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Abstract

Arboviruses are arthropod-dependent viruses to complete their zoonotic cycle. Among the
transmitting arthropods, culicids stand out, which participate in the cycle of several arbovi-
ruses that can affect humans. The present study aimed to identify species of culicidae and
to point out the risk of circulation, emergency, or reemergence of pathogenic arboviruses to
humans in the region of the Jequitiba headquarters of the Parque Estadual dos Trés Picos
(PETP), in Cachoeiras de Macacu, state of Rio de Janeiro, Brazil. Sampling was carried out
at five Sample Points (SP) demarcated on trails from the headquarters, with CDC light
traps, HP model with dry ice attached to the side, for 48 hours of activity each month. Addi-
tionally, active catches were made with a castro catcher in the period of one hour per day in
the field, from six to eleven o’clock in the morning, in each PM. After the captures, thematic
map was assembled using the ArcGIS 10 software and performing a multidimensional scal-
ing (MDS). A total of 1151 specimens were captured and the presence of culicids already
incriminated as vectors of arboviruses circulating in the region was observed: Aedes fluviati-
lis Lutz, 1904 (71 specimens); Aedes scapularis Rondani, 1848 (55 specimens); Haemago-
gus leococelaenus Dyar and Shannon, 1924 (29 specimens). In addition to the subgenus
Culex (culex) spp. (163 specimens). In this sense, we highlight the importance of strength-
ening the actions of continuous entomological surveillance of the emergence and re-emer-
gence of new arboviruses in ecotourism visitation parks.

Introduction

Mosquitoes have a cosmopolitan distribution and are vectors of human and animal pathogens
of global occurrence. In Brazil, they are incriminated as transmitters of four main arboviruses
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with mandatory notification in: dengue, zika, chikungunya and yellow fever [1-3]. Among the
culicids already incriminated as transmitters of arboviruses to man, in urban and peri-urban
areas, mosquitoes belonging to the genus Aedes stands out, in view of the direct incrimination
of the species Aedes aegypti Linnaeus, 1762 and Aedes albopictus Skuse, 1894 as transmitters of
these mandatory reporting arboviruses [4-7]

According to the epidemiological bulletin of arboviroses N°001 / 2018, the incidence rates
of probable cases per 100 thousand inhabitants, for dengue, zika and chukungunya decreased,
when comparing the years 2016 with the year 2017 in the state of Rio de Janeiro [8]. The yellow
fever virus, on the other hand, showed great highlights between the years 2016 to 2017, with
the expressive increase of cases and the occurrence in places where for a long time it was not
notified [9, 10]. In the state of Rio de Janeiro there were 779 confirmed cases and 262 deaths
for the period from July / 2016 to June / 2017 according to Epidemiological Report 084/2017
[11]. Presenting in the period from 2017 to 2018 a dispersion along the Brazilian east coast of
the Atlantic Forest biome, where the characteristics of the fauna of vectors and primates
favored the dispersion of the virus where there were no cases recorded for decades [12].

In nature, arboviruses maintain a complete and restricted zoonotic cycle between wild mos-
quitoes and wild animals [1, 2]. However, there may be human insertion in this dynamic due
to exposure caused by anthropic changes in the environment, the frequency in protected areas
for ecotourism activities or other profit-making activities, and even the presence of homes,
providing contact with females of infected wild mosquitoes. In this contact with the wild
cycles, man can become infected, becoming a source of infection for urban mosquitoes, favor-
ing the emergence of urban cycles of these diseases [2].

Understanding the ecology of vector mosquito species is of paramount importance for later
understand the dynamics of the transmission of these arboviruses to man [13]. In addition, the
identification of culicidae fauna in ecotourism regions allows speculation about the possible
transmission cycles that may occur in these areas or even be introduced or reintroduced, and
to seek alternatives for the prevention of the emergence of these diseases to the local and visit-
ing human community.

Thus, the present study aims to understand the distribution of the fauna of culecidae pres-
ent in the Trés Picos State Park (PETP), located in the municipality of Cachoeiras de Macacu,
state of Rio de Janeiro. To assess the possibility of circulation of some of these arboviruses
within the limits of the PETP headquarters, in addition to alerting to the possible introductions
or reemergence of any new arboviruses due to the presence of their possible incriminated
vector.

Methods

The study was carried out at the Jequitiba headquarters of the Trés Picos State Park, located in
Cachoeiras de Macacu under the collection authorization (N° 058/2015) of the State Environ-
mental Institute (INEA).

i. Study area

The park consists of a fragment of Atlantic Forest, characterized by a dense rain forest and a
tropical climate [14]. For the present study, five different Sample Points (SP) were demarcated
within the limits of the Jequitiba headquarters, intended for the practice of ecotourism activi-
ties, being designated as: Parque Trail (SP 1): S: 22°24.834 "HO: 42°36 .825 ’; Cristais Trail (SP
2): S:22° 24,964 ‘HO: 42° 36,543’; Jequitiba trail (SP 3): S: 22° 25.067 ‘HO: 42° 36.610’; Lookout
trail (SP 4): S: 22° 25.067 ‘HO: 42° 36.610’; Visitor trail (SP 5): S: 22° 25.067 ‘HO: 42° 36.610°
(Fig 1).
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Fig 1. Sample Points in the area of the Trés Picos State Park (PETP) Cachoeiras municipality of Macacu, state of Rio De Janeiro. Where
(EM1) monitoring station 1, (EM2) monitoring station 2, (EM3) monitoring station 3, (EM4) monitoring station 4 and (EM5) monitoring
station 5. Geographical meshes of the Brazilian Open Data Portal and a map created by the main author Thamiris Balthazar.

https://doi.org/10.1371/journal.pone.0261244.9001

The collections were divided into two climatic periods: dry period and rainy period, follow-
ing the distribution of months proposed by Minuzzi et al. [15]. In which the first encompassed
the months of March to August 2017 and the rainy period covered the months of November
2016 to February 2017, together with the months of September and October 2017. Thus, eight
collection campaigns were carried out, with a durability of two consecutive months, and an
interval of one month between each one.

ii. Capture methods

The specimens were captured with the aid of light traps type CDC, model HP, adapted with
the addition of a styrofoam apparatus containing dry ice, attached to the side of the trap. In
this way, the elimination of CO2 from the apparatus worked as an additional attraction. The
CDC:s were installed in each of the determined sample points, at a height of 1.5 meters from
the ground, and kept running in 2 cycles of 24 hours per field campaign, where at the end of
each cycle the cages were changed. In addition, active captures were made with the help of a
Castro catcher during the period of 1 hour at each demarcated sampling point of collection.
Totaling 58 hours of sampling effort per field campaign.

iii. Taxonomic identification

All specimens were preserved at low temperatures for proper assembly on entomological pins,
identification, and storage in the entomological collection of the Diptera Laboratory, Oswaldo
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Cruz Institute—IOC. And, the identification of the species was carried out through direct
observation of the morphological characters evidenced by the stereomicroscope microscope
(Zeiss®), and using dichotomous keys elaborated by Lane [16, 17], Faran & Linthicum [18],
Consoli & Lourengo-de -Oliveira [19] and Forattini [20].

iv. Spatial analysis

To assist in visualizing the distribution of the collected specimens, thematic maps were gener-
ated. Therefore, forest coverage rates were estimated manually using ArcGIS 10 software. A
Landsat 7 satellite image (from 2002) obtained from the United States Geological Survey plat-
form "LandsatLook" (http://landsatlook.usgs.gov/viewer.html) was used to outline the forest
cover polygons. The image resolution was 30 meters for bands 1 to 7 and 15 meters for band
eight, with the strips merged resulting in a final image of 15 meters in resolution. For the com-
position of mosquito communities it was evaluated using a multidimensional scale (MDS).
MDS is a method to measure the similarity between data sets, which in this study refers to the
composition of Culicidae populations (data sets) in each sampling unit [21, 22]. For the struc-
turing and analysis of the databases, the programs Microsoft Excel and SPSS 23 were used.

Results

At the end of the collections, a total of 1149 specimens were captured in their adult form, with
840 specimens collected in the rainy season (Table 1) and 309 specimens in the dry period
(Table 2). Eight genera were identified: Culex (210 specimens); Aedes (163 specimens); Hae-
magogus (32 specimens); Limatus (338 specimens) Runchomyia (52 specimens); Trichoproso-
pon (165 specimens); Wyeomyia (166 specimens); Anopheles (17 specimens); Uranotaenia (6
specimens); Sabethes (2 specimens). Noteworthy are the most frequent species, among those
considered of medical and veterinary importance: Aedes fluviatilis Lutz, 1904 (71 specimens);
Aedes scapularis Rondani, 1848 (55 specimens); Haemagogus leococelaenus Dyar and Shannon,
1924 (29 specimens). In addition to the subgenus Culex (culex) spp. (163 specimens);

Two thematic maps were made, one for the rainy season (Fig 2) and another for the dry
period (Fig 3) where it is possible to visualize the distribution of species of medical and veteri-
nary interest in each MS, and these were correlated with the arboviruses of according to the
literature.

Among the species captured during the study, Limatus durhamii Theobald, 1901 was pres-
ent in all SP in both climatic periods, totaling 145 specimens in the rainy season and 42 speci-
mens in the dry period. The subgenus Culex (culex) spp was widely distributed throughout SP,
in different proportions, during the rainy season, with 159 specimens in the total period (Fig 2;
Table 1), however it was more sporadic for the dry period, which was present only in SP2 (1
specimen) and SP 4 (3 specimens).

Among the species belonging to the genus Aedes, Aedes terrens Walker, 1856 was identified
comprising 1.31% (11 specimens) of the culicidian fauna of the PETP headquarters in the
rainy season and 2.26% (7 specimens) in the dry season. In addition, other species of this
genus have also been captured, such as, Ae. fluviatilis, with 67 specimens in the rainy season
and only 4 in the dry season; Aedes rhyacophilus Costa-Lima, 1933 with only 4 specimens in
the rainy season and Aedes serratus Theobald, 1901, also present only in the rainy season with
5 specimens.

Another species of medical and epidemiological importance present in the study was Ae.
albopictus, captured in the two SPs with the greatest anthropic changes, these being SP1 and
SP5, totaling 7 specimens in the rainy season and 3 specimens in the dry season. Aedes scapu-
laris showed a high density, which was identified in the Mirante trail (SP4) during the rainy
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Table 1. Total specimens collected by Sample Point (SP) during the rainy period.

Rainy season
SP 1 SP 2 SP 3 SP 4 SP 5 TOTAL

Culex (carrollia) spp. 0 1 5 0 3 9
Culex (culex) spp. 13 2 40 68 36 159
Culex (Lutzia) spp. 10 3 4 1 23
Culex (melanoconion) spp. 0 2 2 4
Culex (microculex) spp. 1 0 0

Aedes (Stegomyia) albopictus 6 0 0 1 7
Aedes (Georgecraigius) fluviatilis 1 2 15 26 23 67
Aedes (Ochlerotatus) rhyacophilus 3 0 0 1 0 4
Aedes (Ochlerotatus) scapularis 1 5 1 43 4 54
Aedes (Ochlerotatus) serratus 3 1 0 1 0 5
Aedes (Protomacleaya) terrens 0 2 4 2 3 11
Haemagogus janthinomys/capricornii 0 0 0 1 2 3
Haemagogus leucocelaenus 1 1 5 13 6 26
Sabethes (sabethes) chloropterus 0 0 1 0 1
Sabethes (sabethes) belisarioi 0 0 1 0 1
Limatus durhamii 25 38 16 41 25 145
Limatus flavisetosus 9 10 5 10 8 42
Limatus paraensis 2 10 1 11 7 31
Runchomyia frontosus 2 0 2 5 5 14
Runchomyia lunatus 0 0 10 2 4 16
Runchomyia reversus 0 1 0 3 0 4
Trichoprosopon pallidiventer 0 0 1 0 1

Trichoprosopon digitatum digitatum 0 3 2 9 6 20
Trichoprosopon digitatum townsendi 0 0 0 0 0 0
Trichoprosopon obscurum 2 3 3 2 3 13
Trichoprosopon soaresi 4 12 15 18 18 67
Uranotaenia calosomata 1 0 0 0 4 5
Wyeomyia (phoniomyia) davisi 0 0 0 0 0 0
Wyeomyia aporonoma 1 0 0 3 5 9
Wyeomyia argenteorostris 0 1 13 5 8 27
Wyeomyia celaenocephala 0 0 0 0 1 1
Wyeomyia confusa 0 0 1 1 0 2
Wyeomyia flavifascies 1 0 0 2 0 3
Wyeomyia negrensis 2 1 16 9 13 41
Wyeomyia serratoria 0 0 0 1 0 1
Wyeomyia sp. 0 1 0 0 1
Anopheles (kerteszia) cruzii 0 4 4 0 15
Total: 88 103 165 280 204 840

https://doi.org/10.1371/journal.pone.0261244.t1001

season, 43 captured adults. This species was present in this rainy period, albeit in a low propor-
tion, in the SP2 (Cristdis Trail) with 5 captured specimens, the visitor’s trail (SP5) with 4 cap-
tured specimens, the Parque Trail (SP1) with only 1 specimen and the Jequitiba Trail (SP3)
also with only one specimen collected at the site, throughout the rainy season. During the dry

period, Ae. scapularis was captured only in SP4 (Lookout Trail).

We can also highlight two important species incriminated as vectors, Sabethes chloropterus

Von Humboldt, 1819 and Sabethes belisarioi Neiva, 1908 collected in SP3 (Jequitiba Trail)
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Table 2. Total specimens collected by Sample Point (SP) during the dry period.

Dry season
SP 1 SP 2 SP 3 SP 4 SP 5 TOTAL
Culex (carrollia) spp. 0 0 0 1 0 1
Culex (culex) spp. 0 1 0 3 0 4
Culex (Lutzia) spp. 0 0 0 1 0 1
Culex (melanoconion) spp. 0 0 0 0 0 0
Culex (microculex) spp. 0 0 0 0 0 0
Aedes (Stegomyia) albopictus 2 0 0 0 1 3
Aedes (Georgecraigius)fluviatilis 0 1 1 2 0 4
Aedes (Ochlerotatus) rhyacophilus 0 0 0 0 0 0
Aedes (Ochlerotatus) scapularis 0 0 0 1 0 1
Aedes (Ochlerotatus) serratus 0 0 0 0 0 0
Aedes (Protomacleaya) terrens 0 0 4 3 0 7
Haemagogus janthinomys/capricornii 0 0 0 0 0 0
Haemagogus leucocelaenus 0 0 0 3 0 3
Sabethes (sabethes) chloropterus 0 0 0 0 0 0
Sabethes (sabethes) belisarioi 0 0 0 0 0 0
Limatus durhamii 19 7 10 4 2 42
Limatus flavisetosus 0 0 10 3 0 13
Limatus paraensis 13 4 40 6 2 65
Runchomyia frontosus 0 0 1 2 1 4
Runchomyia lunatus 0 4 2 1 0 7
Runchomyia reversus 0 0 0 6 1 7
Trichoprosopon pallidiventer 0 0 1 0 0 1
Trichoprosopon digitatum digitatum 0 0 4 7 2 13
Trichoprosopon digitatum townsendi 0 0 1 0 0 1
Trichoprosopon obscurum 0 0 4 1 0 5
Trichoprosopon soaresi 1 1 28 9 4 43
Uranotaenia calosomata 1 0 0 0 0 1
Wyeomyia (phoniomyia) davisi 0 3 0 10 0 13
Wyeomyia aporonoma 0 1 4 1 0 6
Wyeomyia argenteorostris 1 0 12 2 2 17
Wyeomyia celaenocephala 0 0 0 0 0 0
Wyeomyia confusa 1 0 10 2 0 13
Wyeomyia flavifascies 0 0 5 0 0 5
Wyeomyia negrensis 0 1 14 4 3 22
Wyeomyia serratoria 0 0 2 1 2 5
Wyeomyia sp. 0 0 0 0 0 0
Anopheles (kerteszia) cruzii 0 0 2 0 0 2
Total: 38 23 155 73 20 309

https:/doi.org/10.1371/journal.pone.0261244.t002

during the rainy season, where only one specimen was collected decade. In addition to species
of the Haemagogus genus, such as Haemagogus leucocelaenus Dyar and Shannon, 1924, which
showed a density of 2.5% (29 specimens) of the total specimens collected in their adult form,

in which 26 specimens of this species were captured during the period rainy season, and 3

caught in the dry season. And the species Haemagogus janthinomys Dyar, 1921, with only 3
specimens captured in the rainy season.
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Discussion

In a recent study, Abreu et al. (2019) confirmed the incrimination of the species Haemagogus
janthinomys and Haemagogus leucocelaenus in the recent cases of yellow fever that occurred in
the reemergence of the disease in the Atlantic Forest regions in southeastern Brazil. In this
same study, the species Sabethes chloropterus and Aedes scapularis were incriminated as sec-
ondary vectors or local primary vectors of yellow fever [23]. In the present study, we point out
the importance of constant entomological surveillance in areas of natural protection, such as
PETP, which have ecotourism activities, considering that we observe the presence of the spe-
cies Haemagogus leucocelaenus and Haemagogus janthinomys, in addition to the capture of a
Sabethes chloropterus and Sabethes belisarioi.

Aedes scapularis was found with significant density on the trails, in the two collection peri-
ods. According to the literature, among the arboviruses in which this vector is incriminated,
Forattini et al. [24-26] pointed out in their studies a strong correlation between this mosquito
and the Rocio virus, a Flavivirus of great importance for the risk of reemergence in Brazil [27],
in addition to its association with the Venezuelan equine encephalitis virus [28, 29].

Among the species of the genus Aedes, we highlight Ae. terrens, which has great importance
in the transmission of arboviroses circulating in Brazil, with emphasis on its vectorial capacity
for the Chikungunya virus, for example [30, 31]. Ae. fluviatilis, Ae. rhyacophilus and Ae. serra-
tus that have also been observed, have already been incriminated by other authors as vectors or
possible vectors of most arboviruses of the Togaviridae family and Flaviviridae family, in addi-
tion to some arboviruses belonging to the Bunyaviridae, Reoviridae and Rhabdoviridae fami-
lies [32].

The study records the presence of Ae. albopictus, which is already known for its ability to be
incorporated into urban and peri-urban environments, which are increasingly present, being
this species of great vector importance incriminated for viruses already circulating around the
park, such as Zika viruses, Dengue viruses and viruses. Chikungunya [4, 5]

In view of this, the presence of these vectors warns of the possible risk of circulation of cer-
tain arboviruses within the limits of PETP, since in the municipality of Cachoeiras de Macacu
confirmed cases of arboviruses with compulsory notification in Brazil, as stated in the Epide-
miological Report 045/2017 (SUS, 2017). From January to November 2017, the period in
which the present study was being carried out, in parallel to these epidemiological surveys, the
municipality of Cachoeira de Macacu presented 1 case of yellow fever notified on 6/2/2017,
according to the epidemiological report 045/2017 [33], where species of the subgenus Sabethes
(Sabethes) spp. captured in September, three months after this data. These factors point to the
ability of this arbovirus to circulate in the PETP area, since the vector and its respective viral
agent are present in this region.

Other arboviruses were also confirmed to be circulating in the municipality of Cachoeiras
de Macacu, such as the Dengue virus, with an incidence of 5.4 cases per 1000 inhabitants, only
two of which were confirmed; and chikungunya virus with an incidence of 1.8 cases per 1000
inhabitants, but without any confirmation [33]. The presence of the circulation of the Zika
virus in the municipality was not observed, since, according to the epidemiological bulletin
[33] in this period, the incidence of cases presented was zero. However, the presence of the
vector and the presence of cases in neighboring municipalities warn of possible underreported
circulation.

Limatus duhramii was found more frequently and in all SP, indicating a risk of introducing
the Orthobunyavirus virus, since it has been incriminated in previous studies as a species of
suspected transmission of this virus [34]. However, this evidence would require further studies
on the vectorial capacity of this species.
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In addition, the presence of species of the subgenus Culex (culex) spp. also, points to the
possibility of introducing other arboviruses, since this subgenus encompasses important spe-
cies of mosquitoes already incriminated as vectors of several arboviruses in the world, such as
Japanese Encephalitis in Southeast Asia [35], West Nile Virus in South Africa [36] and viruses
of the family Bunyaviridae already isolated [37]. Within this subgenus is Culex (Culex) quin-
quefasciatus Say, 1923, which is described with evidence and vector capacity for the Zika [38,
39]. However, a study carried out with mosquitoes of this species in the city of Rio de Janeiro
did not show the same transmission capacity as Zika virus and proved that Zika virus does not
replicate in mosquitoes of the species Cx (Cux) quinquefasciatus [40, 41]. Thus, these studies
refute the hypothesis that this species is a vector of Zika virus.

The presence of incriminated or suspicious vectors in the transmission of arboviruses that
have not yet been reported or considered to have been eradicated in Brazil, raises hypotheses
of possible introduction, or reintroduction of these viruses, through the frequency of visitors
from different regions of the world in areas of natural protection, as observed at PETP. In
addition, with the notification of arboviruses already circulating in the municipality of study
and the meeting of the respective vector species, they alert to the fact that PETP is a place of
possible active circulation of mandatory notification arboviruses: dengue, zika, chikungunya
and yellow fever.

Thus, the importance of strengthening entomological surveillance actions is highlighted.
And, in addition, it is important to carry out health education actions to teach preventive mea-
sures to the local population and visitors to the PETP, aiming at blocking the circulation of
arboviruses already present in the local human population, in addition to avoiding the inser-
tion of new arboviruses in this population. Being the ecotourism visitation parks characterized
as important regions for the continuous surveillance for the emergence and reemergence of
new arboviruses.

Supporting information

S1 File.
(XLSX)

S2 File.
(XLSX)

Acknowledgments

We thank Dr. Jer6nimo Alencar for his help and contribution throughout the development of
this research.

Author Contributions
Conceptualization: Thamiris D’A. Balthazar, Mauricio L. Vilela, Jacenir R. S. Mallet.
Data curation: Danielle A. Maia, Amanda Q. Bastos.

Formal analysis: Thamiris D’A. Balthazar, Alexandre A. Oliveira, William A. Marques, Mauri-
cio L. Vilela, Jacenir R. S. Mallet.

Funding acquisition: Danielle A. Maia, Mauricio L. Vilela, Jacenir R. S. Mallet.
Investigation: Thamiris D’A. Balthazar, Danielle A. Maia, Jacenir R. S. Mallet.

Methodology: Thamiris D’A. Balthazar, Alexandre A. Oliveira, William A. Marques, Amanda
Q. Bastos, Mauricio L. Vilela, Jacenir R. S. Mallet.

PLOS ONE | https://doi.org/10.1371/journal.pone.0261244 December 23, 2021 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0261244.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0261244.s002
https://doi.org/10.1371/journal.pone.0261244

PLOS ONE

Composition of the culicidae community of the trés picos state park, Rio de Janeiro, Brazil

Project administration: Thamiris D’A. Balthazar, Mauricio L. Vilela, Jacenir R. S. Mallet.

Resources: Thamiris D’A. Balthazar.

Supervision: Mauricio L. Vilela, Jacenir R. S. Mallet.

Validation: Thamiris D’A. Balthazar, Mauricio L. Vilela, Jacenir R. S. Mallet.

Visualization: Mauricio L. Vilela.

Writing - original draft: Thamiris D’A. Balthazar.

Writing - review & editing: Thamiris D’A. Balthazar, Danielle A. Maia, Alexandre A. Oli-

veira, William A. Marques, Amanda Q. Bastos, Mauricio L. Vilela, Jacenir R. S. Mallet.

References

1.

10.

1.

12

13.

14.

15.

16.
17.
18.

NORRIS DE. (2004) Mosquito-borne diseases as a consequence of land use change. EcoHealth. v. 1,
n.1,p. 19-24.

LIMA-CAMARA TN. (2016) Arboviroses emergentes e novos desafios para a satde publica no Brasil.
Revista de saude publica. Sdo Paulo. 50(36): 1-7.

VALLE D, PIMENTA DN, AGUIAR R et al. (2016) Zika, dengue e chikungunya: desafios e questdes.
Epidemiologia e Servigos de Salde, Brasilia; 25(2): 419-422.

LOURENGCO-DE-OLIVEIRA R.; VAZEILLE M.; FILIPPIS AMB.; FAILLOUX AB. (2003) Aedes albopic-
tus from Brazil and southern United States: genetic variation and vector competence for dengue and
yellow fever viruses. Am J Trop Med Hyg, 69: 105—-114. PMID: 12932107

BENEDICT MQ, LEVINE RS, HAWLEY WA, LOUNIBOS LP. (2007) Spread of the tiger: global risk of
invasion by the mosquito Aedes albopictus. VVector Borne Zoonotic Dis. 7(1):76-85. https://doi.org/10.
1089/vbz.2006.0562 PMID: 17417960

AKINER MM.; DEMIRCI B.; BABUADZE G.; ROBERT V.; SCHAFFNER F. (2016) Spread of the inva-
sive mosquitoes Aedes aegyptiand Aedes albopictus in the black sea region increases risk of chikungu-
nya, dengue, and zika outbreaks in Europe. PLoS Neglected Tropical Diseases, 10(4).

KANTOR IN. (2016) Dengue, zika and chikungunya. Medicina (B Aires). 76(2):93-97.

Secretaria de Vigilancia em Saude—Ministério da Saude. (2018) Boletim epidemioldgico n 1, volume
49. Disponivel em: <https://www.saude.gov.br/images/pdf/2018/janeiro/23/Boletim-2017-051-Dengue.
pdf>

CAVALCANTE KRLJ, TAUIL PL. (2016) Caracteristicas epidemiologicas da febre amarela no Brasil,
2000-2012. Epidemiologia e Servigos de Saude, [s.l.], v. 25,n.1,p.10-1.

MALINVERNI C. (2017) Uma epizootia, duas noticias: a febre amarela como epidemia e como nao epi-
demia. RECIIS—Revista Eletronica de Comunicagédo, Informagéo e Inovagdo em Saude, Rio de
Janeiro,v. 11,n.2,p. 1-9.

Centro de Informagdes Estratégicas de Vigilancia em Salde/Unidade de Resposta Rapida—CIEVS/
URR. (2017) Informe Epidemiol6gico 084/2017: MONITORAMENTO DAS EMERGENCIAS EM
SAUDE PUBLICA. Informe epidemiolégico n 084. Disponivel em: < http://www.riocomsaude.rj.gov.br/
Publico/MostrarArquivo.aspx?C=iaEBCv9x82s5%3D>

MINISTERIO DA SAUDE. (2020). Febre Amarela. Disponivel em: < https:/www.gov.br/saude/pt-br/
assuntos/saude-de-a-a-z-1/f/febre-amarela>

MORDECAI E. A. et al. (2017) Detecting the impact of temperature on transmission of Zika, dengue,
and chikungunya using mechanistic models. PLoS Negl Trop Dis, 11(4): 1-18.

VALLEJO LR; CAMPOS RM; SANTOS-JUNIOR WM. (2009). Parque Estadual dos Trés Picos/RJ:
aspectos ambientais e conflitos territoriais. Revista Geo-paisagem. 15(8).

MINUZZI R.B., SEDIYAMA G.C., BARBOSA E.M. & MELO JUNIOR J.C.F. (2007). Climatologia do
comportamento do periodo chuvoso da regido sudeste do Brasil. Rev. Bras. Meteorol. 22:338-344.

LANE J. (1953%) Neotropical Culicidae— 1° volume. Editora da Universidade de Sdo Paulo. S&o Paulo.
LANE J. (1953°) Neotropical Culicidae— 2° volume. Editora da Universidade de Sao Paulo. Sao Paulo.

FARAN M, LINTHICUM KJ. (1981) A handbook of the Amazonian species of Anopheles (Nyssor-
hynchus) (Diptera: Culicidae). Mosq Syst. 13: 1-81.

PLOS ONE | https://doi.org/10.1371/journal.pone.0261244 December 23, 2021 10/12


http://www.ncbi.nlm.nih.gov/pubmed/12932107
https://doi.org/10.1089/vbz.2006.0562
https://doi.org/10.1089/vbz.2006.0562
http://www.ncbi.nlm.nih.gov/pubmed/17417960
https://www.saude.gov.br/images/pdf/2018/janeiro/23/Boletim-2017-051-Dengue.pdf
https://www.saude.gov.br/images/pdf/2018/janeiro/23/Boletim-2017-051-Dengue.pdf
http://www.riocomsaude.rj.gov.br/Publico/MostrarArquivo.aspx?C=iaEBCv9x82s%3D
http://www.riocomsaude.rj.gov.br/Publico/MostrarArquivo.aspx?C=iaEBCv9x82s%3D
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z-1/f/febre-amarela
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z-1/f/febre-amarela
https://doi.org/10.1371/journal.pone.0261244

PLOS ONE

Composition of the culicidae community of the trés picos state park, Rio de Janeiro, Brazil

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

CONSOLI RAGB.; OLIVEIRA RL. (1994) Principais mosquitos de importancia sanitaria no brasil. Rio
de Janeiro: Editora fiocruz. 1-228.

FORATTINI OP. (2002) Culicidologia médica: Identificacao, biologia e epidemiologia. EDUSP. Sao
Paulo. 2: 1-864.

Borg |.; Groenen P. J. (2005) Modern Mutidimensional Scaling: Theory and Applications. New York:
Springer.

JONGMAN R.H.G.; TER BRAAK C.J.F. & VAN TONGEREN O.F.R. (1995) Data analysis in community
and landscape ecology. 2nd ed., Cambridge, Cambridge Univ. Press.

ABREU FVS et al. (2019) Haemagogus leucocelaenus and Haemagogus janthinomys are the primary
vectors in the major yellow fever outbreak in Brazil, 2016—2018. Emerging Microbes & Infections, v. 8,
p.218-231.

FORATTINI OP.; GOMES AC.; GALATI EAB.; RABELLO EX.; IVERSSON LB. (1978%) Estudos ecol6-
gicos sobre mosquitos culicidae no sistema da serra do mar, Brasil. 1- Observagdes no ambiente extra-
domiciliar. Revista de saude publica. Sao Paulo. 12:297-325.

FORATTINI OP.; GOMES AC.; GALATI EAB.; RABELLO EX.; IVERSSON LB. (1978) Estudos ecolé-
gicos sobre mosquitos culicidae no sistema da serra do mar, Brasil. 2- Observagdes no ambiente domi-
ciliar. Revista de saude publica. Sdo Paulo. 12:297-325

FORATTINI O.P., GOMES A.C., SANTOS J.L.F., GALATI E.A.B., RABELLO E.X.; NATALD., (1981)
Observagdes sobre atividade de mosquitos Culicidae, em mata residual no Vale do Ribeira, Sao Paulo,
Brasil. Revista de Saude Publica, 15(6): 557-586 https://doi.org/10.1590/s0034-89101981000600001
PMID: 7344068

NEVES AS; MACHADO CJ. (2015) A reemergéncia do virus Rocio no Brasil. Revista da faculdade de
ciéncias médicas de sorocaba. 18:61-62.

ARNELL J. H. (1976) Mosquito studies (Diptera, Culicidae). XXXIIl—A revision of the Scapularis group
of Aedes (Ochlerotatus). Contr. Am. Entomol. Inst., 13: 1-144.

LHUILLIER M.; PAJOT F. X.; MOUCHET J.; ROBIN Y. (1981) Arboviroses en Amerique du Sud e dans
les Caraibes. Méd. trop., 41:73-84

VEGA-RUA A; LOURENCO-DE-OLIVEIRA R; MOUSSON L; VAZEILLE M; FUCHS S; YEBAKIMA A;
et al. (2015) Chikingunya virus transmission potential by local Aedes mosquitoes in the Americas and
Europe. PloS Neglected tropical Diseases. V: 9.

LOURENCO-DE-OLIVEIRA R; FAILLOUX AB. (2017) High risk for chikungunya virus to initiate an
enzootic sylvatic cycle in the tropical Americas. PLoS Negl Trop Dis, v. 11, n.6, e0005698., 11p. https://
doi.org/10.1371/journal.pntd.0005698 PMID: 28662031

WEAVER SC, Reisen WK. (2009) Present and future arboviral threats. Antiviral Res. 85(2):328—45.
https://doi.org/10.1016/j.antiviral.2009.10.008 PMID: 19857523

Secretaria de Vigilancia em Saude—Ministério da Satde. (2017) Boletim epidemioldgico n 45, volume
48. Disponivel em: < https://www.saude.gov.br/images/pdf/2018/janeiro/10/2017-046-Publicacao.pdf>

BARAJAS J; SUAZA JDV; TORRES CG; RUA GL; URIBE-SOTO S; PORTER CH; (2013) Mosquitos
(Diptera: Culicidae) asociados a guadua em los municipios de Anserma, Hispania y Jardin, Colombia.
Revista Colombiana de Entomologia. 39(1). P 132—140.

REUBEN R, TEWARI SC, HIRIYAN J, AKIYAMA J. (1994) lllustrated keys to species of Culex associ-
ated with Japanese encephalitis in Southeast Asia (Diptera: Culicidae). Mosq System. 26:75-96

MCINTOSH B.M. JUPP P.G., et al. (1976) Epidemics of West Nile and Sinbis viruses in South Africa
with Culex (Culex) univittatus Theobald as the vector. S. Afr. J. Sci. 72: 295-300.

AUGUSTE A.J., CARRINGTON C.V., FORRESTER N.L., POPOV V.L., GUZMAN H., WIDEN SG.,
et al. (2014) Characterization of a novel Negevirusand a novel Bunyavirus isolated from Culex (Culex)
declarator mosquitoes inTrinidad. J. Gen. Virol. 95, 481-485. https://doi.org/10.1099/vir.0.058412-0
PMID: 24262627

ROUNDY CM, AZAR SR, ROSSI SL, HUANG JH, LEAL G et al. (2017) Variation in Aedes aegyptimos-
quito competence for Zika virus transmission. Emerg Infect Dis. 23:625-632. https://doi.org/10.3201/
eid2304.161484 PMID: 28287375

GUEDES DR, PAIVA MH, DONATO MM, BARBOSA PP, KROKOVSKY L et al. (2017) Zika virus repli-
cation in the mosquito Culex quinquefasciatus in Brazil. Emerg Microbes Infect; 6:€69. https://doi.org/
10.1038/emi.2017.59 PMID: 28790458

Lourengo-de-Oliveira R., Marques J. T., Sreenu V. B., Atyame Nten C., Aguiar E., Varjak M., et al.
(2018). Culex quinquefasciatus mosquitoes do not support replication of Zika virus. The Journal of gen-
eral virology, 99(2), 258—264. https://doi.org/10.1099/jgv.0.000949 PMID: 29076805

PLOS ONE | https://doi.org/10.1371/journal.pone.0261244 December 23, 2021 11/12


https://doi.org/10.1590/s0034-89101981000600001
http://www.ncbi.nlm.nih.gov/pubmed/7344068
https://doi.org/10.1371/journal.pntd.0005698
https://doi.org/10.1371/journal.pntd.0005698
http://www.ncbi.nlm.nih.gov/pubmed/28662031
https://doi.org/10.1016/j.antiviral.2009.10.008
http://www.ncbi.nlm.nih.gov/pubmed/19857523
https://www.saude.gov.br/images/pdf/2018/janeiro/10/2017-046-Publicacao.pdf
https://doi.org/10.1099/vir.0.058412-0
http://www.ncbi.nlm.nih.gov/pubmed/24262627
https://doi.org/10.3201/eid2304.161484
https://doi.org/10.3201/eid2304.161484
http://www.ncbi.nlm.nih.gov/pubmed/28287375
https://doi.org/10.1038/emi.2017.59
https://doi.org/10.1038/emi.2017.59
http://www.ncbi.nlm.nih.gov/pubmed/28790458
https://doi.org/10.1099/jgv.0.000949
http://www.ncbi.nlm.nih.gov/pubmed/29076805
https://doi.org/10.1371/journal.pone.0261244

PLOS ONE Composition of the culicidae community of the trés picos state park, Rio de Janeiro, Brazil

41. Fernandes RS, Campos SS, Ferreira-de-Brito A, Miranda RMd, Barbosa da Silva KA, et al. (2016)
Culex quinquefasciatus from Rio de Janeiro Is Not Competent to Transmit the Local Zika Virus. PLOS
Neglected Tropical Diseases 10(9): €0004993 https://doi.org/10.1371/journal.pntd.0004993 PMID:

27598421

PLOS ONE | https://doi.org/10.1371/journal.pone.0261244 December 23, 2021 12/12


https://doi.org/10.1371/journal.pntd.0004993
http://www.ncbi.nlm.nih.gov/pubmed/27598421
https://doi.org/10.1371/journal.pone.0261244

