions studied

(Table 1). The number of eggs collected varied from 9 to

5635, and the mean was 1972. We collected the largest

numbers of eggs in December 2011 and February 2012.

In July 2011, we only obtained 9 eggs (Table 1). The

Central (5635) and West (5303) regions yielded the

largest number of eggs. In contrast, the south-west region

yielded the small number of eggs (1288) and the lowest

MNE per ovitrap (4.13) throughout the study period.

The IPO analysis for linear trend in proportions showed

a difference between regions, with odds ratios ranging

from 1.84 to 5.42 (P < 0.001) (Table 1). The entomolog-

ical indicators (OPI, EDI and MNE) analysed in each

region showed that the presence of the vector varied by

region, with the lowest value in the south-west (Table 1).

The values of the entomological indicators were higher

from December 2011 to February 2012, and the lowest

values occurred in July 2011 (Table 2). We also com-

pared the entomological indicators with the number of

dengue cases by month and with the cumulative number

of cases during the years 2007–2012. We observed a

decrease in the values of all entomological indicators and

Table 1 Entomological indicators (OPI, EDI, MNE) and number of eggs of Aedes spp. collected in ovitraps in various regions of
Divinopolis/MG

Region Number of eggs Inspected Positive OPI (%) EDI MNE

OPI: OR for Linear

trend in proportions*

Central 5635 273 222 81.32 25.38 20.64 5.01

North-west 4595 273 168 61.54 27.35 16.83 1.84

North-east 5042 351 256 72.93 19.70 14.36 3.10
South-east 3770 234 193 82.48 19.53 16.11 5.42

South-west 1288 312 145 46.47 8.88 4.13 1.00

West 5303 273 206 75.46 25.74 19.42 3.54

TOTAL 25 633 1716 1190 69.35 21.54 14.94 –

*Chi-square for linear trend: 112.905 P value < 0.000001.

EDI, egg density index; OPI, Ovitrap positivity index; MNE, median number of eggs.

Table 2 Mean number and total number of eggs, EDI, OPI, MNE and dengue cases by month during study period and cumulatively
by month, 2007–2013

Month/2011–2012
Mean

of eggs

Number

of eggs EDI OPI (%) MNE

Month Dengue

cases/2011–2012
Dengue cases/cumulative

2007–2013

May 187.2 1123 38.7 65.9 25.5 10 1768

Jun 170.8 1025 36.6 63.6 23.3 3 389

Jul 1.5 9 1.3 15.9 0.2 2 46
Aug 83 498 25.9 38.6 10 1 15

Sept 83.8 503 27.4 38.6 10.6 0 3

Oct 154.8 929 37.8 38.6 14.6 1 13

Nov 215.7 1294 56.1 52.3 29.3 0 9
Dec 644.2 3865 113.7 77.3 87.8 3 54

Jan 488.2 2929 94.5 70.5 66.6 6 329

Feb 939.2 5635 113.3 90.9 103 4 909

Mar 531.2 3187 88.4 81.8 72.4 1 3682
Apr 496.7 2980 78.4 86.4 67.7 4 3788

May 276 1656 69 54.6 37.6 4 1768

Total 4272.2 25 633 21.5 69.4 14.9 39 11 005
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in the number of dengue cases in July. In the subsequent

9 months, the entomological indicators increased and the

number of dengue cases followed the same trend

(Table 2).

Influence of climatic conditions

The correlations between the number of eggs of Aedes

spp. and the temperature in the same period and between

the occurrence of rain in the week of installation of the

ovitraps and the number of eggs in the traps are shown

in Figure 2a. The same correlation was also observed in

the hatching data for both species (Figure 2b). Figure 3a

and b shows that a polynomial fit is preferable for both

climatic variables.

Collected eggs vs. data provided by IBGE and SEMUSA

As shown in Table 3, there were few correlations

between the dengue Incidence Coefficient (IC) per region,

for both the study period or the past 7 years, with the

average household income (R = 0.13 and R = 0.17).
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Figure 2 Values of climatic conditions
compared with entomological indices, egg

density index (EDI) and ovitrap positivity

index (OPI) from May 2011 to May 2012
(a). Number of larvae of Ae. aegypti and
Ae. albopictus collected in comparison

with the average temperature and

precipitation (b).
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These two correlations were not statistically significant

(P = 0.81 and P = 0.74, respectively). A low correlation

was also observed between the IC of dengue cases per

region, for both the study period and the past 7 years,

with the population density (R = 0.08, P = 0.87). Like-

wise, a low correlation was observed between the IC of

dengue cases per region, for both the study period and

the past 7 years, compared with the coefficient of cumu-

lative incidence between 2007 and 2013 (R = 0.55,

P = 0.26). The average number of eggs by traps (MNE)

per region was poorly and not statistically significantly

correlated with the IC for the study period (R = 0.42,

P = 0.40). However, the MNE was strongly and statisti-

cally significantly correlated with the 2007–2013 IC

(R = 0.81, P = 0.05).

The geographic thematic map showing the demographic

density of the census tracts and the pattern of eggs col-

lected during the study period illustrate the concentration

of the highest number of eggs in the most densely popu-

lated areas. The largest number of eggs during the study

period occurred in the Central region (Figure 4).

Larval hatching rate and Ae. aegypti or Ae. albopictus

identification

During the 13 months of data collection, 25 645 eggs

were counted, and 46.7% of the larvae hatched, for a

total of 11 976. Of these, 8668 were identified as

Ae. aegypti (72.4% (71.6–73.2%)) and 3308 as Ae. albo-

pictus (27.6% (26.8–28.4%)). Ae. aegypti hatched in

greater numbers from the eggs collected during all

months. The south-west, south-east, north-west and west

regions had the highest percentages of Ae. albopictus.

However, during 3 months (Jul 2011–Sep 2011), Ae. alb-

opictus was not detected in the eggs that hatched

(Figure 5).
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Figure 3 Linear and polynomial
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in relation to the total number of eggs in

the same period.
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The most Ae. aegypti larvae were found in the Central

region, and the fewest in the south-west region. Ae. albo-

pictus larvae were more abundant in the north-west,

south-east and west regions (Figure 6).

Discussion

Our results show that eggs of Aedes spp. are present in

almost all regions of the county year-round, demonstrat-

ing widespread distribution of Aedes spp. in the city. This

broad distribution could explain the occurrence of den-

gue cases throughout Divinopolis.

The results for the entomological indicators (OPI,

EDI and MNE) imply that the Central and West

regions have a larger infestation of Aedes spp. than the

other regions of the county. This finding could be

related to the increased urbanisation and population

density in these areas, which favour the reproduction

of the dengue vector due to the existence of numerous

artificial breeding pools and the ease of blood feeding

Table 3 Mean and standard deviation of socio-economic indicators (values of average income and demographic density); mean by
traps of eggs collected, correlated with the Incidence Coefficient of dengue cases in the same period of egg collection and Incidence

Coefficient of dengue cases in the past 7 years, Divinopolis regions

Region Average income per residence* Demographic density* MNE IC Study period† IC 2007–2013‡

Central 3566.94 � 2262.2 10 361.53 � 4865.2 20.64 80.89 6390.21

North-east 1705.6 � 278.8 4515.1 � 2946.57 14.36 44.37 5269.39

North-west 2265.15 � 510.24 3736.93 � 2242.05 16.83 82.40 4556.82
South-east 1431 � 231.85 4903.3 � 1930.74 16.11 91.77 6128.56

South-west 1811.5 � 307.5 4116.16 � 3264.91 4.13 60.86 3801.48

West 1820 � 420.9 5751.67 � 2637.64 19.42 290.09 7225.09

Study period R = 0.13 R = 0.08 R = 0.42
Pearson’s correlation P = 0.81 P = 0.87 P = 0.40

2007–2013 R = 0.17 R = 0.55 R = 0.81

Pearson’s correlation P = 0.74 P = 0.26 P = 0.05

*Information provided by IBGE.

†Information provided by SEMUSA.

‡Information provided by SINAN.

Figure 4 Population density (hab/km²)
per census tract in the urban region of

Divinopolis and egg density at points with

ovitraps.
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(IBGE 2010; Khormi & Kumar 2011). Moreover, the

observed seasonality of the presence of vectors is con-

current with the seasonality of cases, which occur prin-

cipally during hot periods (Morin et al. 2013). In our

study, entomological indicators and human cases were

in complete agreement. Because the period of the great-

est heat in Brazil extends beyond the summer months,

the entomological indicators increased from August to

April.

The association with rainfall described by Pessanha

et al. (2011) suggests that rainfall provided physical and

climatic conditions favourable to the development of eggs

and to the increased survival of the mosquito. However,

extreme rainfall conditions are not associated with vector

presence over time, as the relationship between vector

presence and rainfall is best described by a polynomial

curve (Figure 3a). This pattern may result from the elimi-

nation of larvae from overflowing containers.
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In our study, the presence of the vector was

significantly influenced by temperature variation

(P < 0.05) as expressed in terms of the mean of minimum

temperature. This relationship has also been reported by

Carvalho-Leandro et al. (2010). The highest values were

recorded from December 2011 to April 2012, coinciding

with the highest average temperatures occurring during

the analysed period. A nonlinear relationship was

observed, and the number of eggs increased exponentially

with the minimum temperature. The higher temperatures

provided better conditions for mosquito breeding (Farnesi

et al. 2009; Chen & Hsieh 2012) and, consequently, a

greater probability of transmitting DENV. Temperature

influences the blood feeding of females and accelerates

the development of mosquitoes, reducing the extrinsic

incubation period of the virus and increasing the longev-

ity of the mosquito (Pessanha et al. 2011). 11 976 larvae

hatched from the more than 25 000 eggs collected, result-

ing in a hatching rate of 47%, close to the 55% rate

found by Pessanha et al. (2011) in Belo Horizonte. The

larvae were hatched under controlled conditions with an

average temperature of 25 °C. This temperature was

selected in view of the influence of temperature on hatch-

ing (Silva & Silva 1999).

We observed a predominance of Ae. aegypti in all

months, especially in the colder and drier months of

August and September 2011. Ae. albopictus was not

observed during these months. This species was originally

an inhabitant of wild areas but has become an urban spe-

cies in recent years, adapting to environments previously

inhabited only by Ae. aegypti and producing niche

overlap between the two species (San Martin et al.

2010). Our data are consistent with the results of Hono-

rio et al. (2009), who observed a higher abundance of

Ae. albopictus (59%) than Ae. aegypti (41%) in forest

areas of Rio de Janeiro. These data show the importance

of further study of the behaviour and adaptation of

Ae. albopictus, as this species is a potential disease vector

(Gratz 2004; Alencar et al. 2008; Paupy et al. 2009).

However, Ae. albopictus still preserves behaviour pat-

terns used in its wild habitats, such as the use of perido-

mestic breeding and oviposition. These behaviours make

it more vulnerable to rainfall and more likely to live in

less urbanised places. This latter characteristic is reflected

by the higher prevalence of Ae. albopictus in the traps

located in the less deforested areas of Divinopolis: the

north-west, south-east and west. The presence of Ae. alb-

opictus in wooded areas in Brazil has also been noted by

other authors, such as Prophiro et al. (2011) and Hono-

rio et al. (2009).

Effective dengue control has seldom been achieved in

recent decades (Schaffner et al. 2013). Therefore, it is

necessary to develop new and innovative approaches for

the effective control of the species. Lambrechts et al.

(2010) concluded that Ae. albopictus most likely contin-

ues to spread globally regardless of efforts to prevent its

expansion. Additionally, Ae. albopictus transmits other

arboviruses and can be considered a secondary dengue

vector (Thenmozhi et al. 2007; Alencar et al. 2008;

Paupy et al. 2009; Lambrechts et al. 2010). In Esp�ırito

Santo State, Degallier et al. (2003) did not isolate DENV

from male or female mosquitoes bred from immature
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stages. This result suggests that vertical transmission most

likely did not occur during the final phase of this epi-

demic. However, the author advises that such results do

not exclude the possibility that this mosquito may

become an efficient vector of dengue and other arbovirus-

es in the future. Other recent studies have also isolated

DENV from Aedes spp. mosquitoes. For example, DENV

was isolated by Figueiredo et al. (2010) from Ae. albo-

pictus collected in the city of Santos (SP) and by Pessanha

et al. (2011). More recently, Martins et al. (2012), in a

study conducted in the city of Fortaleza (CE), isolated

serotypes 2 and 3 from Ae. albopictus larvae and pupae

collected in an urban area. Thus, this study highlights the

need to control both vectors, not only Ae. aegypti. In

general, however, control measures are currently only

applied to Ae. aegypti (Thenmozhi et al. 2007; Alencar

et al. 2008; Paupy et al. 2009; Erickson et al. 2010;

Brady et al. 2014).

The average household income showed a low correla-

tion with the presence of eggs of Aedes spp. The popula-

tion density did not influence the presence and

oviposition rate of mosquitoes, a result that differs from

the findings of previous studies. Population density has

been associated with mosquito density by other authors,

that is the more inhabitants per square kilometre (hab/

km²), the more infested the region is likely to be Reiter

and Gubler (1997). In locations with a highly concen-

trated human population, female mosquitoes have diverse

artificial breeding locations and numerous food sources

at their disposal (Nunes et al. 2011). The good correla-

tion between the presence of vectors in ovitraps and

accumulated dengue incidence by region (2007–2013)
agrees with the findings of other studies and suggests

that the presence of vectors in ovitraps may represent a

good predictor of future dengue outbreaks (Chadee

2009).

Conclusions

Our results show direct correlations between tempera-

ture, precipitation and urbanised areas and the vector

density. Moreover, the rates of occurrence of Ae. albopic-

tus in Divinopolis are high, with seasonal and spatial

variations in the distribution of Ae. aegypti and Ae. albo-

pictus. In particular, the number and local prevalence of

Ae. albopictus increased beyond the expected levels, con-

sistent with the results of previous reports worldwide.

These data suggest that Ae. albopictus are distributed dif-

ferently in urban and forest habitats and that both species

could be highly abundant in transitional areas that have

both urban and peri-urban characteristics. In this study,

Ae. aegypti were found to be predominant, corroborating

previous reports of dengue epidemics in many parts of

Brazil, elsewhere in the Americas and in other countries.
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Padmanabha H, Correa F, Legros M et al. (2012) An

eco-physiological model of the impact of temperature on

Aedes aegypti life history traits. Journal of Insect Physiology

58, 1597–1608.

PAHO (1947) Pan American Health Organization. I Direct

Council of the Pan American Health Organization. Resolution

CD1.R1. Continental Aedes aegypti eradication. Available at:

http://www.paho.org/English/GOV/CD/ftcd_1.htm#R1.

[Accessed in August 28, 2014].

Paupy C, Delatte H, Bagny L et al. (2009) Aedes albopictus, an

arbovirus vector: from the darkness to the light. Microbes and

Infection 11, 1177–1185.
Pedro A (1923) O dengue em Nictheroy. Brazil-M�edico 13,

173–177.
Pessanha JEM, Caiaffa WT, Cecilio AB et al. (2011) Cocirculation

of two dengue virus serotypes in individual and pooled samples

of Aedes aegypti and Aedes albopictus larvae. Revista da Socied-

ade Brasileira de Medicina Tropical 44, 103–105.
Ponce G, Flores AE, Badii MH et al. (2004) Bionom�ıa de Aedes

albopictus (Skuse). Revista Salud P�ublica y Nutrici�on 5, 1–11.
Prophiro JS, Silva OS, Luna JED et al. (2011) Aedes aegypti and

Aedes albopictus (Diptera: Culicidae): coexistence and suscep-

tibility to temephos, in municipalities with occurrence of den-

gue and differentiated characteristics of urbanization. Revista

da Socidade Brasileira de Medicina Tropical 44, 300–305.

Reiter P & Gubler DJ (1997). Surveillance and control of urban

dengue vectors. In: Dengue and Dengue Hemorrhagic Fever.

(eds DJ Gubler & G Kuno) CAB International, New York,

NY, pp. 425–462.

Reiter P, Amador MA & Colon N (1991) Enhancement of the

CDC ovitrap with hay infusions for daily monitoring of Aedes

aegypti populations. Journal of the American Mosquito Con-

trol Association 7, 52–55.

Rezza G (2012) Aedes albopictus and the reemergence of Den-

gue. BMC Public Health 12, 72.

San Martin JL, Brathwaite O, Zambrano B et al. (2010) The epi-

demiology of dengue in the americas over the last three dec-

ades: a worrisome reality. The American Journal of Tropical

Medicine and Hygiene 82, 128–135.

Schaffner F, Medlock JM & Bortel WV (2013) Public health sig-

nificance of invasive mosquitoes in Europe. Clinical and

Microbiology Infection 19, 685–692.

© 2014 John Wiley & Sons Ltd 87

Tropical Medicine and International Health volume 20 no 1 pp 77–88 january 2015

M. F. da Rocha Taranto et al. Seasonal, geographic and climatic Aedes spp. distribution



Schatzmayr HG, Nogueira RMR & Rosa APAT (1986) An out-

break of dengue v�ırus at Rio de Janeiro. Mem�orias do Institu-

to Oswaldo Cruz 81, 245–246.
SEMUSA (2001) Secretaria Municipal de Sa�ude de Divin�opolis/

MG. Boletim Epidemiol�ogico.

SEMUSA (2010) Secretaria Municipal de Sa�ude de Divin�opolis/

MG. Boletim Epidemiol�ogico.

Silva HHG& Silva IG (1999) Influência do per�ıodo de quiescência

dos ovos sobre o ciclo de vida de Aedes aegypti (Linnaeus,

1762) (Diptera, Culicidae) em condic�~oes de laborat�orio. Revista
da Sociedade Brasileira de Medicina Tropical 32, 349–355.

Simard F, Nchoutpouen E, Toto JC & Fontenille D (2005)

Geographic distribution and breeding site preference of Aedes

albopictus and Aedes aegypti (Diptera: Culicidae) in

Cameroon, Central Africa. Journal of Medical Entomololgy

42, 726–731.
SINAN (2014) System for the Reporting of Notifiable Condi-

tions. Available at: http://dtr2004.saude.gov.br/sinanweb/

tabnet/dh?sinannet/dengue/bases/denguebrnet.def. [Accessed in

March 13, 2014].

Thenmozhi V, Hiriyan JG & Tewari SC (2007) Natural vertical

transmission of Dengue Virus in Aedes albopictus (Diptera:

Culicidae) in Kerala, a Southern Indian State. Japanese Journal

of Infectious Diseases 60, 245–249.
Tolle MA (2009) Mosquito-borne diseases. Current Problems in

Pediatric and Adolescent Health Care 39, 97–140.

Corresponding Author Jaqueline Maria Siqueira Ferreira, Laborat�orio de Microbiologia, Campus Centro Oeste Dona Lindu/ Uni-

versidade Federal de S~ao Jo~ao del-Rei, Rua Sebasti~ao Gonc�alves Coelho 400, Divinopolis 35501-293, Minas Gerais, Brazil.

Tel.: +55 37 3221-1584/ 55 37 8813-1232; Fax: +55 37 3221-1352; E-mails: jaque@ufsj.edu.br; jackmaria4@gmail.com

88 © 2014 John Wiley & Sons Ltd

Tropical Medicine and International Health volume 20 no 1 pp 77–88 january 2015

M. F. da Rocha Taranto et al. Seasonal, geographic and climatic Aedes spp. distribution


