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mosquitoes were studied for their biological characteristics,
susceptibility to oral infection with dengue type 3 and chikun-
gunya viruses and the virus multiplication processes in the
salivary glands were investigated morphologically using an elec-
tron microscope. Biological studies showed that these mosquitoes
were similar with each other in egg production, larval and pupal
developments and speed of blood feeding. Growth curves of dengue
type 3 and chikungunya viruses in Aedes aegypti and Aedes albo-
pictus indicated that both mosquito species were susceptible to
oral infection with these viruses. Electron microscopic obser-
vations of the salivary glands of Aedes aegypti and Aedes albo-
pictus infected with chikungunya virus showed that this organ
plays an important role in producing and maintaining high virus
titers in these mosquitoes. The results suggest that both Aedes
species are potent vectors of dengue and chikungunya viruses in
Indonesia.

INTRODUCTION

Aedes aegypti is a domestic mosquito usually found indoors in
urban areas, while Aedes albopictus 1is widely found outdoors in
rural and urban areas. The breeding sites of these mosquitoes were
found in tires, drums, barrels, water-pots, metal and ceramic
containers, coconut shells, snail shells, tree holes, plant
axiles, cut bamboos and others.” Aedes aegypti is one of the main
vectors of dengue hemorrhagic fever (DHF) virus in Indonesia.
Dengue type 1 (DEN-1) and dengue type 3 (DEN-3) viruses have been
isolated from this species collected in DHF endemic areas of
Indonesia and all of the types of DEN viruses have been already
isolated from the patients suffering from DHF and dengue shock
syndrome (DSS)-g’ 23)

isolated in comparatively high frequencies from the sera of DHF
5, 26)

It was reported that DEN-3 virus was

patients.

Primarily DHF was one of the urban diseases in Indonesia.
Most cases were reported from large cities in Java island such as
Surabaya, Jogyakarta and Jakarta. However, DHF epidemics in 1980
were reported from smaller cities and many rural areas in all

provinces except Timor Timur (East Timor).ZZ)

Up to the present
time, DEN viruses have been isolated only from Aedes aegypti
mosquitoes in Indonesia.

Chikungunya (CHIK) virus, an alphavirus widely distributed in
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Tropical Africa and Southeast Asia, has been isolated from various
species of mosquitoes including Aedes aegypti, Aedes africanus,
1)

Culex fatigans and Culex -tritaeniorhynchus. It has been reported
that the multiplication of DEN and CHIK viruses in Aedes aegypti
and Aedes albopictus were of similar pattern, and it is well known
that there are wide variations in susceptibility to infection with
these viruses among different species of mosquitoes and different
strains of the same species.3’ 4, 14, 29)

In the transmission of arboviruses, the salivary gland plays
an important role in producing and maintaining high virus titers
throughout the life of the vector.27) The mechanism of transmis-—
sion of these viruses in Aedes mosquitoes was not clarified yet.

The present paper reports on the biological characteristics
of Indonesia colonies of Aedes aegypti and Aedes albopictus
mosquitoes, susceptibility to oral infection with DEN and CHIK
viruses and electronmicroscopic observations of the salivary
glands of these mosquitoes infected with CHIK virus in order to
clarify the roles of Aedes mosquitoes in epidemiology of DEN and
CHIK viruses.

MATERIALS AND METHODS

Mosquitoes

Colonies of Aedes aegypti (Surabaya strain), Aedes albopictus
(Malang strain) were mainly used. For electron microscopy, Aedes
albopictus (Oahu strain) was used as a standard of highly-suscep-
tible strain.14) To make biological studies, the insectary was
maintained at 28C-29C in 50-60% relative humidity (RH) and 12
hr:12 hr (L:D) photoperiod and larvae were given extract yeast
powder. For susceptibility experiments and electron-microscopic
observations, mosquitoes were held at 27C in 70-807 RH and 16 hr:8
hr (L:D) photoperiod and larvae were given a diet of mouse
pellets. Adult mosquitoes were provided with 0.7% sucrose
solution.

Viruses

DEN-3 virus, H87 strain, was provided from the Department of
Microbiology of Kobe University, at the 32th suckling mouse brain
passage. The seed virus was obtained from 107 homogenate of
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infected brain speciments in phosphate-buffered saline (PBS). An
African strain of CHIK virus was also used for mosquito infection,
in which the seed virus was the culture fluid obtained from

infected BHK-21 monolayer cultures.13)

Biological studies

Eggs of the mosquitoes were submerged in distilled water.
After hatching, larvae that reached at the pupal stage were
observed daily. Five-day-old female adult mosquitoes were given
once blood feeding on young chicken. The total number of eggs
produced by each female mosquito was counted. The time needed for
feeding on arms of a volunteer until mosquitoes became fully
engorged was recorded to compare the speed of feeding.

Infection of mosquitoes

For infection of mosquitoes with DEN-3 and CHIK viruses, 4-
to 10-day-old female mosquitoes were allowed to feed on virus-
defibrinated sheep blood mixtures with an appropriate titer of
infective virus. At 1- to 2-day intervals, 5 to 12 mosquitoes of
each species were frozen at -80C until use for viral assay.

Virus assay

Each pool of mosquitoes was homogenized in 2 ml of culture
medium (Eagle's minimum essential medium supplemented with 0.03%
sodium bicarbonate, 5% heat-inactivated calf serum and 0.03%
L-glutamine), centrifuged at 700 x g for 5 min and then filtered
through a Minisart NP membrane with 0.45 um porosity. The filtrate
was titrated for viral infectivity by the plaque assay method13)
or by the indirect fluorescent antibody technique essentially
based on the original focus-counting method.lo, The titer was
expressed as plaque forming unit (PFU) or focus forming wunit

(FFU).

RESULTS

Biological studies

A total of 148 Aedes aegypti larvae and 112 Aedes albopictus
larvae (Malang strain) were observed. Their mean times of larval
development were 7.62 * 0.64 days in Aedes aegypti and 9.20 ¢+ 1.03
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days in Aedes albopictus (Table 1). As shown in Fig. 1, pupation
in Aedes aegypti began at the 4th day after egg hatching and
lasted for 8 days; 52.7% of the larvae pupated within 3 days and
94.67 within 6 days. In Aedes albopictus, pupation began at the
4th day after hatching and lasted for 16 days; 55.47% of the larvae
pupated within 5 days, and 92.97 within 7 days. Mean pupation
times for Aedes aegypti and Aedes albopictus were 1.63 * 0.07 days
and 1.45 * 0.08 days, respectively. Mean emergence time was
1.61 £ 0.10 days for female Aedes aegypti and 1.66 * 0.10 days for
male mosquitoes. In Aedes albopictus, the mean emergence times for
female and male mosquitoes were 1.44 + 0.12 days and 1.46 + 0.11
days, respectively (Table 1).

Egg production

As shown in Table 2, the number of eggs deposited by
individual female Aedes aegypti and Aedes albopictus were
66.2 + 31.6 and 57.5 * 17.3, respectively.

ISt . .
528 —— Aedes aegyplti

30 o———o Aedes albopictus
- .
”>» 25
m 92.9%
o
& 20f 55. 4%
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140
o 15
4
)
g 10} 94,6%
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3 56 78 O 10 111213 14 1516
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Fig. 1 Pupal development in Aedes aegypti and Aedes albopictus

in a room condition (temperature: 28C-29C, RH: 56%)
(Reproduced with written permission from Machfudz,
Subagyo, Soewignjo, A., Yamanishi, H., Matsumura, T.
and ICMR Annals).
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Table 1 Development time (in day) of Aedes aegypti and Aedes
albopictus at the room temperature 28C-29C and RH 56%
(Reproduced with written permission from Machfudz,
subagyo, Soewignjo, A., Yamanishi, H., Matsumura, T.
and ICMR Annals).

Developmental Aedes aegypti Aedes albopictus
stage (in day) (in day)
Larval development 7.62 +0.64 9.20+1.03
Mean pupation 1.63 £0.07 1.45 £ 0.08
Mean emergence
(female) 1.61+0.10 144 £0.12
Mean emergence
(male) 1.66 £0.10 146+0.11
Table 2 Eggs production in Aedes aegypti and Aedes albopictus

by a single blood meal (Reproduced with written
permission from Machfudz, Subagyo, Soewignjo, A.,
Yamansihi, H., Matsumura, T. and ICMR Annals).

Species of Number of mos- Total eggs Average number
mosquito quitoes observed production of eggs per female
Aedes aegypti 30 1986 66.2+31.6
Aedes albopictus 30 1725 5751173

Feeding speed

Out of 30 females of Aedes aegypti used in this experiments,’
8 mosquitoes needed 2 min until they became fully engorged, 13
mosquitoes 3 min, 3 mosquitoes 4 min, 4 mosquitoes 5 min and 2
other mosquitoes 8 min. The mean time of the feeding speed in
these female mosquitoes was 3.43 * 0.93 min. Out of 30 females of
Aedes albopictus, 3 mosquitoes needed 2 min until they became
fully engorged, 12 mosquitoes 3 min, 9 mosquitoes 4 min, 5
mosquitoes 5 min and 1 mosquito 6 min. The mean time of the
feeding speed in Aedes albopictus was 3.60 * 0.6 min.

Susceptibility experiments

Comparative growth of CHIK virus in Aedes aegypti and Aedes
albopictus is shown in Fig. 2. In this experiment, mosquitoes
received an infective meal with a titer of 107'2 PFU per ml. On
day O the virus titers were 103'6 PFU in Aedes albopictus and
10%*7 in Aedes aegypti. On day 2 the titers dropped to 103'1 PFU
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in Aedes albopictus and 101'0

PFU in Aedes aegypti. After that,
the titers started to increase in both species and reached the
maximum titers of 105'4 PFU on day 13 in Aedes albopictus and of
104'6 PFU on day 10 in Aedes aegypti. The virus titer in Aedes
aegypti then dropped quickly and became undetectable on day 20. On
the other hand, the virus titer in Aedes albopictus declined
slowly to 103'9 PFU on day 20.

Growth of DEN-3 virus in three Aedes mosquitoes was studied
after feeding on virus at 107'7 FFU per ml. As shwon in Fig. 3,
the virus titer on day 0 was 104'6 FFU in both species. On day 2
the titers dropped to 103'9 FFU in Aedes aegypti and 102'6 FFU in
Aedes albopictus. The titer of DEN-3 virus reached a maximum of
108'2 FFU in Aedes aegypti and 107'5 FFU in Aedes albopictus both
on day 12. Growth of CHIK virus in Aedes aegypti infected with

8.2

virus at 10 FFU per ml was also obtained as a control of this

experiment. It showed remarkable initial drop of the virus titer

from 105'4 FFU on day O to 101’7 FFU on day 2. The peak titer of
CHIK virus was reached at 106'9 FFU on day 9.
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Fig. 2 Growth of CHIK virus in Indonesia colonies of Aedes
aegypti (@) and Aedes albopictus (O) after feeding on
virus at 10 -2 PFU per ml. Mean virus titer obtained

from 5-12 mosquitoes per pool was represented as PFU
per mosquitoes (Reproduced with written permission from
Konishi, E., Matsumura, T. and Kone J. Med. Sci.).
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Fig. 3 Growth of DEN-3 virus in Indonesia colonies of Aedes

aegypti (®) and Aedes albopictus (0O ) after feeding on
virus at 107‘7 FFU per ml, compared with growth of CHIK
virus in Aedes aegypti (A ) after feeding on virus at
108'2 FFU per ml. Mean virus titer obtained from 5-12
mosquitoes per pool was represented as FFU per mosquito
(Reproduced with written permission from Konishi, E.,
Matsumura, T. and Jpn. J. Trop. Med. Hyg.).

Electron microscopy

Observation at low magnification of CHIK virus-infected
salivary glands of Aedes aegypti and Aedes albopictus obtained by
feeding them on blood-virus-mixture at a titer about 107'9 FFU/ml,
showed the increasing number of vacuoles. The proximal portion in
the lateral 1lobe of salivary glands of these Aedes mosquitoes
showed a numerous number of enveloped CHIK virus particles in
intracytoplasmic areas (Fig. 4). These virions were found in the
perinuclear area and not in the nucleus of the cells (Fig. 5). The
diameter of virion ranged from 55 nm to 69 mm with the
electron-dense internal structure of 40 num-48 nm. Especially
closed to virion's accumulated area (crystalloid structure), a
large number of mitochondria were seen (Fig. 6). Observation
underneath the surface membrane of the lateral lobe cell in the
salivary glands of Aedes aegypti and Aedes albopictus showed
enveloped CHIK virions clearly remaining (Fig. 7). No virus
budding from the cell surface in these regions were found (Fig.

6, 18)

8). Precursor particles of CHIK virus °? were not clearly

observed in these salivary glands.
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Fig. 4

Thin section of proximal portion
in the lateral lobe of salivary
glands of Aedes albopictus (Ma-
lang strain) infected with CHIK
virus by oral feeding, showed a
numerous number of virions in the
apical cavity (Magnification: x
30,556: AC=apical cavity, m=mi-

crovilli. Arrows show virions).

#a

Eig. 5

Virions were found in the peri-
nuclear area and not in the
nucleus of infected cells. The
diameter of enveloped virions was
between 55 nm-69 nm with elec-
tron-dense internal structure of
41 nm-48 nm. (Aedes albopictus,
Oahu strain, salivary glands in-
fected with CHIK virus. Magnifi-
cation: x 35,396; Arrows show

virions).
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Fig. 6

Closed to the virion's crystal-
loid structure, a numerous number
of mitochondria were clearly seen
(Aedes  aegypti salivary glands
infected with CHIK virus. Magni-
fication: x 18,375; M=mitochon-
dria. Arrows show virion's crys-
talloid structure) (Reproduced
with written permission from
Matsumura, T. and Jpn. J. Trop.
Med. Hyg.).

Fig. 7
Mature enveloped

chikungunya
viruses 1lined along underneath
the cell surface membrane (ar-
rows), withoug any budding proc-
ess; ( Aedes aegypti salivary
glands; Magnification: x 42,553)
(Reproduced with written permis-—
sion from Matsumura, T. and Jpn.
J. Trop. Med. Hyg.).
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Fig. 8 Salivary glands of Aedes albopictus infected with
chikungunya virus by oral feeding showed mature virions
underneath the cell surface membrane (arrows). No
findings of virus budding from this salivary glands
were also seen. Magnification: x 31,935 (Reproduced
with written permission from Matsumura, T. and Jpn. J.

Trop. Med. Hyg.).
DISCUSSION

Pattern of DEN-3 virus multiplication in Aedes aegypti showed
that the virus titer on day 2 was one fifth of the titer on day O,
while in Aedes albopictus the virus titer on day 2 was 100 times
as low as that on day 0. On the other hand, the initial drop was
remarkable in CHIK virus-infected Aedes aegypti in which in the
titer on day 2 was 5,000 times lower than the virus titer on day
0. The initial drop observed in this study was consistent with
previous reports.l” Aty Janzen et alll) reported that on the 2nd
day of oral infection, no CHIK virus was recovered from hemolymph
of Aedes aegypti. Presence of virus antigen was restricted in the
posterior midgut cells of Aedes albopictus infected with DEN-2

virus as reported by Kuberski.16)

These results suggests ''gut
barrier" was present in the midgut of mosquitoes infected with
virus by oral feeding.

Titers of CHIK and DEN-3 viruses in infected mosquitoes
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increased after the second day of infection. In Aedes aegypti
infected with DEN-3 virus, the maximum titer was 4000 times as
high as the titer on day 0, while in Aedes albopictus the maximum
titer was 800 times higher tham the titer on day 0. In Aedes
aegypti and Aedes albopictus mosquitoes infected with CHIK virus,
the maximum titers were 8 times and 60 times as high as the titer
on day 0, respectively. After reaching the maximum, the titer
began to decrease on the next day, indicating a limited period of
efficient virus multiplication in the mosquito body. The maximum
titers of CHIK virus in the Surabaya strain of Aedes aegypti and
the Malang strain of Aedes albopictus were lower than that
obtained with the Oahu strain of Aedes albopictus, but higher than
or equal to those obtained with any other strains of Aedes
albopictus. Although CHIK virus titers in Aedes aegypti, in
general, tended to be lower than those in Aedes albopictus, the
maximum titers were almost of the same magnitude in both Aedes
species. Differences in some experimental conditions may affect
the virus multiplication in these mosquitoes. High DEN-3 virus
titers observed in the present study using Aedes aegypti and Aedes
albopictus were similar to those reported by Gubler and Rosen3)
and Gubler et 31.5) with several other geographic strains.
Electron microscopic observations on salivary glands of Aedes
aegypti and Aedes albopictus infected with CHIK virus by oral
feeding showed that maturation process of the virus in this organs
was almost similar in both species. A numerous number of enveloped
CHIK viruses were seen in the intracytoplasmic areas of the
salivary glands, especially in perinuclear area, and also were
densely concentrated extracellularly imn the apical cavity. The
results so far obtained indicate that in Aedes aegypti as well as
Aedes albopictus infected with CHIK virus, the maturation sites of
salivary glands consisted in intracytoplasmic membranous struc-
tures such as cysternae of endoplasmic reticulum and vesicles as
already shown in mammalian culture cells infected with DEN-1 and

17, 19)

DEN-2 viruses and in Culex tritaeniorhynchus salivary

glands infected with Japanese encephalitis virus.27)

In the present study, also showed no picture of virus budding
from the cell surface membrane of the salivary glands of
CHIK-infected Aedes aegypti and Aedes albopictus as shown in

DEN-infected ones; this finding was in contrast to those in the
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mammalian cells such as Vero,a) KB, IMR, J-111 and BHK-21 cells
infected with CHIK or DEN viruses.6’ 18, 19) On the other hand,
crystalloid structures of virions as seen in Vero and BHK-21 cells
infected with DEN-1 and DEN-2 virusesl7’ 19) were observed in the
salivary glands. These results suggested that the salivary glands
infected with CHIK virus play an important role in producing and
maintaining a high titer of CHIK virus, similarly to as in the
case of DEN virus.25)

In connection with the role as a transmitter of viral
diseases, relative abundance of a mosquito species, its relation
to zoonoses and specificity of blood-feeding behaviors must be
elucidated along with experimental results in the laboratory.Z)
Differences in blood-feeding behaviors, for instance, may lead to
different vectorial capacities of mosquito population.ZO)

Field observations by Seawright et al. in North Florida, USA
(temperature 21C-35C, constant weather condition) showed that
female Aedes aegypti usually sucked blood on the 3rd day after

mating and began ovipositing on the 6th day.24)

By using the
Liverpool strain of Aedes aegypti, Judson reported that each
female mosquito produced 70-90 egg per female by a single blood
meal.12) In our experiments of egg production, a female Aedes
aegypti produced 66.2 * 31.6 eggs in average by one blood feeding,
while a female Aedes albopictus (Malang strain) produced 57.5
+ 17.3 eggs totally under the same conditions.

It is concluded from these results that these two Aedes
species serve as potent vectors of DEN-3 and CHIK viruses.
Especially, Aedes aegypti is important in urban areas and Aedes
albopictus in rural areas. Epidemiological, ecological and
experimental studies of Aedes albopictus and Aedes aegypti
mosquitoes should be done more intensively and in comparison with
each other. Such data will be useful to clarify the the recent
pattern of DHF epidemics in Indonesia.
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