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The first detection of a population of Aedes aegypti in the Atlantic
Forest in the state of Rio de Janeiro, Brazil
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Abstract: Aedes aegypti is almost completely restricted to human-modified
environments, especially urban areas, and rarely invades forests. Ovitraps were utilized
in a reserve (Bom Retiro) in Rio de Janeiro state. Eggs of A. aegypti, genetically not
differentiable from those of urban mosquitoes, were obtained at a location more than
700 m inside the border of the forest and 900 m away from a trail at the entrance to the
forest. The presence of 4. aegypti in a primary forest indicates its ability to adapt to
sylvatic environments in Brazil, suggesting great potential for the transmission of several
arboviruses due to the difficulty in controlling these mosquitoes.
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Short communication

Aedes aegypti aegypti (Linnaeus, 1762), generally termed Aedes aegypti, is easily dif-
ferentiated from 4. aegypti formosus (Walker, 1848), a sylvatic form present only in sub-
Saharan areas. Because of good adaptation to man-made vessels (bottles, tires, water tanks,
etc.), resistance of the eggs to desiccation, and preference for human blood, 4. aegypti has
now become widely distributed in all continents except Antarctica. It was probably trans-
ported to the American continent in water barrels on trading and slave ships.

Considering that 4. aegypti is well adapted to human-modified environments, it has
not shown the ability to disperse to sylvatic environments on the American continent and
has rarely been found close to forest borders in Rio de Janeiro. This is in contrast to Aedes
albopictus (Scuse, 1894), which is widely dispersed (1000 m) in forest environments
(Lourengo-de-Oliveira et al. 2004). Immature forms of 4. aegypti have been listed in nat-
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ural breeding sites on the American continent, mostly on islands; however, their presence
inside forests, far from the forest border, and in human-modified environments has not
been reported.

Chikungunya was recently found in sylvatic environments in Natal (Rio Grande do
Norte) (Ximenes et al. 2020), and Zika in several sylvatic reservoirs in the American con-
tinent (Wastika et al. 2019). Aedes aegypti has been shown to be an efficient urban vector
of several arboviruses (Marcondes and Ximenes 2016) and may also become a vector in
sylvatic environments.

Here, we report the occurrence of 4. aegypti in a preserved forest in the Brazilian state
of Rio de Janeiro, far inside the forest border.

Ethics statement. The permanent license for collecting, capturing and transporting zo-
ological material in the Bom Retiro Natural Heritage Private Reserve (RPPNBR) was
granted by the Secretariat of the Environment and Agriculture (SISBIO) under number
34911-1 and dated 14/06/2012 in all national territory.

Bom Retiro Private Reserve of Natural Patrimony (RPPNBR) is located at the Macaé
basin. The vegetation comprises dense ombrophilous sub-mountain forests, with median
and advanced stages of regeneration, producing a tropical, wet climate. Geographical co-
ordinates of the sampling sites were obtained using a Garmin GPS map (60CS GPS).

Mosquito collections were conducted in October 2015 and February 2016, using ovipo-
sition traps (ovitraps) consisting of lidless, 1 L, matte black pots, with four 2.5x14 cm ply-
wood panels (Eucatex® boards) fastened vertically inside the trap using clips. These plates
were replaced twice a month for examination in the laboratory. Fifteen ovitraps were in-
stalled in trees 2 m above the ground by hoisting the traps up the chosen trees using a nylon
rope. The traps were monitored biweekly. All panels were sequentially numbered, placed
in a humid container, and sent to the Diptera Laboratory of the Oswaldo Cruz Institute.
Plates with mosquito eggs were immersed in transparent trays filled with MilliQ® water
and maintained at 2841°C. To imitate a more natural ecosystem, natural filtered water and
leaf litter were added to the pots. The eggs were reared in the Diptera Laboratory, Oswaldo
Cruz Foundation, and the adults obtained were identified according to previously generated
keys (Consoli and Lourengo-de-Oliveira 1993, 1994).

Molecular analysis. We performed DNA extraction, PCR, and sequencing
mitochondrial markers of 30 specimens of A. aegypti using Cytochrome Oxidase I (Zhao
et al. 2009) (DNA Barcodes 16 and 14 from the urban (Nova Iguassu, Rio de Janeiro) and
sylvatic habitats, respectively) and Cytochrome B (Hebert et al. 2003) (CytB 13 and 17
from the urban and sylvatic habitats, respectively). Only sequences with a PHRED score
above 30 were used in the analysis. A contig assembly was carried out using CodonCode
Aligner (CodonCode Corporation). Local alignments were done using BLAST (Altschul
et al. 1990). All new sequences produced in this study were deposited in GenBank under
accession numbers KU936133 to KU936192.

Nucleotide sequences were aligned using Muscle incorporated with MEGA v. 5.0 [ 13-
rozas]. Phylogenetic relationships among the sequences were inferred using
neighbor-joining algorithms (MEGA v. 5.0) [7]. Aedes albopictus and Ochlerotatus
taeniorhynchus (Wiedemann, 1821) (DNA Barcode) and A. albopictus and Haemagogus
janthinomys (Dyar, 1921) (CytB) were selected as outgroups in the phylogenetic analysis.
Pairwise nucleotide sequence divergences were estimated using K2P distance incorporated
with MEGA v. 5.0 (Tamura et al. 2011).

Genetic diversity. Intrapopulation genetic diversity was assessed in terms of haplotype
and nucleotide diversities, K values (number of genetic groups), and number of
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polymorphic sites using DnaSP v. 4.0 (Rozas et al. 2003). Genetic differentiation was
assessed using the fixation index Fg; (Rozas et al. 2003).

Forty-two adult 4. aegypti were collected from point RPPNBR-4 at the border of the
forest and 778.9 m from point RPPNBR-3. Point RPPNBR-3 was situated 828.9 m from
the border of the village and 928.9 m from where 4. aegypti was found in 2003. Figure 1
illustrates the locality, collection points, and distances between them. In addition, Table 1
shows the abundance of Haemagogus leucocelaenus (Dyar & Shannon, 1924) (474), H.

Table 1. Absolute values (N) of mosquitoes captured in the three areas of study at Bom Retiro Private
Reserve of Natural Patrimony (RPPNBR), Rio de Janeiro, Brazil.

Aedes aegypti 0 0 0 42 0 42

Aedes albopictus 3 7 0 0 0 10

Haemagogus leucocelaenus 0 0 0 422 52 474

Haemagogus janthinomys 0 0 0 6 2 8

Total 3 7 0 470 54 534
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Figure 1. Sites in Bom Retiro Private Reserve of Natural Patrimony (RPPNBR), state of Rio de
Janeiro, Brazil. 1, entry to the reserve, 22°27'19.4"S 42°18'09.5"W; 2, administration of reserve,
22°27'15.4"S; 42°18'02.4"Wi; 3, entry to the forest, 22°27'19.5'S 42°18'01.5"W; 4, positive for Aedes
aegypti, 22°27'14.1"S 42°17'34.9"W; 5, an additional site for trapping more specimens of 4. aegypti,
22°27'19.4"S 42°18'09.5"W.
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janthinomys, and A. albopictus (10) obtained from ovitraps. Traps containing A. aegypti
were situated 790 m from the entrance to the park (Figure 1); the forest is located 830 m
from the nearest quarter of the village and 930 m from where 4. aegypti was found in 2003.

Aedes aegypti collected from the ovitraps could not be differentiated morphologically or
phylogenetically from those collected in the urban environment. The neighbor-joining analy-
sis did not indicate a phylogenetic divergence between the laboratory and sylvatic populations
of A. aegypti, revealing a single clade for A. aegypti when using DNA Barcode and CytB
markers. This result indicates that the urban and sylvatic populations are related evolutionarily.
Genetic distances, as determined by the K2P intraspecific values, ranged between 0 and 1%.
Intrapopulational analyses of A. aegypti specimens revealed a lower level of nucleotide and
haplotype diversities in the laboratory and sylvatic populations (Table 2). In addition, the syl-
vatic and urban populations exhibited no significant genetic differences based on the Fi; this
reflects the absence of genetic divergence between the 4. aegypti populations studied.

In the forest, A. aegypti was found far inside the border of the forest and far away from
the village. The sporadic entry of workers into the forest did not indicate that mosquitoes
were following them and feeding only on human beings. Additional studies on the attraction
to several hosts and blood-feeding sources, and a search for immature forms of 4. aegypti
in natural habitats need to be conducted. The findings in this study emphasize the plasticity
of A. aegypti, which could not be detected by the molecular techniques utilized. The pref-
erence of 4. aegypti for human blood, possibly linked to its paucity in isoleucine, does not
signify a restriction to this type of blood.

Although the number of eggs obtained in the sampling sites of this study was less than
the number found inside the forest reserve, there is a minute possibility that a female could
move from the human-modified environments, several hundreds of meters away, or even be
transported by trucks in the forest, indicating that a population exists in the forest. In the de-
scription of an “artificial tree hole,” A. aegypti was found in the “tropical forest” at E1 Verde,
Puerto Rico, but no details were provided about the forest besides the location of the place
of collection, which was two miles from the nearest village. Mangudo et al. (2015) listed
many natural habitats for immature forms of A. aegypti near houses and in compounds in
Trinidad, but no reference was made to localizations in natural environments.

In Iquitos (Peru), 4. aegypti individuals were found only 10 m from containers with
eggs, while in Puerto Rico, oviposition activity in the gonotrophic cycle covered an urban
area of at least 840 m in diameter. In Kenya, the maximum distance traveled by females
and males every 24 h was 154 m and 113 m, respectively, and flights of greater distances
have been recorded for variable proportions of the populations. Verdonshoot and Besse-
Lototskaya (2012) reviewed the dispersion ability of approximately 100 mosquito species
and considered that of 4. aegypti to be very weak. Of the 5,062 immature forms of 4. ae-
gypti collected from tree holes in the west of Argentina, only nine larvae were found in a

Table 2. Intra-population genetic diversity measures for each sample.

Aedes aegypti (Sylvatic) CytB 17 0.11765 2 2 0.23529  0.00043
Aedes aegypti (Laboratory) 13 0.15385 2 2 0.30769 0.00057
Aedes aegypti (Sylvatic) DNA Barcode 14 027473 6 3 097802 0.00190
Aedes aegypti (Laboratory) 16 032500 4 2 1.30000 0.00252

N: sample size; HD: Haplotypic diversity; NS, Number of polymorphic sites; h, Haplotype; K, average number
of nucleotide difference; n: Nucleotide diversity.
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tree hole in a secondary forest at a distance of 300 m from the urban border (Mangudo et
al. 2015). These and other potential breeding sites in RPPNBR need to be examined.

Our findings on oviposition by 4. aegypti not associated with human beings and human-
modified environments in primary forests in Rio de Janeiro are of serious concern. The
presence of sylvatic populations of potential vectors constitutes an additional risk of trans-
mission of arboviruses from the forest to its adjacent environments. The co-existence of
A. aegypti and A. albopictus, ubiquitous species in Brazil, is certainly important considering
the risk of reintroduction of the yellow fever (YF) virus in cities infested by A. aegypti.
YF, which originally occurred in Africa and was introduced into the American continent
by trading and slave ships, was widely distributed from Baltimore to Argentina. It was con-
trolled in all urban areas but persisted in sylvatic environments and was vectored by Haem-
agogus and Sabethes mosquitoes (Vasconcelos 2003). The presence of 4. aegypti in sylvatic
environments, co-existing with Haemagogus and possibly Sabethes spp., enhances the
chances of the transmission of several arboviruses. Haemagogus leucocelaenus and H. jan-
thinomys, important vectors of the YF virus, had also previously been found in ovitraps
installed in RPPNBR (Alencar et al. unpublished), similar to the results of the present study.

Dengue, with four serotypes occurring in several areas, is transmitted by A. aegypti in
urban areas and thus, the potential emergence of a sylvatic DEN-2 serotype is considered
viable. Sylvatic transmission, reinforced by the findings of H. leucocelaenus infected with
DEN-1 in the state of Bahia and infected sylvatic mammals of several species in French
Guiana, has been suspected on the American continent (Marcondes and Tauil 2011). The
Zika and Chikungunya viruses, recently introduced into Brazil and several American coun-
tries, have several sylvatic vectors, mostly Aedes (Stegomyia) spp., on other continents
(Marcondes and Ximenes 2016). The existence of sylvatic populations of 4. aegypti en-
hances the risk of these viruses adapting to preserved environments and other mosquitoes.
Dengue and Zika viruses have already been found in monkeys in the New World, namely
Puerto Rico and the Brazilian state of Ceard, respectively.

In Brazil, control of dengue transmission through the reduction of 4. aegypti breeding
sites has achieved little success and the occurrence of urban transmissions of YF is con-
sidered a risk in the future. Since 4. aegypti has been mostly restricted to urban areas, its
efficient control in these areas could theoretically reduce the transmission of the dengue
virus and prevent the occurrence of YF. However, if 4. aegypti adapted to sylvatic condi-
tions, as it did in Senegal (Huber et al. 2008), it would be immensely difficult to control
these mosquitoes as well as the circulation of viruses between forests and urban areas.
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