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Transovarial transmission of dengue virus in
Aedes aegypti in Quezon City*
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Abstract
Introduction   Due to the changing nature of dengue epidemiology and control, this study was
conducted to determine and describe evidence for transovarial transmission of the dengue virus.
Methods This was a quantitative experimental study on the transovarial transmission of the dengue
virus from field-collected Aedes aegypti in an animal model. Viremia was detected by reverse
transcriptase-polymerase chain reaction. Mosquito homogenate was used for intracranial inocula-
tion of the virus into suckling mice. The brains of the suckling mice were extracted and inoculated
intraperitoneally into 3 to 4 week old mice for recording of disease manifestations.
Results The mice infected intraperitoneally with dengue virus from field Aedes mosquitoes showed
evidence of dengue disease manifested through physical signs, thrombocytopenia and histopatho-
logic changes in affected organs.
Conclusion These observations indicate that transovarial transmission of dengue virus can occur
in a highly urbanized locale like Quezon City where dengue cases are high, and virulence may
translate into dengue disease when inoculated in an animal model.
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      ransovarial transmission  of the dengue virus is
     an etiologic phenomenon responsible for the
persistence of the dengue virus during inter-epidemic
periods.1 Certain in-vivo and in-vitro studies
confirmed that mosquitoes demonstrate viral
transmission through vertical transmission via the
transovarial route2,3,4,5,6 and there are even other
studies that provided evidence of transmission up to
the seventh generation.6,7

T The changing nature of dengue epidemiology
and how dengue virus is maintained even during
these inter-epidemic periods form questions that led
to different researches to evaluate the importance of
transovarial transmission in dengue virus.5 However,
the Philippines, one of  the countries which suffered
substantially from the dengue epidemic, still has
limited studies related to the transmission of dengue
virus and on useful animal models to understand
dengue pathogenesis. Given that Quezon City has
been declared by the Department of Health as an
urban dengue hotspot, the transovarial transmission
of the dengue virus by Aedes aegypti must still be
considered to contribute in the maintenance of the
virus in the area, and as a potential source for
introduction of the dengue virus during a possible
epidemic period. This study aimed to determine and
describe evidences of transovarial transmission of
dengue virus from field collected Aedes aegypti and
describe virulence in an animal model based on
disease manifestation.
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Methods
This was a quantitative experimental laboratory study.
Field larval Aedes aegypti samples from Quezon City
(endemic Philippine strain) were used for viral
analysis. Suckling mice and 3 to 4 week old mice
were obtained from the Research Institute for Tropical
Medicine (RITM) Veterinary Medicine and housed
in specific pathogen-free conditions at the UP Manila
Department of Biochemistry and Molecular Biology
Laboratory. All procedures were approved by the
Animal Ethics Committee of  the RITM Veterinary
Medicine.

Mosquito samples

Larval samples were collected in containers with
tight lids to prevent escape and reared in the
laboratory until they developed into adults. Five male
and five female mosquitoes from each location
(Basila, Camiling, RITM) were then randomly
selected and allowed to lay their eggs until they
hatched. These samples were then reared for the next
generation. The F1 progeny were reared to adulthood
and were retained for 5 to 7 days after emergence in
order to guarantee mating. Pupae were collected
routinely in order to prevent the adult mosquito from
emerging in the larval rearing container. Adults were
kept in sturdy cages. A similar procedure was
performed until the F2 generation.

Molecular diagnosis and viremia detection

Detection of dengue virus in adult mosquitoes
was performed with serotype-specific primers by using
reverse transcriptase-polymerase chain reaction (RT-
PCR). Mosquito pools were homogenized with a
sample disruptor and then centrifuged. Total RNA
was extracted from the mosquito suspension. Using
the RNA extracts as template, the dengue viral genes
were amplified by real-time PCR. Nested RT-PCR of
dengue virus RNA was carried out with dengue virus
consensus and serotype specific primers. Five
microliters of  RNA in 50uL reaction volume were
used with QIAGEN OneStep RT PCR kit
(QIAGEN™). RT-PCR was carried out according
to the manufacturer’s instructions with a 55oC
annealing temperature. The resultant PCR product
was diluted in 1:100 in water. Nested PCR was carried
out with 5uL of  diluted RT-PCR product in a 50uL
reaction volume with the TaqPCR Master Mix Kit

(QUIAGEN™). Initial denaturation of 3 minutes at
94oC was followed by 25 cycles, each consisting of
94oC for 30 seconds, 50oC for 1 minute, and 72oC for
1 minute, followed by a final extension step of  72oC
for 10 minutes.

Dengue serotypes were identified and detected for
the 15 male and 15 female mosquitoes of the parent
generation using RT- PCR. Only those that turned
out positive for viral presence were continued for
monitoring and were bred again for the succeeding
generation. Those that turned negative were
discarded; one pair was maintained as the control.
This procedure was repeated until the second
generation (F2). PCR products were analyzed by gel
electrophoresis using a 2% agarose gel (Vivantis™)
containing Gel Red (0.5 ug/mL). A 100 bp ladder
was used as a size standard. A band on the agarose
gel of the correct size (200 to 500 bp depending on
the viral type) was interpreted as a positive result. A
faint band of the correct size was considered an
equivocal result while the absence of bands was
interpreted as a negative result. Shaved ICR mice,
which were RT-PCR verified to be dengue negative
were used as blood source for the female Aedes
mosquitoes.

Animal injection

1) Intracranial injection of  dengue virus in mice.

Living Aedes aegypti female mosquitoes were held
for 24 hours, identified and frozen.  Pools of
approximately 10 to 15 Aedes mosquitoes were ground
and homogenized and suspended in phosphate
buffered saline (PBS). The supernatant obtained by
centrifugation at 10,000 rev/min for 30 minutes was
inoculated intracranially into the 1 to 2 day old
suckling albino ICR mice. The amount of  viral-
positive extract injected was calculated accordingly
at 2 mg/uL per gram body weight.

Two suckling mice per site and per generation
per treatment were injected with the extract, and the
treatments included: 1) parent mosquito extracts,
2) F1 adult mosquito progeny extracts, 3) F2 adult
mosquito progeny extracts and 4) PBS-injected mice
that served as the control. Quantitative determination
of virus activity was based upon the intracranial
inoculation. In the intracranial inoculation of the
suckling mice, the site (mid frontal area) and depth
of inoculation (2 mm) were carefully controlled in
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order to ensure greatest uniformity and sensitivity of
virus detection.

Disease manifestations in the mice - fatal or
otherwise - were recorded. On the 7th day, the mice
were terminated using standard procedures, and
blood was recovered by heart puncture for dengue
RT-PCR and complete blood count, and the brains
of infected and uninfected control were removed with
sterile syringes and prepared as a 20% PBS solution.
The mice brains were macerated and the suspensions
were centrifuged, while the supernatant were
aliquoted and stored. This was then inoculated
intraperitoneally to another set of 3 to 4 week old
female mice.

2) Intraperitoneal infection in mice

Juvenile mice 3 to 4 weeks old were inoculated
intraperitoneally with 150 uL infected viral
suspension (from brains of suckling mice) per
treatment (parent, F1, F2,  and control per site) and
with 150 uL PBS for the control. Mice were kept for
21 days after inoculation and during this time,
occurrence of disease and signs of specific infection,
fatal or otherwise were noted. One mouse from each
generation (parent, F1, and F2) of each site (Basila,
Camiling, RITM) and one control mouse were
sacrificed for brain and other organ analysis on the
21st day post-inoculation.

Temperature

The 3 to 4 week old mice were housed in a
temperature- and humidity-controlled environment
with a 12:12 hour light-dark cycle and with food
and water available for 21 days. Mouse anal
temperature was measured with a thermocouple
thermometer (model BAT-10R) using a RET-3 probe
on day 21. The mean temperature reading was
recorded once the value settled for at least 5 seconds.

Platelet count

Platelet count was performed using standard
methods. Whole blood extracted through a capillary
tube was immersed in 40 uL RBC lysis buffer and 20
uL 0.1% formaldehyde for preservation prior to
platelet count. After the baseline blood extraction,
more blood from the tail vein region was obtained
on the 1st, 3rd, 6th, 9th, 12th, and 15th day. Platelets were

counted under a l ight microscope using a
hemocytometer. For the purpose of  calculating the
total platelet count, the following variables were
considered: area of  the counting chamber, dilution
factor and constant were also processed. ANOVA was
used to compare mean platelet count of the groups
(Basila, Camiling and RITM) with the control.

Analysis of  the brain, kidney, liver and spleen

All mice were sacrificed on the 21st day; the
kidney, liver, brain and spleen were removed for
histological analysis. Euthanasia using cervical
dislocation was done according to standard
guidelines. Infection in the brain was determined
performing histological analysis of cerebrocortical
areas. Macroscopic examination was performed for
physical manifestations of  infection. The kidneys,
livers and spleens of the mice were removed and
macerated to obtain a cell suspension. Microscopic
analysis for evidence of virus infection in these organs
was documented.

Results

Diagnosis of dengue virus in mosquito samples

Results showed a detectable and strong dengue
viral presence, predominantly DEN-2, DEN-3, and
DEN-4, in the Aedes aegypti mosquito bodies of the
research samples (Basila, Camiling, RITM) for each
generation, and there was no detectable dengue viral
presence in the negative controls. The profile of
dengue virus serotypes for each group (Basila,
Camiling, RITM) and for each generation is
summarized in Table 1.

Survival Rate and Virus Proliferation in Suckling Mice

There was a decrease in  survival of the suckling
mice among the aggregate groups of parent (67% by
day 7) and F2 generation (67% by day 7) coming
from Basila, Camiling and RITM as shown in Figure
1. All mice from the control group survived. Infection
was clearly observed between day 1 and day 3 in the
parent suckling mice group (Basila, Camiling,
RITM). Two out of the six mice did not exhibit
definite paralysis but showed weakened motor
movement, three of the six had marked paralysis of
one or two legs, and one was classified as sick. Two
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mice (33%) with marked paralysis (one Basila, one
RITM), died on day 4 with signs of  hemorrhage.
Four of  the six mice (67%) from the F1 suckling mice
group (Basila, Camiling and RITM) were categorized
as weak clinical condition but had no definite
paralysis. Two out of the six mice (33%) were
categorized as slight paralysis of one or both hind
legs. There was mortality after 7 days of observation.
Three of the six mice (50%) from the F2 suckling
mice group (Basila, Camiling, RITM) were
categorized as weak condition with no definite
paralysis. One of the three improved its condition
on day 5, with faster movement and reflexes. Two
mice with slight paralysis (33%) and one mouse
(17%) with marked paralysis died on day 5 (RITM
and Basila) with signs of  hemorrhage. There was no
apparent change in the negative control group within
the 7 day observation period.

Survival Rate and Disease Manifestation in Mice

There was a decreased survival of the 3 to 4 week
old mice among the aggregate groups of parent (89%
by day 15), F1 generation (78% by day 15) and F2
generation (78% by day 15) coming from Basila,
Camiling and RITM as shown in Figure 2. All mice
from the control group survived. For the parent group
of Basila, Camiling and RITM, five out of the nine

Table 1.   Profile of  dengue virus serotypes (DEN-1, DEN-2, DEN-3, DEN-4) present in field collected  Aedes aegypti mosquitoes from
Quezon City and RITM using RT-PCR.

Sample Code* Ordinary PCR for specific DEN serotype** Remarks***
  DEN TS1    DEN TS2   DEN TS3   DEN TS4

B Parent - + + - Strongly positive for DEN virus
B F1 + + - + Strongly positive for DEN virus
B F2 - + + + Strongly positive for DEN virus
C Parent - + + + Strongly positive for DEN virus
C F1 + + - + Strongly positive for DEN virus
C F2 + + + + Strongly positive for DEN virus
R Parent + + + - Strongly positive for DEN virus
R F1 - - + + Strongly positive for DEN virus
R F2 + + + + Strongly positive for DEN virus
NC Parent - - - - Negative
NC F1 - - - - Negative
NC F2 - - - - Negative

    * B - Basila; C - Camiling; R - RITM; NC - Negative Control
  ** "+" means presence of PCR product, "-" means absence of target PCR product
*** Strongly positive means more than two positive scores or with presence of DEN 2. Weakly positive means < 2 positive scores and
      signal is weak or PCR product size is not the one expected (ie possible alternative genotype)

mice (56%), were categorized as weak; they exhibited
no definite paralysis but had weakened physical
activity with ruffling of their fur; three of the nine
(33%) had slight paralysis of one or both legs and
continuous ruffling of fur; and one (11%) was
classified as marked paralysis. Conditions usually
improved before reaching day 15. One mouse from
Basila (P) categorized with marked paralysis died
on day 1.

Figure 1.  Survival rate among the control and suckling mice
inoculated intracranially with dengue virus (Parent, F1, F2) at
post infection, n=20.
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Figure 2.  Survival rate among the control and mice inoculated
intraperitoneally with dengue virus using suckling mice brain
suspension (Parent, F1, F2) at post infection, n=30.

Four of  the nine mice (44%) from the F1 group
(Basila, Camiling, RITM) were categorized as weak
but had no definite paralysis, weakened physical
activity and ruffling of  fur. Four of  the nine mice
(44%) were categorized as slight paralysis of one or
both hind legs, and ruffling of  fur; one mouse (11%)
was categorized as sick. While most of the mice
showed improved reflexes and mobility before
reaching day 15, these mice were becoming heavier
and fatter, meaning their livers may have been
affected. There were two mortalities, Basila and RITM
F1, after day 3 and day 6, respectively.

Four of  the nine mice (44%) from the F2 group
(Basila, Camiling, RITM) were categorized as weak
condition with no definite paralysis and continuous
ruffling of  fur. All of  the mice’s condition improved
on day 12. One mouse was categorized as sick but
also improved its condition by day 12. Two mice
(22%) categorized as slight paralysis and as marked
paralysis died (Camiling and RITM) on days 3 and
9, respectively.

In general, after inoculation of the viral brain
suspension into the 3 to 4 week old mice, weanling
mice appeared well until day 3, when a number of
these mice became lethargic, developed ruffled fur,
and even stopped feeding. Five of the 27 mice (19%
mortality) died by the end of the first week; death
was preceded by tonic seizures. There was no apparent
change in the negative control group within the 15-
day observation period.

Temperature

The normal body temperature of the mice was
35.8oC to 37.6oC. By day 21 post-infection, 13 of the

30 mice (43%) had higher than normal temperatures,
indicative of  mild to severe fever. Five of  the thirty
mice died at various days of the observation period.

Platelet count

The infected mice for Basila, Camiling and RITM
showed significant reduction of the platelet count
between day 3 and day 10 after infection as seen in
Figures 3 to 5; the platelet count subsequently
returned to normal. Mice group of Basila (parent,
F1 and F2) had the lowest platelet count, and were
also the slowest to recover and increase their platelet
count by day 12 and day 15. The Camiling and RITM
groups had higher platelet counts compared to the
control a day after intraperitoneal injection of
suckling mice brain suspension. The Camiling group
had fluctuating mean platelet levels starting day 3
and returned to baseline levels by day 15.

Table 2 shows significant differences among
control, parent, F1 and F2 in the Basila, Camiling
and RITM groups. The subset analysis for the Basila
group shows that control and F2 are similar but
different from parent and F1 (P = 0.004). The
Camiling group shows that F2 is significantly different
from control, parent and F1 combined (P = 0.029).
The RITM group shows no significant differences
among control, parent, F1 and F2 platelet counts
(P = 0.287).

Table 2.  Comparison of control with mean platelet count of
treatment groups (B, C and R), 21-days post infection in mice.

Mean Subset F-value P-value
(cells/mL)

Basila
Control 9718.479 1
Parent 6169.512 2 5.797 0.004
F1 6573.824 2
F2 9389.039 1

Camiling
Control 9718.479 1
Parent 9389.039 1 3.559 0.029
F1 10916.44 1
F2 7457.323 2

RITM
Control 9718.479 1
Parent 10676.85 1 1.332 0.287
F1 8805.031 1
F2 9029.65 1
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Histopathological Analysis

Signs of hemorrhage and inflammatory
perivascular cuffing were observed in the brains of
the infected mice. Although there was no definite
astrocytosis (an indication of viral infection), there
was evidence of lymphocytic infiltration and
nucleolar structure alteration for both sub-cortex and
cerebral cortex of the infected mice brains. These
alterations in neurons showed degenerative changes
wherein nuclei appeared pushed to the corner and
were condensed into chromatin masses.

There were no significant hemorrhagic lesions
in the spleens of  the infected mice. Their spleens did
not appear enlarged compared to the controls. The
livers of infected mice showed inflammatory cell
infiltration. Other areas of the slides showed liver
damage demonstrated by the presence of perivascular
cuffing and vacuolation of hepatic cells in a major
vessel. There was also moderate liver damage
characterized by centrilobular hepatocellular
degeneration showing nuclear destruction. There
were no significant lesions in the livers of the control
group. Focal areas of  perivascular cuffing in the
cortico-medullary junction of kidneys of infected
mice.

Discussion
This study presented data and observations which
confirmed transovarial transmission of dengue
virus  in  Quezon Ci ty  and that  t ransovar ia l
transmission may play an important  role  in
initiating and maintaining the vector-borne disease
in the locality. This study tested the presence of
infectivity through virus detection in adult stages
of  the mosquito, until the F2 generation, and the
inoculation of infection in mice to determine
disease manifestations.

Since the experimental mice were inoculated with
dengue virus from field mosquitoes, there was strong
presumptive evidence of the etiology of the disease
observed. Previous studies reported that mice
inoculated intracranially with active dengue virus
may develop infection that is not only fatal but may
also be asymptomatic.8 This study used suckling mice
to aid in the proliferation of the limited virus present
in mosquito samples. Many successful arbovirus
isolations have been made through intracranial
inoculation into suckling mice, since these suckling

mice are considered a universal host system. The
brains of the suckling mice were extracted and the
suspensions were prepared and injected
intraperitoneally to the 3 to 4 week old mice after 7
days. The clinical behavior and various disease
manifestations of the mice were found to be typical
for dengue virus infection. These included the onset
of  high fever, rash, joint, muscle pain with apparent
decrease in movement, partial or severe paralysis,
some degree of  hemorrhage, low platelet counts, and
liver damage. This study used parameters such as mice
anal temperature, behavioral changes or clinical
condition and progression of disease until day 15,
platelet count, and analysis of the brains and other
organs for morphological and histopathological
abnormalities indicative of dengue infection.

Platelet count served as a useful marker in any
animal model during dengue virus infection.9 In this
study, thrombocytopenia was observed as early as
day 3 until day 12. By day 21, animals became
viremic, indicating that the virus had already spread
systemically and infected other organs as evidenced
by the mononuclear infiltrates and perivascular
cuffing of lymphocytes in the brain and other organs.
The absence of neutrophilic infiltrates strengthens the
presumption that the infection is viral in origin.
Several studies have demonstrated that splenic cells,
hepatocytes and lymphocytes were targets of infection
of  the dengue virus in mice.9 Involvement of  the
central nervous system was confirmed through the
observed changes in physical activity, motor strength
and presence of seizures.

The ecology and mechanisms of transovarial
transmission of dengue virus with respect to disease
outbreak may not yet be fully explored especially in
a country where dengue is dominant.10 Yet, these
findings suggest occurrence of transovarial
transmission of dengue virus by Aedes aegypti in the
selected sites of  Quezon City. Viral infection pattern
of the progeny was observed until the F2 generation.
The study presented the complexities of the
relationship between the transovarial transmission in
mosquitoes with the mice survival, viral replication,
and clinical condition. Early mice mortality
correlated directly with the amount of virus
inoculated. The use of a comprehensive animal
model, whereby a suckling mice model was used for
dengue virus proliferation in the mice brain and a 3
to 4 week old mice model was used to determine
disease manifestation provided evidences, may aid
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in understanding dengue pathogenesis specific to
transovarial transmission of  the virus. Collectively,
these observations suggest that transovarial
transmission of  dengue virus can occur in nature,
and that its virulence can translate into dengue disease
when inoculated in an animal model.

This study provided evidences and confirmed
occurrence of transovarial transmission of dengue
virus in field adult Aedes aegypti mosquitoes in Quezon
City. The examination of  dengue virus for field adult
Aedes mosquitoes yielded positive results for all four
dengue serotypes until the F2 generation. An animal
model was also developed to determine if disease
manifestation typical of dengue infection was
observed upon inoculation of the dengue positive
mosquito homogenate. This animal model showed
that when inoculated intraperitoneally, dengue
manifested with both clinical and physical signs. This
study presents that based on the model used, ICR
mice can be a reservoir of the virus and may be
implicated in the maintenance of the virus in nature
and in the locality.

While vertical transmission may be responsible
for the persistence of dengue virus in nature and
eventually may play an important role in virus
maintenance, its current implications to the disease
epidemiology, and up to some extent, on vector
control (especially larval control), must be further
studied. It is also important to consider genetic
diversity among viruses within a serotype. Factors
such as the biology and biting habits of the vector
mosquitoes, retention of  virulence on succeeding
generations, environmental factors and immune
responses of the population and host susceptibility
must also be put into consideration.

In general, despite the various intensive vector
surveillance and control programs advocated by the
health sector to address challenges of dengue control,
transovarial transmission may have the potential to
increase the probability of  dengue outbreaks, and may
contribute to persistence of dengue hemorrhagic cases
in the locality.
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