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Detection of dengue virus serotype 3 by reverse transcriptionpolymerase chain reaction in Aedes aegypti (Diptera, Culicidae)
captured in Manaus, Amazonas
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The detection of dengue virus serotypes from Aedes aegypti in Manaus, state of Amazonas was carried out using
the reverse transcription-polymerase chain reaction technique. Fourteen pools out 82 (17.1%) were positive for
DENV3, providing a minimal infection rate of 2.1% of all analyzed infected female specimens of three different areas
of the city.
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The occurrence of dengue cases including dengue
hemorrhagic fever (DHF) in Brazil has increased since
1990s. It is the viral disease with the largest number of
cases. In the first half of 2003, 259,800 cases were recorded
in the country (MS 2003).
Despite the strong control measures program adopted
to control the distribution of the mosquito vector of dengue in Brazil, the Aedes aegypti indexes remain increased
and has not been possible to avoid dengue widespread
(Braga 2004). Presently three dengue serotypes (DENV1,
DENV2, and DENV3) are circulating in 25 of the 27 Brazilian states (MS 2005). The sequential introduction of the
three serotypes and the spread of DENV3 since 2001, favored the occurrence of outbreaks. DENV3 has been associated to more severe cases of disease happened in
Brazil and is the serotype responsible for mostly occurrence of DHF in the last epidemics (Miagostovich et al.
2002, Figueiredo 2003).
The state of Amazonas was one of the last states in
Brazil to become infested by Ae. aegypti (Figueiredo et al.
2002). The wide dispersal of this species in the city of
Manaus, state of Amazonas, took place in 1996, and two
years later, an epidemic with 13,873 cases were reported in
Amazonas State capital. In 1998 were detected serotypes
DENV1 and DENV2 (Figueiredo et al. 2002). During 2002,
the DENV3 was isolated for the first time in Manaus from
two patients (Araújo et al. 2003). DHF cases were recorded
in 2001 (55) and 2003 (59) (Sinan 2004).
In the Amazon Region, environmental and social factors, such as high temperature and humidity during the
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year, the extended rainy season, and pour basic infrastructure, provides ideal conditions for the proliferation of dengue vectors reproduction (Vasconcelos et al.1999, Pinheiro
& Tadei 2002).
The constant presence of Ae. aegypti throughout the
city, as well as the co-circulation of three viral serotypes,
represents risk for the occurrence of severe dengue epidemics. This situation shows the need of establishing
efficient laboratory techniques for detecting viral serotypes, providing a rapid diagnosis and facilitating proper
control measures in order to prevent or reduce the epidemic impacts.
Many works have been developed using the reverse
transcription-polymerase chain reaction (RT-PCR) since
the 1990s to determine infection rates in humans (Lanciotti
et al. 1992, Chungue et al. 1993, Harris et al. 1998, Kouri et
al. 1998, Joshi et al. 2002). The use of RT-PCR to detect
dengue viruses on vector tissues has allowed estimating
vector transmission ability by the analysis of the infection on them. It is also possible to detect the serotype
circulating within an area, which is a crucial information
for the surveillance of dengue epidemics.
Studies targeted to detect dengue virus serotypes in
mosquitoes using viral isolation or RT-PCR procedures in
Brazil have been published elsewhere (Nogueira et al.
1988, Vasconcelos et al. 1998, Lourenço-de-Oliveira et al.
2002, Castro et al. 2004). Some of them were restrict to
epidemiological data analysis when the epidemic has already established itself. The knowledge of the dengue
serotypes circulating within a locality is also fundamental
for public health, since it is known that some virus strains
can cause more severe clinical manifestations, which are
commonly observed in places where co-circulate two or
more serotypes (Halstead 1980, Vaughn et al. 2000, Messer
et al. 2003).
The aim of this study was to investigate the presence
of dengue serotypes circulating in the city of Manaus in
2003, using the RT-PCR technique from adult Ae. aegypti
captured in several districts reporting high indexes of fe-
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brile illness clinically diagnosed as dengue fever. Immature stages of Ae. aegypti were also used for studies about
transovarial transmission.
MATERIALS AND METHODS

Specimen collection - Samples comprised of adult
mosquitoes and immature forms of Ae. aegypti collected
from households where residents were suspected of dengue fever in different localities of Manaus (Fig. 1). Adult
male and female mosquitoes and immature forms (larvae
and pupae) were collected to investigate the possibility
of dengue virus transovarial transmission. Resting
winged-mosquitoes were captured with mechanical aspirator furnitures and in the upper parts of the houses.
Where there might have been a chance of finding infected
mosquitoes. Following collections, mosquitoes were anesthetized on ice, identified, pooled by gender, date and
place of capture, and stored at –70ºC. Pools ranged from
one to 34 mosquitoes.
The immature forms were collected from containers by
using plastic pipettes, identified and washed twice in distilled water to remove impurities (Klin & Klin 1983) and
were grouped as described before, but the lots ranged
from 4 to 49 specimens, which were treated as described
by Reynes (1995). Then, lots were stored at –70ºC or immediately used for RNA extractions, which were carried
out using the Trizol LS Reagent (Invitrogen, San Diego,
US) method following the manufacturer’s protocol.
Reverse transcriptase and semi-nested reactions were
performed, by using specific primers targeted to the PrM/
M genomic region of all dengue virus serotypes as described by Lanciotti et al. (1992).
Viral isolation and characterization - Suspensions
of 1:10 prepared in PBS solution from the adult mosquito
and immature form pools were inoculated on C6/36 cells
culture grown in a Leibowitz medium (L-15, Invitrogen,

San Diego, US). After 10 days each lot was submitted to
indirect immunofluorescence assays (IFA) using monoclonal antibodies against the four dengue virus serotypes
as previously described by Gubler et al. (1984). Cultures
of uninfected cells were used as negative controls.
Nucleotide sequencing - The PCR products were obtained for sequences of the E gene region (viral envelope), utilizing specific primers P992 (sense) and CP2550
(nonsense) (Lanciotti et al. 1994), and reverse transcriptase
and high fidelity polymerase (PlatinumTaQ and Superscript
II – Invitrogen, San Diego, US) enzymes were used as
described by the manufacturer’s. Then, they were purified by the Qiagen purification kit (Chatsworth-US), and
sequenced in an ABI Prism 377 automatic sequencer using the Big Dye Terminator 3.0 kit (California, US) and
specific primers for determining the nucleotide sequence
(forward-P1685 and reverse-CP2550 Invritogen, São Paulo,
Brazil). Sequences were assembled with the aid of a
SeqMan software in order to assemble the counting and
consensus sequence; alignment were obtained using the
Clustal W method of the Megalign software (DNASTAR,
Laser gene program package version 4.05) with sequences
already recorded in the GenBank. A Molecular Evolutionary Genetics Analysis - MEGA, 2.1 – 2001 version software, that utilizes the neighbor-joining method using DNA
distance relationship was used to prepare a dendogram
of reference sequences previously described and sequences obtained in this study.
RESULTS

Between February and June 2003, during the rainfall
season and elevate incidence of dengue in Manaus, a
total 1816 specimens, being 674 (31.1%) adult mosquitoes
and 1,142 (68.9%) immature forms, were collected from 35
different sites in the city. Table shows the amount of specimens captured at each site.

Fig. 1: map of Manaus showing the Aedes aegypti collection sites.
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From a total of 82 pools of Ae. aegypti adults RT-PCRanalyzed, 14 (17.1%) were positive to DENV3, all of them
composed of adult females (Table). Positive samples submitted to 2% agarose gel electrophoresis are shown on
Fig. 2. All 59 pools of males and immatures forms were
negative. Seven RT-PCR positive pools were inoculated
in C6/36 cells, and DENV3 was isolated from two of them.
Only the strain AR671089 positive to RT-PCR and viral
isolation was sequencing. A 746 base sequence spanning
the partial (E) envelope protein gene was sequenced to a
1458 base pairs product obtained by RT-PCR. Comparative analysis between the strains AR671089, AM2394 (access number AY632355) DENV3 isolate from a patient with
DF and 13 DENV3 from GENBANK, representative of the
main genotypes, showed that nucleic acid sequence similarity ranged from 85 to 95%.
The phylogenetic analyses of this strain showed that

it is grouped in the genotype III, which has been represented by viruses of the Southeast Asia within DENV3
serotype (Fig. 3).
DISCUSSION

The RT-PCR technique for detecting dengue virus in
mosquito tissues has been performed in several regions
of the world since the 1990s (Chungue et al. 1993, Chow et
al. 1998, Harris et al. 1998, Romero-Vivas et al. 2000, Kow
et al. 2001, Chung & Pang 2002, Urdaneta et al. 2005).
Mostly of these studies were conducted in Asia, where
the four serotypes occur and the incidence of DHF/DSS
is very high. The purpose of the study was to measure
the viral infection rate in the vector population, as well as
to maintain an active surveillance for early detection of a
new serotype into areas where other serotypes are already been circulating.
In Brazil, the use of RT-PCR for monitoring of circulat-

TABLE
Number of Aedes aegypti adults and immature forms captured in Manaus by district and positive reverse transcriptionpolymerase chain mosquito lots from February to May 2003
Localities

No. of species
immature

F (♀)

M (♂)

167

58

47

141
57
7
127
26
16
113
28
95
30

1
18
18
4
21
4
1
3
12
2
3
1

10
165
21
56
4
26
9
21
27
1
-

2
25
13
3
1
5
7
4
4
3
11
21
5
10
4
26
1
2
2
9
5
24
5
38
42
6
3
6
5
16
2
2
3

2
13
5
1
49
25
7
5
1
24
1
1
1

1142

374

300

1. Centro
2. Aparecida
3. Praça 14 de Janeiro
4. Cachoeirinha
5. São Raimundo
6. Santo Antônio
7. Vila da Prata
8. Compensa I
8 A Compensa II
8 B Compensa III
9. Nova Esperança
10. Lírio do Vale
11. Conjunto Ajuricaba (Planalto)
12. Alvorada I
12 A Conj. Kissia I
13. Redenção
14. Petrópolis
15. Japiim
26
16. Coroado I
16 A Coroado II
16 B Coroado III
17. Betânia
18. Conj. Dom Pedro II
19. Conj. Eldorado
20. Aleixo
21. Adrianópolis
22. Novo Israel
23. Cidade Nova
24. São José
25. Tiradentes
26. Ouro Verde
27. João Paulo II
28. Conjunto Vieira Alves
29. Nova Jerusalém
30. Unknown
Total

27

Adults

No. mosq.
/pool ♀
31
27
23

5

8

5
19
34
3
4
5
16
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ing of dengue virus serotypes is recent and remains not
widely used in epidemiological programs to identify the
virus in mosquitoes. In the state of Rio de Janeiro it has
been used to analyze Aedes mosquitoes for the presence
of dengue viruses by RT-PCR and the results obtained,
showed to be a good tool for monitoring dengue serotypes (Lourenço-de-Oliveira et al. 2002).
From 1998 to 2003, over 51 thousand cases of dengue
fever and 114 of DHF were reported in Manaus. It is the
single city in the Brazilian Amazon reporting a large number of severe dengue. The city of Belém, which is almost
the same size as Manaus, has been also stricken by dengue epidemics involving the same serotypes since 1996
(Travassos da Rosa et al. 2000). Interesting, DHF/DSS
cases were not recorded after over 84,608 reported dengue episodes (MS 2003). It is remarkable, however, that
the three dengue serotypes circulating in Brazil had already been isolated in Manaus and Belém and significant
differences were observed in the dengue occurrences on
them (MS 2004).
The high infection rate detected in adult females suggests a large circulation of DENV3 in Manaus. On the
other hand, all immatures specimens were negative by
RT-PCR and virus isolation. This may be due to the small
numbers of specimens collected during this study (Klin
& Klin 1983, Hull et al. 1984, Joshi et al. 1996).
The nucleotide sequence of the sample AR671089 was
performed in order to confirm the RT-PCR results and determine the DENV3 circulating genotype. Following the
alignment with sequences already recorded in the
GENBANK, it was possible to determine its genetic characteristics. The DENV3 strain responsible for the epidemic
in Manaus is closely related to the DENV3 genotype III,
which corresponds to the Sri Lanka genotype originated
in Asia (Fig. 3) (Lanciotti et al. 1994). Our results were
similar to those published for the characterization of the

first DENV3 isolate obtained in Brazil, in the state of Rio
de Janeiro (Miagostovich et al. 2002), indicating that the
virus genotype circulating in Manaus is similar to that in
Rio de Janeiro (Fig. 3).
A striking finding that needs to be discussed here in
is the reason why the DENV3 was the single serotype
detected in our samples. We suppose that it is possible
that DENV1 and DENV2 serotypes, that were responsible
for the previous dengue epidemic episodes in Manaus,
were displaced by DENV3, the last serotype introduced
in Manaus. It is likely that part of the population had
already been infected by the serotypes DENV1 and
DENV2. However, the introduction of DENV3, found the
whole population to be susceptible to it, which perhaps
contributed to dispersion, thus becoming easier to be
detected and isolated. In fact, earlier experiments showed
that when a new dengue serotype is introduced into a
community, occurs a natural decrease of circulation of
other previously existing dengue serotypes (WHO 1997,
Rigau-Pérez et al. 2002, Urdaneta et al. 2005). Moreover,
the official data of the Ministry of Health, confirmed these
findings, since only DENV3 isolations were officially recorded in 2003 (MS 2003).
The findings obtained in this study suggest that the
Manaus population is under risk of suffering outbreaks
of dengue that can be accompanied by an important occurrence of DHF cases, caused by the DENV3, as have
been observed in other places (Gubler 1997, Guzman et al.
1998, Isturiz et al. 2000). The DENV3 was detected in several areas of the city where DHF cases were detected (Fig.
1). In the same year, 9 of 303 (3.1%) samples collected
from patients in Manaus were positive for DENV3 (Castro
2004). The law number reported may not show the real
incidence of this virus type. This maybe due to sub notification of cases from the epidemiological surveillance.

Fig. 2: reverse transcriptase-semi-nested-polymerase chain reaction (RT-PCR) product in 2% agarose gel stained with ethydium bromide.
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Fig. 3: philogenetic analyses of E gene seqüence to the DENV3. Comparison with 13 sequences representative to the genotypes I to IV
obtained in Genbank. The analysis used the neighbor joing method; the nucleotide distance was calculated by kimura 2 parameters method.
The values to the bootstrap were calculated after 1000 replicons and it was listed only main branches. The DENV2 sequence, acess number
M20558, was used as outgroup. The DENV3 from Amazonas State is show in gray markers.

In Manaus, DENV3 was first detected in 2002 (Araújo
et al. 2003). Thus, since the findings of that work there
was an increased risk for the occurrence of DHF cases
due to the high DENV3 circulation in the city and susceptible population for other serotypes in previous outbreaks
(Siqueira Jr. et al. 2005). Perhaps, several other factors
play a role for epidemic risks as well; the most important
of them are the high Ae. aegypti indexes, and the lack of
public health services, especially during the rainy season
(December to June), when the clean rainy water promotes
extensive breeding sites of Ae. aegypti, but also results in
better geographical spread (Vasconcelos et al.1999,
Pinheiro & Tadei 2002).
On the other hand, the intensification of the vector
control measures, the epidemiological surveillance, and
the knowledge of the serotypes circulating in higher risk
areas may prevent the occurrence of severe cases. Besides preventing the DENV3 dispersion in the population, the epidemiological surveillance must be able to
monitor the circulation of other serotypes and also be
able to early detect the introduction of the DENV4 that
has been already isolated in Venezuela (Urdaneta et al.
2005), a bordering country with terrestrial connection to
Manaus through a highway.
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