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ABSTRACT. Most molecular protocols for Dengue virus detection
described so far are time consuming and cumbersome with mosquito
samples. In order to count with a sensitive and specific molecular
detection system for monitoring possible Dengue outbreaks and
circulating viral serotypes in field-caught Aedes aegypti populations
from Northeastern Argentina, a RT-PCR and RFLP assay was
developed. The original RT-PCR assay proposed by Sudiro et al. for
human serum was optimized for mosquito samples. Modifications
were done at the RNA extraction-purification and at the thermal
profile steps. The generic 230 bp amplicon was validated by RFLP
assay and cycle sequencing. Results showed that, due to the generic
characteristic of the primers used, certain mosquito genome regions
could be co-amplified, making confirmation of the Dengue specific
amplicon by RFLP assay a required step. Under these conditions,
the proposed method can be employed as a Dengue viral generic
screening procedure in Aedes aegypti mosquito samples, giving in
our hands an estimated 99.52% of confirmed negatives (207/208
tested samples).
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RESUMEN. Numerosos protocolos propuestos para la detección
del virus del Dengue requieren de un tiempo prolongado de ejecu-
ción o bien presentan dificultades metodológicas con muestras de
mosquitos. Por este motivo, se desarrolló un ensayo de RT-PCR y
RFLP con el objeto de disponer de un sistema molecular sensible y
específico, capaz de detectar potenciales brotes epidémicos de Den-
gue y serotipos virales circulantes en mosquitos Aedes aegypti cap-
turados a campo en la región nordeste de Argentina. El protocolo
original de RT-PCR propuesto por Sudiro et al para la detección vi-
ral en suero humano fue optimizado para muestras de mosquitos.
Las modificaciones se realizaron a nivel de las etapas de extracción-
purificación y ciclado térmico. El producto genérico de 230 bp fue
autenticado por RFLP y secuenciación cíclica. Los resultados mos-
traron que debido a la naturaleza genérica de los cebadores emplea-
dos, ciertas regiones genómicas del vector podrían ser co-amplifica-
das, considerando por ello necesario la validación del producto
mediante RFLP. Bajo estas condiciones de trabajo, el método pro-
puesto puede ser empleado en procedimientos de tamizaje viral ge-
nérico con muestras de vector Aedes aegypti, generando un 99.52%
de negativos confirmados (207/208 muestras analizadas).
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Vol. 47, Nos. 3-4
July - September. 2005

October - December. 2005
pp. 82 - 87

INTRODUCTION

Dengue Fever (DF) and Dengue Haemorrhagic Fever
(DHF) are caused by infection with any of the four Dengue
virus serotypes (DV1-4). These pathologies have special
sanitary interest due to their social and economic impact
during epidemics.18 Dengue viruses are mainly transmitted
by Aedes aegypti, a mosquito that grows up in breeding
containers maintained by rain or human activity. Its
expansion to different areas of the American continent is
determined by ecological changes and human behavior that
enhance the ocurrence of breeding places.17 The 1981 and
1997 outbreaks suffered in Cuba showed that Dengue does

occur when no precautions are taken regarding vector
surveillance.11 Thus, prevention and control of epidemic
outbreaks are sustained by vector surveillance and by the
identification of declared human cases. A permanent
surveillance system allows the implementation of direct
actions, like the application of insecticides and destruction
of larvae population habitat.17

By 1955, when Aedes aegypti eradication campaign be-
gan in Argentina, the infested area included all the northern
provinces with template and subtropical weather. In 1963,
the program considered Argentina free of Aedes aegypti,19

but unfortunately, in 1986 the reinfestation was officially
declared, being the aforementioned regions regained by the
mosquito.4 In accordance with this data, between October
1998 and December 2000 we have continuously detected,
at predetermined monitoring stations, the presence of
Aedes aegypti in Posadas, Northeastern Argentina.

Although no epidemic has ocurred at Posadas yet, the
present situation is of concern due to the regional
epidemiological history. More than 25,000 cases have
ocurred in nearby Paraguay from December 1999 to March
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2000, being 9 of them Dengue haemorragic fever cases.3,14

Adding up to this perspective, the frontier between Posadas
(Argentina) and Encarnación (Paraguay) is under a relaxed
control system, and is not properly prepared to detect
imported Dengue human cases. This situation is similar to
that occurred in Salta, a northwest province from Argentina
at the borderline with Bolivia, before the Dengue outbreak
of 1997.2

When adult mosquito density is low, direct entomological
monitoring is not a sensitive indicator for outbreaks
prevention. It is in this particular situation that detection of
Dengue viruses in vector populations becomes an important
element as part of an early alert system. Moreover, this kind
of analysis, allows to position the vector as the primary and
necessary element in the transmission cycle during
epidemiological evaluations,6,23

MATERIAL AND METHODS

Dengue virus controls for RT-PCR set-up

Four different types of controls were employed: I)
1x107 PFU/ml of DV2 viral particles, resuspended in PBS;
II) 1x107 PFU/ml of DV2 viral particles, resuspended in
human serum; III) 1x107 PFU/ml of DV2 viral particles
resuspended in Aedes aegypti mosquito heads.16 IV)
Uninfected mosquito heads used as negative control. The
DV2 strain was kindly provided by the Flavivirus
Laboratory, Oswaldo Cruz Institute, RJ, Brazil. Although
transovarial transmission is a rarely occurring event in
Aedes aegypti, in order to avoid this phenomena all
mosquitoes employed as negative control came from pools
grown up in laboratory conditions.

RT-PCR protocol tested with mosquito samples from
natural populations

Two hundred and eight adult female Aedes aegypti
mosquitoes were captured from five monitoring stations
placed at Posadas, Province of Misiones, Argentina. The
captures were performed with traps developed by the
Center for Disease Control (U.S.A.) and/or a hand nest6, 10

on a weekly basis during the last two hours of the evening.
Trapped mosquitoes were put into a 1.5 ml microcentrifuge
tube and placed on ice, transported to the laboratory and
frozen at -20°C until being analyzed. Taxonomic
classification of captured mosquitoes was done in
collaboration with the Ecology Department, National
University of Misiones, in accordance with Consoli & de
Oliveira7 guidelines.

Total RNA extraction and purification from mosquitoes

Mosquito heads were separated from their bodies using
a pair of sterile needles and put into a 1.5 ml
microcentrifuge tube. One hundred microliters from each
Dengue RT-PCR control was added to individual
laboratory grown mosquitoes heads, and mixed with 100 µl
of lysis buffer (6M guanidine isothiocianate, 50 mM
sodium citrate, 1% Sarkosil, 20 mg/ml E. coli tRNA, 100
mM β-mercaptoethanol).9 Alternatively, 100 µl of
phosphate buffered saline (PBS) was added to single
mosquito heads coming from field samples (natural
populations), and mixed with lysis buffer. All heads were
macerated in a glass micromortar. Finally, they were
clarified by centrifugation for 1 minute at 1,000 rpm.

Originally, the supernatant was purified twice with 100
µl of phenol/chloroform/isoamyl alcohol mixture
(25:24:1). In order to optimize the retention of RNA
molecules in the aqueous phase,22 this step was later
modified by using acid phenol instead of phenol pH 8. Five
microliters of acid silica solution were added to each
sample for RNA concentration purposes.5 The mixture was
incubated for 5 minutes at room temperature and pelleted
by centrifugation. Each sediment was treated twice with
200 µl of washing buffer (50% ethanol, 10 mM Tris pH
7.4, 1 mM EDTA, 50 mM NaCl).9 Finally, samples were
resuspended and incubated for 5 minutes at 55°C in 15 µl
of nuclease free water, containing 5 mM DTT, and 1U/µl
RNAseOUT (GIBCO BRL). After centrifugation, the
supernatant was transferred to a new tube and frozen until
amplification.

Reverse Transcription and generic PCR

The RT-PCR reaction was performed with the
primers originally described by Sudiro et al., that target
the regulatory 3’UTR genome region of all four DV and
giving a single product of 230 bp.20 In this work, the
AMV retrotranscriptase was replaced by the rTth pol
enzyme (Promega) for its property of being a dual
enzyme, and the thermal profile included: 10 minutes at
50°C, 10 minutes at 55°C and 20 minutes at 60°C,
followed by 10 cycles of 45 seconds at 92°C, 45 seconds
at 56°C, 1 minute at 72°C and lastly by 30 cycles of 45
seconds at 92°C, 45 seconds at 53°C, 1 minute at 72°C
with a final extension step of 10 minutes at 72°C. The
reaction mixture for RT was: 10 mM Tris-HCl pH 8.3,
90 mM KCl, 1 mM MnCl2, 200 µM of each dNTP, 5 mM
DTT, 2 U/µl RNAseOUT (GIBCO BRL), 1 pmol/µl
antisense primer, and 0,25 U/µl rTth pol enzyme, in a
final volume of 10 µl. The PCR reaction mixture
contained quelate buffer (10 mM Tris-HCl pH 8.3, 0.1
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M KCl, 0.75 mM EGTA, 0.05% Tween20™ 5 % glycer-
ol), 2 mM MgCl2, 200 µM of each dNTP, and 1 pmol/µl
sense primer, in a final volume of 25 µl.

RFLP Assay

Data from DV 3’UTR region was obtained from
Genbank (DV1 S275/90 strain, M87512; DV2 Jamaica
strain, M20558; DV3 H87 strain, M93130; and DV4
Caribbean 814669 strain, M14931). Multiple sequence
alignment was done with the Clustal W 1.74 computer
program and a conserved RsaI restriction site was found for
all four serotypes. Besides, an additional conserved RsaI
site was located on DV 3 and 4 (Fig. 1a). Controls named
as PTA-D1.1 (DV1), PTA-D2.5 (DV2), PTA-D3.5 (DV3)
and PTA-D4.2 (DV4) were amplified and analyzed by
RFLP. For DV1 and 2, the RFLP pattern produced two
fragments of approximately 160 bp and 70 bp, while for
DV3 and 4 three fragments lighter than 100 bp, as detected
by agarose gel electrophoresis (Fig. 1b).

RT-PCR amplicon cloning and cycle sequencing

RT-PCR products (controls and samples) were subcloned
into the pGEM-T easy (Promega) cloning vector, and
transformed into E. coli DH5aF’ strain. The recombinant
plasmids were recovered by the alkaline lysis method. The
230 bp cloned fragments were recovered by Eco RI enzymatic
digestion, and separated by LMP agarose gel electrophoresis.
Final fragment purification was done by spin silica columns
method (Wizard SV Gel and PCR Clean-up System, Promega
Corp.). One hundred and fifty nanograms from each purified
fragment was employed for cycle sequencing, following
manufacturer specifications (Thermo Sequenase Radiolabeled

Terminator Cycle Sequencing Kit, Amersham Pharmacia
Biotech). The obtained sequences were compared against
those from Genbank.

RESULTS

In order to develop a sensitive and specific molecular
method for DV monitoring in field caught Aedes aegypti
mosquitoes, standard assays proposed for human serum
samples were employed as a starting point. The generic
method proposed by Sudiro et al20 was selected in first
instance, although its application to mosquito samples and
controls produced several unexpected electrophoretic
bands (Fig. 2). Nevertheless, in this first approximation 10
field caught mosquito samples also showed a 230 bp
amplification product as the expected DV generic band
(Fig. 2, lanes 8-12). Repurification of mosquito samples
with acid phenol and the introduction of modifications in
RT-PCR conditions eliminated the nonspecific band
pattern observed, being now the 230 bp product present
only in one mosquito sample (A1-2) (Fig. 3).

This putative positive amplification fragment was
further checked by RFLP, giving two fragments of,
approximately, 160 bp and 70 bp as analyzed by agarose
gel electrophoresis (data not shown). When the digestion
mixture was separated by polyacrilamide gel electro-
phoresis and compared to those coming from a DV2 con-
trol, the increased gel resolution allowed to observe differ-
ences in the migration band pattern (Fig. 4a).

Complete sequencing of the aforementioned ampli-
fication product was compared against the four DV ge-
nomes. The alignment showed only 31.4% sequence ho-
mology. Therefore, although having a proper size and a
RsaI restriction site, this amplicon did not belong to any

Figure 1a. Multiple sequence alignment
of DV 3’UTR partial region. The first
nucleotide corresponds to genome
position 10406 (DV1, M87512), 10408
(DV2, M20558), 10387 (DV3, M93130)
and 10322 (DV4, M14931). Complete
sequence homology is highlighted in
grey. RsaI restriction sites (GTAC) are
remarked in black.
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DV genome (Fig. 4b), making RFLP analysis by polyacril-
amide gel electrophoresis a required step for this proposed
methodology. Taking into account all these consider-
ations, the present method showed a good negative pre-
diction value, established as 99.52% of confirmed nega-
tives in our hands (207/208 tested samples).

DISCUSSION

Since Aedes aegypti is the main transmission vector for
Dengue viruses,1,15,17,23 an affordable and rapid molecular

detection method for infected mosquitoes would be very
useful in screening field caught mosquito pools in Dengue
prone or vulnerable areas. This approach could be applied
in an early warning strategy, helping public health policy
design. Ideally, a general screening strategy would be
benefited with a single round RT-PCR amplification
method having the capability of detecting all DV serotypes
in mosquitoes.

Several RT-PCR protocols for DV detection in human
serum samples have been proposed during recent
years.8,12,13,21 They vary, mainly, in target regions and
sensitivity levels. In this work, we have adapted a generic
detection method for DV in human serum samples21 to the
more complex Aedes aegypti mosquito samples.

In order to increase method specificity and sensitivity,
the following changes were introduced to the original
protocol: I) RNA extraction was optimized by the
incorporation of an acid phenol-chloroform-isoamyl
alcohol purification step. This modification selectively
retains RNA in the aqueous phase, eliminating non
desirable genomic DNA.22 II) Replacement of AMV by rTth
polymerase enzyme, for increasing stringency of the RT
reaction by setting the elongation temperature at 60°C. III)
Utilization of a touchdown approach to the annealing
temperature profile, starting at 56°C (first 10 cycles) and
reaching 53°C (last 30 cycles).

Before the introduction of these modifications to the
original protocol, 10 samples out of 208 analyzed (4.8%)

Figure 1b. RFLP analysis of DV controls. Lanes 1-2: DV1, 3-4: DV2, 5-6:
DV3, 7-8: DV4, 9: 100 bp molecular weight ladder, 10-11: PCR controls
(+ and -). Odd lanes, uncut PCR products. Even lanes, RsaI digested
PCR products.

160 bp
230 bp
100 bp

1 2 3 4 5 6 7 8 9 10 11

Putative (-)
mosquito samples

Putative (+)
mosquito samples

MW C(+)

230 bp

1 2 3 4 5 6 7 8 9 10 11 12

Figure 2. RT-PCR DV human serum generic protocol applied to mosquito
samples. Lanes 1 to 5 and 8 to 12: mosquito samples; lane 6: 100 bp
Molecular weight ladder; lane 7: DV2 positive control. The arrow points to
the 230 bp diagnostic generic RT-PCR product.

1 2 3 4 5 6 7 8 9

Figure 3. Standard vs modified protocol conditions. Lanes 1-2: sample
A1-2; lanes 3-4: uninfected mosquito head, spiked with DV2 viral
particles; lanes 5-6: uninfected mosquito head (negative control). Odd
lanes: standard protocol, even lanes: modified protocol. Lane 7: 100 bp
Molecular weight ladder; lanes 8-9: RT-PCR controls (+ and -).
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primarily assigned positive sample. The generic nature
of the primers originally proposed by Sudiro et al al-
lowed the posibility of a complementarity with some
regions of the vector genome. To authenticate the 230
bp obtained amplicon, a RFLP assay was designed em-
ploying the restriction enzyme RsaI (Fig. 1). This ex-
tra methodological step adds sensitivity without in-
creasing complexity to the system. When applyed to
the putative positive product, the analysis by polyac-
rilamide gel electrophoresis showed a readily visible
difference in migration patterns against a DV2 control.
This discrepancy was, initally, attributed to a unspe-
cific amplification product or to the presence of other
flavivirus genome. Complete sequencing showed no
significant homology to any DV serotype or any other
known flavivirus, confirming that product A1-2 was
not Dengue related. This result established that a un-
specific amplification product with a very close mo-
lecular weight to that expected was obtained, possible
from interfering mosquito RNA. Therefore, in this con-
text RFLP patterns must be analyzed by polyacrila-
mide gel eletrophoresis.

Even though, molecular detection techniques are now-
adays widespread primary tools in large screenings dur-
ing DV epidemics and in the continuous monitoring of
endemic areas; extreme care should be employed
regarding sample complexity and analysis of results. In
our experience, molecular techniques should be used as a
first step and not as the only analytical tool for detection
of infected Aedes aegypti. Other methods must be applyed
as confirmatory stages, preferably viral particle isolation
from putative positive mosquito pools and/or sequencing
of diagnostic amplicons, taking extreme care before
reaching any conclusion.

Figure 4a. RFLP analysis of field sample A1-2. Differences observed in
fragments size at the polyacrilamide resolution level. Lane 1-2: uncut and
digested DV2 control RT-PCR fragment. Lane 3-4: uncut and digested
A1-2 sample RT-PCR fragment; lane 5: 100 bp Molecular weight ladder.

257

171

86

54

195
249

A1-2DV2

1 2 3 4 MW

Figure 4b. Multiple sequence alignment
of DV and sample A1-2 3’UTR region
amplified fragment. Homology between
DV and sample A1-2 is highlighted by
asterisks. The RsaI sites are remarked
in black: 1) DV RsaI conserved site, 2)
sample A1-2 RsaI site (detected by
nucleotide sequencing).

showed a putative positive amplicon and heavy banding
pattern (Fig. 2). The new conditions allowed the dissa-
pearance of unspecific bands and the retention of only
one sample (A1-2) with the putative diagnostic amplicon
(Fig. 3).

These preliminary results, prompted us to check the
specificity of the methodology and to authenticate the
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