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Dengue virus type 4 in Niterói, Rio de Janeiro: the role of molecular 
techniques in laboratory diagnosis and entomological surveillance
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In Niterói, state of Rio de Janeiro, dengue virus type 4 (DENV-4) was isolated for the first time in March 2011. 
We analysed the laboratory findings of the first cases and evaluated the use of molecular techniques for the detection 
of DENV-4 in Aedes aegypti that were field-caught. Conventional reverse transcriptase-polymerase chain reaction 
(RT-PCR) and Simplexa™ Dengue real-time RT-PCR confirmed DENV-4 infection in all cases. Additionally, DENV-
4 was confirmed in a female Ae. aegypti with 1.08 x 103 copies/mL of virus, as determined by quantitative real-time 
RT-PCR. This is the first time the Simplexa™ Dengue real-time assay has been used for the classification of cases 
of infection and for entomological investigations. The use of these molecular techniques was shown to be important 
for the surveillance of dengue in humans and vectors.

Key words: dengue virus type 4 - Aedes aegypti - RT-PCR - real-time RT-PCR - Simplexa™ Dengue real-time RT-PCR

Dengue is widespread in the tropical and sub-tropi-
cal areas of Asia, Africa and the Americas and the trans-
mission of the virus is primarily associated with Aedes 
aegypti. In Brazil, a dengue outbreak that was caused by 
dengue virus (DENV) type 1 and DENV-4 was reported 
in 1981-1982 in a city in the Amazon Region (Osanai et 
al. 1983). However, it was only after DENV-1 was intro-
duced in Rio de Janeiro (RJ) in 1986 (Schatzmayr et al. 
1986) that the disease became a nationwide public health 
problem. Additionally, a virological and entomological 
program was established to monitor DENV in human 
sera and vectors in 1986 (Nogueira et al. 1988, 1999, 
Lourenço-de-Oliveira et al. 2002). RJ has assumed an 
important role in the epidemiology of dengue, with the 
first case of DENV-2 identified in 1990 (Nogueira et al. 
1993) and the first case of DENV-3 identified in 2000 
(Nogueira et al. 2001).

DENV-4 was reintroduced into Brazil in 2010 in the 
municipalities of Boa Vista and Canta, state of Roraima 
(RR) (Temporão et al. 2011). The virus then spread to the 
different regions of Brazil. Cases of infection have been 
identified in northern, northeastern and southeastern Bra-
zil (MS/SVS 2011). Sequencing of the viral isolate genom-
es revealed that the DENV-4 Brazilian strains belonged to 
genotype II (de Sousa et al. 2011). In RJ, the first DENV-4 
cases that were detected occurred in the Cafubá neigh-
bourhood. Cafubá is located in the oceanic region of the 
municipality of Niterói which is located in the metropoli-
tan region of RJ, Brazil (Nogueira & Eppinghaus 2011). 
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The entomological surveillance of DENV in adult 
and immature mosquito stages is an important tool for 
the early prediction of dengue epidemics. Additionally, 
the virological surveillance of field-caught dengue vec-
tors using molecular techniques, such as conventional 
reverse transcriptase-polymerase chain reaction (RT-
PCR), has been useful for the rapid detection of dengue 
outbreaks in endemic regions and/or for the detection of 
the introduction of novel DENV variants (Chow et al. 
1998, Pinheiro et al. 2005, Mendez et al. 2006, Chen et 
al. 2010, Guedes et al. 2010).

In this study, we aimed to characterise the first DENV-
4 cases and demonstrate the role of rapid molecular 
techniques, such as conventional RT-PCR and real-time 
RT-PCR, in the entomological surveillance of the newly 
introduced DENV-4 variant in vector populations from 
Niterói after it was isolated from humans. Furthermore, 
we evaluated a real-time PCR commercial kit that has 
recently become available for the detection and typing of 
DENV in serum samples and mosquito macerates.

Human serum samples were obtained during a surveil-
lance program of the Laboratory of Flavivirus, Oswaldo 
Cruz Institute, Oswaldo Cruz Foundation (Fiocruz), RJ. 
This program was an on-going project that was approved 
by the Fiocruz Ethical Committee in Research (CEP 
274/05, resolution CSN196/96), Ministry of Health.

The investigation of DENV-4 cases was performed 
during the RJ DENV-1 epidemic in 2011. The first two 
confirmed cases were two sisters who lived in the Ca-
fubá neighbourhood of Niterói. Both experienced an 
onset of symptoms on March 6 2011 (Nogueira & Ep-
pinghaus 2011). We investigated nine other suspected 
cases of individuals who experienced an onset of symp-
toms from March 23 2011-April 11 2011 and who lived 
in Cafubá, São Francisco, São Domingos and Engenho 
do Mato (Fig. 1A).
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Ae. aegypti adult mosquitoes were collected at nine 
residential and non-residential sites (São Domingos) 
where DENV-4 human cases had been confirmed. The 
collection of the mosquitoes was performed at four sites 
(Fig. 1B) on May 4 2011, using battery-operated aspira-
tors. Mosquitoes were anaesthetised at 4ºC, identified, 
sexed and stored in liquid nitrogen on the same day of 
collection. Seventy-two Ae. aegypti (33 females and 39 
males) adult mosquitoes were collected. Of these mos-
quitoes, 47 (18 females and 29 males) were collected 
from a single site in a village-like residential area (site 
#1) that was comprised of six houses. Ae. aegypti were 
individually macerated in 1 mL of Leibovitz L-15 me-
dium (Sigma) with antibiotics (penicillin-streptomycin, 
10,000 units; Invitrogen) and centrifuged (6,000 rpm at 
4ºC for 30 min). The supernatant was then transferred 
to an Eppendorf tube that contained 100 mL of strepto-
mycin/fungizone and penicillin. The tube was kept in 
an ice bath for 1 h and centrifuged (3,000 rpm at 4ºC for 
15 min). The supernatant was then transferred to an Ep-
pendorf tube that contained 0.3 mL of foetal calf serum 
(Invitrogen) and frozen (-70ºC). 

Virus isolation was performed by inoculating the 
C6/36 Aedes albopictus cell line (Igarashi 1978) and the 
viral isolates were identified by an indirect fluorescent 
antibody test using serotype-specific monoclonal an-
tibodies (Gubler et al. 1984). Infected supernatant was 
clarified by centrifugation and the virus stocks were 
stored in 1-mL aliquots at -70ºC until use.

Viral RNA was directly extracted from mosquito mac-
erates using the QIAamp Viral RNA Mini kit (Qiagen) ac-
cording to the manufacturer’s instructions. The RNA was 
stored at -70ºC for DENV detection and genotyping.

RT-PCR for the detection and genotyping of DENV 
was performed as described previously (Lanciotti et al. 
1992). DNA products of a size unique to DENV-4 (392 
bp) were amplified and then analysed by agarose gel 
electrophoresis and ethidium bromide staining.

For the quantification of the virus, the RNA that 
was isolated from the individually macerated Ae. ae-
gypti mosquitoes was subjected to a quantitative real-
time RT-PCR according to the protocol described by 
Drosten et al. (2002).

Simplexa™ Dengue real-time RT-PCR - For the qual-
itative detection and typing of the viral isolates, the RNA 
from individually macerated Ae. aegypti mosquitoes was 
subjected to the Simplexa™ Dengue real-time RT-PCR 
assay (Focus Diagnostics, Cypress, CA) according to the 
manufacturer’s protocol. The assay uses the 3M Integrat-
ed Cycler instrument for the in vitro detection and geno-
typing of DENV-1 through DENV-4. The assay is based 
on a real-time RT-PCR that detects DENV-1 and DENV-
4 in one reaction and detects DENV-2 and DENV-3 in 
a separate reaction. The assay uses bi-functional fluo-
rescent primer-probes and reverse primers for the fol-
lowing specific regions of DENV: DENV-1 (NS5 gene), 
DENV-2 (NS3 gene), DENV-3 (NS5 gene) and DENV-4 
(capsid gene). An internal RNA control is used to moni-
tor the efficiency of the extraction process and to detect 
RT-PCR inhibition. In real-time RT-PCR, a positive re-
action is detected by the accumulation of a fluorescent 
signal. The cycle threshold (Ct) is defined as the number 
of cycles that are required for the fluorescent signal to 
cross a particular threshold exceeding the background 
level. Ct values are inversely proportional to the amount 
of target nucleic acid present in the sample. Therefore, 
the lower Ct value, the greater the amount of target nu-
cleic acid that is present in the sample. The Simplexa™ 
Dengue real-time RT-PCR assay stipulates 40 cycles of 
amplification. The Simplexa™ Dengue kits from Focus 
Diagnostics were kindly provided for the evaluation. The 
evaluation was performed for research purposes only and 
the authors have no competing financial interests.

Anti-dengue IgM antibodies in human serum were 
measured using the commercially available Panbio Den-
gue IgM capture ELISA. The results were classified as 
positive, negative or equivocal according to the manu-
facturer’s instructions.

For the NS1 antigen capture, two commercial kits 
were used for the analysis of human serum and mac-
erates. The Platelia™ Dengue NS1 Ag ELISA (Biorad 
Laboratories, Marnes-La-Coquette, France) is a one-
step, sandwich format microplate enzyme immunoassay 
that is used to detect the DENV NS1 antigen in human 
serum or plasma. The Dengue NS1 Ag STRIP (Biorad 
Laboratories, Marnes-La-Coquette, France) is an im-
munochromatographic test for the rapid detection of the 
NS1 antigen. This assay was performed according to the 
manufacturer’s protocol.

During March and April 2011, a total of 11 DENV-4 
cases were confirmed using the following routine labo-
ratory diagnostic techniques: MAC-ELISA, NS1 capture 
ELISA and rapid test, virus isolation and conventional 
RT-PCR. Two of the first cases were previously analy-
sed, both consisting of individuals who experienced an 
onset of symptoms on March 6 2011 (Nogueira & Ep-
pinghaus 2011). Three of the other cases occurred in the 
same neighbourhood as the first cases (Cafubá), three 
cases occurred in São Domingos, two in São Francisco 

Fig. 1: dengue virus type 4 (DENV-4) introduction in Niterói, state of 
Rio de Janeiro, Brazil, 2011. A: Niterói neighbourhoods with DENV-
4 confirmed cases. Dates shown are DENV-4 confirmed cases in the 
different neighbourhoods; B: entomological surveillance in the São 
Domingos neighbourhood. White crosses represent the four collec-
tion sites within an area with confirmed DENV-4. 
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and one occurred in Engenho do Mato (Fig. 1A). The 
age of the patients ranged from 14-46 years (mean ± 24.7 
years). Six patients were male and three were female. All 
patients had acute infections (up to 4 days of infection) 
and two of the nine patients (22.2%) were positive by 
MAC-ELISA. The isolation of virus was possible in five 
out of nine patients (55.5%) and all patients were positive 
by conventional RT-PCR. Four patients (44.4%) were 
positive when analysed by both the NS1 capture ELISA 
and the NS1 Ag Strip test. We further analysed all cases 
using the Simplexa™ Dengue real-time RT-PCR assay 
and all of the cases (9/9) were confirmed as DENV-4 
using this method (Table). Ct values that were obtained 
from the DENV-4 human samples ranged from 16.8-35.1 
(mean ± 25.0) (Fig. 2).

Because of the establishment of a sentinel network 
for DENV surveillance, which includes blood collections 
from febrile cases for virus detection, in 1986 in Niterói, 
it was possible to detect the introduction of DENV-2 
and DENV-4 into the human population early, in 1990 
and 2011, respectively (Nogueira et al. 1990, Nogueira 
& Epppinhaus 2011). Immediately after DENV-4 was 
isolated, an intensive study was conducted to monitor 
the distribution of the virus. Nine other DENV-4 cases 
from the neighbourhoods of Cafubá, São Francisco, São 
Domingos and Engenho do Mato were confirmed by 
laboratory analysis (Fig. 1A).

The development of conventional RT-PCR and real-
time RT-PCR techniques has significantly reduced the 
processing time required to permit the detection of both 
the virus in the early stages of the infection in humans 
and its transmission by viral vectors. The DENV-4 cases 
that were investigated in this study were initially de-
tected by conventional RT-PCR, which is established as 
a routine diagnostic test for all suspected acute dengue 
cases. Conventional RT-PCR results are usually released 
24-48 h after samples are received in the laboratory. Ad-
ditionally, for novel serotypes, all DENV-4 cases were 
re-tested separately using genotyping primers to con-
firm the new genotype. Concomitantly, cases were sub-
jected to MAC-ELISA, NS1 ELISA and virus isolation. 
Because the cases studied consisted of patients in the 
acute phase of disease, MAC-ELISA was able to con-

firm only two out of nine cases. Samples were obtained 
from both of these patients within four days after the 
onset of symptoms. Samples from all of the other cases 
were acquired within the first and second days after the 
onset of symptoms. The most common technique used to 
serologically diagnose dengue is still based on the detec-
tion of anti-DENV IgM using MAC-ELISA (Huang et 
al. 2001). However, one of the limitations of this method 
is that there are variations in the detection rate during 
the acute phase of disease. 

A previous study showed that the NS1 capture ELI-
SA has a higher detection rate during the first four days 
after the onset of symptoms compared with the MAC-
ELISA (Lima et al. 2010). In this study, both of the NS1 
tests confirmed four out of the nine cases up until the 
fourth day after the onset of symptoms. During the acute 
phase of disease, the NS1 protein exists as a secreted and 
membrane-associated protein. Both forms of the protein 
have been demonstrated to be immunogenic (Young et 
al. 2000). High levels of NS1 have been demonstrated 
to circulate during the acute phase of dengue infection 
and they are found in the serum of patients with both 
primary and secondary DENV infections until the ninth 
day after the onset of symptoms (Young et al. 2000).

TABLE
Human dengue virus type 4 cases laboratorial investigation in Niterói, state of Rio de Janeiro, Brazil

Dengue cases

Routine laboratorial diagnosis methodologies
positive/tested

Newly available  
diagnosis methodology  

positive/tested

MAC-ELISA
Virus

isolation
NS1

ELISA
NS1 Ag
STRIP

Conventional 
RT-PCR

Simplexa™ Dengue
real-time RT-PCR

Males (n = 6) 2/6 4/6 3/6 2/6 6/6 6/6
Females (n = 3) 0/3 1/3 1/3 2/3 3/3 3/3
Total [n (%)] 2/9 (22.2) 5/9 (55.5) 4/9 (44.4) 4/9 (44.4) 9/9 (100) 9/9 (100)

RT-PCR: reverse transcriptase-polymerase chain reaction.

Fig. 2: Simplexa™ Dengue real-time reverse transcriptase-poly-
merase chain reaction amplification on dengue type 4 cases (n = 9) 
from Niterói, state of Rio de Janeiro, Brazil according to the number 
of days after the onset of the symptoms. Cycle threshold (Ct) values 
are shown. NA: not available.
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Despite the increased time required to produce a 
final result, virus isolation is still the “gold-standard” 
technique for the diagnosis of dengue infection. After 
the inoculation of C6/36 cells with the viral isolates, 
DENV-4 could be recovered and genotyped in five of 
the human cases. This technique is important because 
virus can be isolated from the supernatant and used for 
molecular epidemiologic studies by partial or complete 
viral genome sequencing. Sequencing and phylogenetic 
analysis have characterised Brazilian DENV-4 as be-
longing to genotype II (de Sousa et al. 2011).

All individual macerates were initially subjected to 
conventional RT-PCR, virus isolation and Simplexa™ 
Dengue real-time RT-PCR. Of the 19 total adult mos-
quitoes (13 males and 6 females) that were collected, 
DENV-4 was identified by conventional RT-PCR in a 
single female Ae. aegypti mosquito (1/72; 1.4%) that was 
captured in one of the residences (15.2). Due to the nature 
of the genetic material of these mosquitoes, there were 
many non-specific bands that were visualised on the 
agarose gel (Fig. 3); therefore, all of the macerates were 
separately retested using conventional RT-PCR with all 
four typing primers (TS1, TS2, TS3 and TS4). The same 
Ae. aegypti female, designated 15.2.4/11, was also the 
only mosquito that was found to be positive for DENV-
4 when all macerates were subjected to the Simplexa™ 
Dengue real-time RT-PCR assay and the mosquito was 
identified as having a Ct value of 23.5 (Fig. 4). No vi-
ruses were recovered from any of the 72 macerates when 
viral isolation using C6/36 cells was attempted. Real-
time RT-PCR detected 1.08 x 103 copies/mL of DENV-4 
in the macerate from the single Ae. aegypti female that 
was naturally infected. 

A single Ae. aegypti female collected at a residence 
in site #1 was identified to be positive for DENV-4 infec-
tion by molecular techniques. Additionally, we performed 
both a NS1 capture ELISA and a NS1 Ag Strip test on 
all of the 47 macerates that were available from the same 

location. The same female mosquito (15.2.4/11) was posi-
tive by both of the NS1 tests. Interestingly, both tests also 
detected NS1 in a macerate from an Ae. aegpypti male 
mosquito (15.2.3). The use of the NS1 antigen capture 
kit for the detection of DENV antigens from Ae. aegypti 
mosquitoes has recently been demonstrated (Tan et al. 
2011). However, none of the other techniques that were 
available could confirm infection or verify the infecting 
serotype. The transovarial transmission of DENV, which 
occurs when the virus is transmitted to the progeny of an 
infected female, has been reported previously (Khin & 
Khin 1983, Joshi et al. 2002, Le Goff et al. 2011).

DENV detection rates from Aedes mosquitoes by 
RT-PCR may vary depending on the geographical loca-
tion, epidemiological background or the vector popula-
tion. In Taiwan, only 0.2% of Ae. aegypti females that 
were analysed were positive for DENV (Chen et al. 
2010). However, it has been shown that 16.1% of the 
Ae. aegypti females that were collected from Mexican 
schools were infected with DENV (García-Rejón et al. 
2011). In Brazil, previous studies showed that 17% of the 
Ae. aegypti mosquitoes were infected in a DENV-3 sur-
veillance program that was initiated during an epidemic 
in the city of Manaus, located in the northern region of 
Brazil (Pinheiro et al. 2005). Conversely, only 0.1% of 
adult mosquitoes were found to be infected with DENV-
3 in an entomological surveillance study performed in 
RJ during the inter-epidemic year of 2006 (unpublished 
observations). In Recife, located in northeastern Brazil, 
10% of the tested pools were infected and, despite the 

Fig. 4: Simplexa™ Dengue real-time reverse transcriptase-polymerase 
chain reaction amplification on Aedes aegypti mosquitoes collected 
in the neighbourhood of São Domingos, Niterói, state of Rio de Ja-
neiro, Brazil and individually macerated. Experiment report sheet 
after reaction. Samples 5C-E, G, H: negative Ae. aegypti macerates 
samples #15.4.1/11, #15.4.2/11, #15.4.3/11, #15.4.5/11 and #15.4.6/11, 
respectively; 5F: Ae. aegypti female #15.2.4/11 positive for dengue 
virus type 4 (DENV-4) at a cycle threshold of 23.5; red line: DENV-4 
probe fluorophore CFR610; purple line: internal control (IC); green 
line: probe fluorophore Q670.

Fig. 3: conventional reverse transcriptase-polymerase chain reaction 
agarose gel electrophoresis analysis from Aedes aegypti adult mos-
quitoes, individually macerated from the entomological surveillance 
performed in nine residential and non-residential locations in the São 
Domingos neighbourhood, Niterói, state of Rio de Janeiro, Brazil 
in 2011. Lanes 1, 14, 15, 25: 100 bp molecular weight (Invitrogen); 
2-12, 16-19: Ae. aegypti macerates; 5: dengue virus type 4 (DENV-4) 
positive Ae. aegypti individually macerated; 13: DENV-1-4 positive 
controls mix; 20: negative control (water); 21-24: DENV-1-4 positive 
controls, respectively.
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predominance of DENV-3 in human cases of dengue in-
fection, both DENV-2 and DENV-1 were also detected 
in mosquitoes (Guedes et al. 2010).

During an entomological surveillance program per-
formed in RJ by our group in 2001, DENV-1 was also 
detected in Ae. aegypti mosquitoes when the presence of 
DENV-3 was being investigated. Likewise, DENV-1 was 
also detected during a DENV-4 surveillance study in RR 
in 2010 (MG de Castro et al., unpublished observations). 
It has been suggested that a predominant serotype may 
persist for one or two years until it is replaced by a new 
serotype (Chow et al. 1998). In the present study, infec-
tion with DENV-4 in humans and mosquitoes was con-
firmed during an explosive DENV-1 epidemic in RJ, as 
well as in other Brazilian states. During this epidemic, 
approximately 87% of the confirmed dengue cases that 
were reported in 2011 were confirmed to be DENV-1 
infections (MS/SVS 2011).

Real-time RT-PCR methods have been established as 
a more rapid and sensitive technique for the detection 
and quantification of DENV in clinical samples (Dros-
ten et al. 2002, Lai et al. 2007). In this study, we used 
quantitative real-time RT-PCR to quantify the DENV-4 
viral titre (1.08 x 103 copies/mL) from a single Ae. ae-
gypti female mosquito that was naturally infected and 
individually macerated. 

We also evaluated, for the first time, the effectiveness 
of the Simplexa™ Dengue real-time RT-PCR kit for the 
detection and genotyping of DENV in both human cases 
and Ae. aegypti samples. All of the DENV-4 human cas-
es that were analysed in this study were confirmed using 
a commercial real-time RT-PCR kit. The Ct values that 
were observed ranged from 16.8-35.1 (mean ± 25.0). The 
Ct values in a real-time PCR assay are inversely propor-
tional to the amount of target nucleic acid that is present 
in the sample. Because all of the samples were obtained 
during the acute phase of disease (2 samples within 4 
days of the onset of symptoms, 3 samples within 2 days 
of the onset of symptoms, 3 samples within 1 day of the 
onset of symptoms and 1 sample in which the timing 
was unknown), high viraemia levels would be expect-
ed, resulting in lower Ct values (Fig. 2). From all of the 
Ae. aegypti macerates that were subjected to the Sim- 
plexa™ Dengue real-time RT-PCR analysis, only female 
15.2.4/11 was positive for DENV-4 and was observed to 
have a low Ct value (23.5). This suggests that there was a 
high viral load in the single female (Fig. 3).

Despite the confirmation of DENV-4 cases in RJ, 
a major DENV-1 epidemic was established at the same 
time. In December 2011, a new DENV-4 case was iden-
tified in Niterói and confirmed by the laboratory meth-
ods that were available. This case was identified eight 
months after the first cases were confirmed. Therefore, 
our overall results with regard to the laboratory diag-
nosis and entomological surveillance of dengue using 
molecular techniques, such as conventional RT-PCR and 
real-time RT-PCR, show that these approaches are fast, 
reliable, sensitive and specific for dengue serotype sur-
veillance. Furthermore, these techniques were found to 
still be effective when a new serotype is introduced or 
when a serotype re-emerges during a dengue epidemic 
of a different serotype. 
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