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Dear Editor

Dengue has become one of the fastest-grow-
ing mosquito-borne viral diseases worldwide,
causing 390 million infections annually and
imposing an enormous burden on public health
systems, particularly in tropical and subtropi-
cal countries. The World Health Organization
(WHO) included dengue among the 10 priori-
ties of its strategic plan. The WHO estimates
that 40% of the world’s population is at risk
of contracting the disease. Despite extensive
efforts to control dengue through vector man-
agement, outbreaks continue to increase in fre-
quency and geographic extent (1).

Normally, a mosquito becomes infected by
biting an affected person; this is known as hor-
izontal transmission (Fig. 1, Upper panel), when
the virus passes from a human to a mosquito,
then to another human. Another route that keeps
the virus circulating locally is vertical transmis-
sion (Fig. 1, Lower panel). An important but
often overlooked reason for dengue persistence
is vertical (transovarial) transmission of the den-
gue virus (DENV) in Aedes mosquitoes. This
occurs when a mosquito transmits the virus to
its offspring, passing it from an infected fe-
male to the eggs, where it remains in the lar-
vae until adulthood. Unlike the conventional
cycle, which requires mosquitoes to acquire the
virus by feeding on an infected human, verti-
cally infected mosquitoes can emerge already
carrying the virus before their first blood meal.
Thus, newly infected mosquitoes can transmit

the virus without biting any infected person first.
These mosquitoes may become infectious soon
after emergence, potentially initiating transmis-
sion even without an infected human host. The
epidemiological significance of vertical trans-
mission has gained increasing scientific atten-
tion over the past two decades. Numerous stud-
ies have demonstrated natural vertical trans-
mission of all four dengue virus serotypes in
both Aedes aegypti and Aedes albopictus under
laboratory and field conditions. Although re-
ported rates are generally low, even infrequent
transmission can contribute substantially to
long-term virus persistence because mosquito
populations are extremely large and reproduce
continuously throughout the year (2-4).
Vertical transmission could help keep the
virus in an area between epidemics. In endem-
ic areas, the virus may persist through vertical
transmission during low-mosquito seasons, when
horizontal transmission is less likely. Labora-
tory studies with Ae. albopictus and Ae. ae-
gypti have shown that the virus can be trans-
mitted for 3 and 7 consecutive generations, re-
spectively. Vertical transmission under natural
conditions has been described in both Asia and
America. In Asia, it has been confirmed in Thai-
land, India, Malaysia, Singapore, Indonesia and
the Philippines. In America, it has been detect-
ed in Trinidad and Tobago, Bolivia, Argen-
tina, Peru, Mexico, Costa Rica and Brazil (4).
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One major challenge of vertical transmis-
sion is its ability to maintain the virus during
inter-epidemic periods. In many endemic coun-
tries, dengue incidence declines during the dry
season when mosquito density is low. This de-
cline was traditionally assumed to interrupt
virus circulation. However, vertically infected
eggs can survive unfavorable conditions for sev-
eral months. When rainfall returns and eggs
hatch, infected adult mosquitoes may emerge
and serve as the initial source of transmission,
triggering the next epidemic without reintroduc-
tion from infected humans. This mechanism
may partly explain the seasonal re-emergence
of dengue in endemic regions.

Vertical transmission complicates conven-
tional vector control and can make dengue con-
trol difficult. Most programs target adult mos-
quitoes or larval habitats during outbreaks. While
these measures reduce mosquito numbers, they
do not eliminate virus-infected eggs already in
the environment. Aedes eggs resist desicca-
tion and can remain viable for months on the
inner surfaces of water-holding containers. Con-
sequently, infected eggs may survive insecti-
cide applications, sanitation campaigns and tem-
porary reductions in mosquito populations. When
conditions become favorable, these eggs hatch
into infected mosquitoes, allowing the virus to
resume. Epidemiological models show outbreaks
are harder to control when vertical transmis-
sion occurs. Epidemics caused by virus strains
that cannot be transmitted vertically may be
easier to control. The ability to transmit vertically
has a strong genetic component, depending on
the virus strain and mosquito populations (5).

The existence of vertical transmission fur-
ther complicates dengue surveillance. Detec-
tion of dengue virus in field-collected eggs, lar-
vae, pupae or newly emerged adult mosquitoes
provides strong evidence that the virus has been
maintained independently of human infections.
Therefore, routine entomological surveillance
should extend beyond measuring larval indi-
ces such as the House Index, Container Index
and Breteau Index. Incorporating molecular
detection of dengue virus in immature mos-
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quito stages using reverse transcription poly-
merase chain reaction (RT-PCR) or real-time
RT-PCR may serve as a potential early indica-
tor of viral circulation before human cases in-
crease. Such surveillance would strengthen out-
break prediction and enable earlier implemen-
tation of targeted interventions.

Environmental conditions may influence
vertical transmission. It was shown that mos-
quitoes are more likely to hatch from eggs
that hatch slowly when conditions favor larval
development. It is believed that eggs taking
longer to hatch allow the virus to replicate more
and become more abundant until it infects the
embryo. Thus, during less favorable breeding
periods, vertical transmission could be espe-
cially relevant. During droughts, when eggs
remain in this stage longer waiting for rains to
allow larval development, more mosquitoes in-
fected by the mother are expected (6). During
droughts, mosquitoes can become more ag-
gressive, bite more and increase disease trans-
mission risk. Climate change, rapid urbaniza-
tion, inadequate water management and rising
insecticide resistance further amplify vertical
transmission’'s importance. Warmer tempera-
tures accelerate mosquito development and vi-
ral replication, while prolonged rainy seasons
create abundant breeding habitats. Under these
conditions, vertically infected mosquito popu-
lations may establish stable reservoirs, mak-
ing dengue elimination more difficult.

Understanding vertical transmission has be-
come increasingly important as dengue has ex-
panded rapidly into rural and peri-urban re-
gions as an emerging dengue hotspot. Recent
dengue epidemics have demonstrated that trans-
mission is no longer confined to major metro-
politan areas. The emergence of new dengue
hotspots in rural regions raises important ques-
tions about the mechanisms underlying long-
term viral persistence. Investigating vertical
transmission among local Aedes populations
could help explain why outbreaks recur annu-
ally despite seasonal declines in reported hu-
man infections (7).
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Future dengue control strategies should
therefore adopt a more comprehensive ap-
proach. In addition to conventional source re-
duction, integrated vector management should
include continuous surveillance for vertically
transmitted dengue virus, monitoring of infect-
ed eggs and larvae, improved ovitrap surveil-
lance, community participation in eliminating
egg-laying habitats, and research into innova-
tive interventions such as Wolbachia-based
mosquito control, sterile insect techniques and
genetically modified mosquitoes. Mathemati-
cal transmission models should also incorpo-
rate vertical transmission parameters to im-

o Infected human

(viremic)

9 Virus develops in

9 Mosquito acquires
the virus mosquito
The virus replicates and
spreads to the salivary
glands during the
extrinsic incubation
period (= 8-12 days).

A person infected with

dengue virus develops

viremia (virus in blood)
for about 2-7 days.

Aedes mosquito bites
the infected person and
acquires dengue virus
while feeding.

O

{ \ —l [ \
L [ \
* 7 N S | —— Virusin
&7 | salivary
1 3 = \ o/ o )
R

HORIZONTAL TRANSMISSION OF DENGUE VIRUS

Human-Mosquito-Human Transmission Cycle

o Infectious mosquito

KEY POINT
Horizontal transmission requires a bite from an infected mosquito

and occurs between humans and mosquitoes.

MA Miah and A Husna: Vertical Transmission of ...

prove outbreak forecasting and evaluation of
control interventions (7). Although vertical trans-
mission alone cannot sustain large dengue ep-
idemics, it is an important ecological mecha-
nism that enables the dengue virus to persist
between epidemic seasons. Ignoring this hid-
den transmission pathway may partly explain
why dengue remains difficult to eliminate de-
spite decades of vector control. Greater in-
vestment in research on vertical transmission,
especially in the emerging dengue hotspots,
will improve understanding of dengue ecolo-
gy and contribute to more effective and sus-
tainable control strategies.
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Vertical transmission occurs from an infected female mosquito to her offspring (eggs).
It does not require a blood meal and helps the virus persist in nature,
| especially during periods of low human cases.
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Fig. 1. Dengue virus transmission: horizontal transmission (Upper panel) and vertical (transovarial) transmission
(Lower panel) (8)
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