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Virological surveillance for dengue haemorrhagic
fever in Indonesia using the mosquito inoculation
technique *
D. J. GUBLER,1 W. SUHARYONO,2 SUMARMO,3 H. WULUR,4
E. JAHJA,5 & J. SULIANTI SAROSO2

A dengue haemorrhagic fever surveillance system in Indonesia, based on virological
and clinical observations, is described. The system uses the mosquito inoculation technique
for virus isolation and is simple, economical, and well suited for endemic areas where
support and facilities are limited. The data suggest that with good cooperation between the
hospital and the virology laboratory, new serotypes and possibly even new strains of virus
can be identified before the onset of epidemic activity. This type of virological surveillance
may make it possible to prevent major epidemics in the future.

Dengue haemorrhagic fever (DHF) is a significant
health problem in South-East Asia and is one of the
10 leading causes of hospitalization and death
among children in many countries of the region. It is
primarily an urban disease, with most cases reported
from larger cities. In recent years, however,
epidemic DHF has been occurring in smaller cities
and in rural areas of Indonesia (1, 2). The reason for
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this spread is not known, but it is probably related to
the introduction of new virus serotypes, since both
the vectors, Aedes aegypti and A. albopictus, have
been known in these areas for many years.
Although periodic epidemics of DHF have oc-

curred in most countries of South-East Asia, few
have been adequately studied virologically because
of the difficulties of isolating dengue viruses. The
recent development of the mosquito inoculation
technique (3), however, has provided a highly sensi-
tive and economical method for the isolation and
assay of these viruses. Using this technique, a
dengue haemorrhagic fever surveillance system was
developed in Jakarta, Indonesia, which allowed us to
monitor the dengue viruses being transmitted in the
city and to study the relationship between the
dengue serotype and the severity of the disease.
Here we report the results of this study, which
suggest that it is possible to detect newly introduced
virus serotypes and possibly new strains of existing
dengue serotypes well in advance of epidemic ac-
tivity.
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MATERIALS AND METHODS

A collaborative clinical-virological DHF study
was set up at 3 Jakarta hospitals in 1975. Cipto
Mangunkusumo Hospital is located in Central
Jakarta and draws most of its paediatric patients
from Central, East, and South Jakarta. Sumber
Waras Hospital is located in West Jakarta and draws
most of its patients from that part of the city, with
only small numbers from other districts, primarily
Central Jakarta. Husada Hospital is also located in
West Jakarta, but the catchment area is different
from that of the Sumber Waras Hospital.
On admission to hospital a diagnosis of DHF was

made based on the criteria outlined by WHO.a
Depending on the condition of the patient, blood
pressure, pulse, and haematocrit and thrombocyte
values were measured or counted as frequently as
necessary for proper patient monitoring. This was at
least once a day for mild cases and as frequently as
every 2-3 h for patients in severe shock. Detailed
records were kept of other signs and symptoms on a
daily basis.
A blood sample was taken from each patient on

the day of admission and another on the day of
discharge from hospital. These blood samples were
taken daily to the virology laboratory where the
serum was separated and stored in a low-tempera-
ture freezer (-60°C or lower) until tested.

Sera were tested for dengue antibodies by the
haemagglutination-inhibition (HI) test using 8 units
of dengue type 1 antigen (4). Paired sera were
always tested together in the same test using serial
2-fold dilutions. Paired sera that did not have any
detectable antibody in either specimen using dengue 1
antigen (<1:10) were retested using dengue 2,
dengue 3, and, occasionally, dengue 4 antigens. Sera
that were still negative were retested using
chikungunya antigen.

Virus isolations were attempted from the sera of
those patients in the acute phase who showed a
significant rise in Hl antibody to any of the four
dengue antigens. In addition, sera from acute cases
and any tissue biopsy specimens obtained from fatal
cases were processed for virus isolation. All attempts
at dengue virus isolation were made by the mosquito
inoculation technique (3). Acute sera were inocu-
lated into adult A. aegypti or A. albopictus female
mosquitos undiluted and at a 1:5 dilution. After

a Technical Advisory Committee on Dengue Hemorrhagic
Fever for the South-East Asian and Western Pacific Regions.
Technical guide for diagnosis, treatment, surveillance, prevention
and control of dengue hemorrhagic fever. Unpublished document,
Geneva, World Health Organization, 1975.

14-20 days of incubation at 32°C, salivary glands
were dissected from surviving females and these and
brain squashes from the females were placed side by
side on a glass microscope slide. The presence or
absence of viral antigen in these tissues was deter-
mined by the direct fluorescent antibody technique
(DFAT) (5). Salivary glands were included because
it had been shown earlier that this tissue was more
reliable than brain tissue alone for detecting some
strains of dengue 3 and 4 (Gubler, D. J. & Rosen, L.,
unpublished data, 1974).

Bodies of individual mosquitos were kept separate
in 3-ml screwcap vials and stored in a low-tempera-
ture freezer. If the brain or salivary glands of a
mosquito were found to be positive by the DFAT,
the body of this specimen was disintegrated by sonic
energy in 0.5 ml of phosphate-buffered saline (PBS)
(pH 7.4) with 30% heat-inactivated calf serum,
centrifuged at 1580 g for 30 min at 4°C, and
inoculated into approximately 75 male mosquitos.
These were incubated at 32°C for 10 days, killed by
freezing, and 5 specimens tested for virus by the
DFAT. If positive, 10 more specimens were used for
the preparation of complement-fixing antigen.
Serotype identification was by the complement-
fixation test (6). All remaining mosquitos were
pooled, given a number, and stored in a low-
temperature freezer (-60°C or lower). We have
shown that dengue virus can be stored in whole
mosquitos in this manner for over 13 months without
loss in titre (Gubler, D. J. & Rosen, L., unpublished
data, 1974).
Monthly tabulation of numbers of confirmed

cases, numbers of virus isolations, and serotypes
were kept and correlated with clinical data provided
by the paediatricians at the 3 hospitals. In addition, a
current record of case and serotype distribution in
the city of Jakarta was kept.

RESULTS

Although our three study hospitals were located in
Central and West Jakarta, they provided a good
sample of the paediatric population from the East,
West, South, and Central parts of the city, primarily
because one of them (Cipto) was a government
institution that provided free service to persons
without adequate resources.
DHF is highly endemic in the city of Jakarta, with

confirmed cases reported by the hospitals each
month of the year. Table 1 shows the number of
confirmed and presumptive DHF cases admitted to
our three study hospitals by month and by year.
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Table 1. Numbers of confirmed and presumptive den-
gue haemorrhagic fever casesa admitted to three
Jakarta study hospitals by month and year

Month 1975 1976 1977 Mean

January - 18 39 28

February - 4 26 15

March - 20 41 30

April - 22 29 25

May - 24 42 33

June - 17 28 22

July - 14 21 17

August - 8 18 13

September 2 15 11 9

October 15 29 6 17

November 16 63 10 30

December 16 56 17 30

TOTAL 49 290 288

a Patients whose sera showed a 4-fold or greater rise in dengue HI
antibody between the acute and convalescent phases of the disease, or
with positive virus isolation, were considered confirmed dengue cases,
whereas patients with a high fixed antibody titre of 1 : 1280 or greater
during the acute illness were considered presumptive cases of dengue.

Typically, the numbers of cases were quite consistent
throughout the year except during the dry summer
months from July to September. The rainy season in
Indonesia usually begins in late October or early
November and at that time the number of cases
admitted usually increases. In 1976, a marked in-
crease in confirmed cases occurred during this
period, with nearly 8 times as many cases in
November as in August and 3-4 times as many as in
previous months of that year. This outbreak con-
tinued into the first six months of 1977, with the
usual decrease in cases again during the dry season.
The rainy season was delayed in 1977, with heavy
rains not starting until mid-December.

It should be noted that all four dengue serotypes
were being transmitted in Jakarta during this time
(7). Table 2 shows virus isolations from DHF
patients by quarter of the year and by serotype.
During the first year of the study (October
1975-September 1976) dengue types 1, 2, and 3
viruses were isolated in approximately equal num-
bers, although there was some indication that den-
gue 3 was becoming predominant in 1976. Dengue 4
was isolated from only 4 patients during this time.
Beginning in October 1976, however, dengue 2 and
3 began to dominate and by the second quarter of
1977, dengue 3 was the predominant virus isolated.

Overall, this serotype accounted for 46% of the
isolates compared with 29% for dengue 2, 18% for
dengue 1, and 7% for dengue 4.
The increased numbers of virus isolations in the

last quarter of 1976 correspond with the marked
increase in cases shown in Table 1. As noted in
Table 2, the outbreak in Jakarta was primarily due
to dengue 2 and 3. Beginning at about the same time
as the Jakarta outbreak (October 1976), epidemic
DHF began to occur in other parts of Indonesia.
Table 3 shows known epidemics of DHF in In-
donesia with approximate dates and viruses isolated.

Table 2. Virus isolation from dengue haemorrhagic
fever patients in Jakarta by quarter of the year and
serotype

Number of isolates
Quarter of year

Dl D2 D3 D4 Totals

October to December 1975 4 3 2 - 9

January to March 1976 2 1 5 - 8

April to June 1976 3 6 6 4 19

July to September 1976 2 2 3 - 7

Octoberto December 1976 3 11 13 1 28

January to March 1977 3 8 10 1 22

April to June 1977 3 3 9 2 17

July to September 1977 3 2 9 1 15

October to December 1977 - 2 2 - 4

TOTAL 23 38 59 9 129

% of total 17.8 29.5 45.7 7 100

Outbreaks of DHF were reported in Central and
East Java at about the same time that increased
transmission began in Jakarta. The outbreak in rural
Bantul was studied in detail and although three virus
types were being transmitted, dengue 3 was respon-
sible for over 60% of the isolations (8). The East
Java outbreaks could not be studied, but sera from
fever cases in Madiun were collected in the later
stages of the epidemic and both dengue 1 and 3 were
isolated. In Yogyakarta (January 1977), Pontianak
(November 1977), and Sleman (December 1977)
dengue 3 was the predominant virus isolated. The
data suggest that dengue 3 moved from Jakarta in
the fall of 1976 to Central and East Java and
subsequently to other parts of Indonesia. Other
smaller outbreaks of DHF occurred in West Java,
Sumatra, and Sulawesi at about this time, but little
information is available about them and therefore
they are not included here. Although we do not
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Table 3. Epidemic dengue haemorragic fever occurring in Indonesia, 1976-78

Location Dates of outbreak Viruses Predominant
isolated serotype

Jakarta, West Java October 1976 to May 1977 Dl, D2, D3, D4 D3

Bantul, Central Java October 1976 to March 1977 Dl, D3, D4 D3

Bojonegoro, East Java November 1976 to March 1977 -?

Madiun, East Java January 1977 Dl, D3 7

Yogyakarta, Central Java January 1977 to May 1977 D2, D3, D4 D3

Pontianak,
West Kalimantan November 1977 to December 1977 D3 D3

Sleman, Central Java December 1977 to March 1978 D3 D3

know which dengue viruses were responsible for
these outbreaks, we do know that dengue 3 was
being transmitted in both West Java and Sumatra
(7).

In Jakarta during the early months of 1976, we
began to detect an increasing association between
dengue 3 and fatal DHF. In other words, most of the
fatal cases that could be confirmed as DHF/DSS by
virus isolation were dengue 3. Table 4 shows the
virologically confirmed fatal DHF cases in Jakarta
by quarter of the year and by serotype. Unfortun-
ately, the study was not started until October 1975
and, therefore, we do not know which virus type(s)
were predominant before that time. In the first four
months of this study (October 1975-January 1976),
only 1 fatal case was confirmed and that was due to
dengue 1. During the next five months (February-
June 1976) 6 fatal infections were confirmed viro-
logically, 5 of which were dengue 3 and 1 dengue 2.

Table 4. Virologically confirmed fatal dengue haemor-
rhagic fever cases in Jakarta by quarter of year and by
serotype

Number of cases
Quarter of year

Dl D2 D3 D4 Total

October to December 1975 1 0 0 0 1

Januaryto March 1976 0 0 3 0 3

April to June 1976 0 1 2 0 3

July to September 1976 1 0 0 0 1

October to December 1976 0 1 5 0 6

January to March 1977 0 1 2 1 4

April to June 1977 1 1 3 0 5

July to September 1977 0 0 1 0 1

October to December 1977 0 0 0 0 0

Total 3 4 16 1 24

During the dry summer months when the numbers
of DHF cases were low (Table 1), only 1 fatal case
was confirmed (dengue 1), but during the last 3
months of that year, 6 more cases were confirmed, 5
of which were dengue 3. In the first 6 months of
1977, 9 more fatal cases were confirmed and 5 of
these were dengue 3. Overall, 24 fatal cases were
confirmed by virus isolation, 3 of which were associ-
ated with dengue 1, 4 with dengue 2, 16 with dengue
3, and 1 with dengue 4 infections.
During the spring and summer of 1976, we

detected the association between fatal DHF and
dengue type 3, but were not sure of its meaning.
Retrospective analysis, however, shows that this
serotype was responsible for most of the fatal
infections during the period of this study. Table 5
shows case-fatality rates for virologically confirmed
DHF patients in Jakarta by serotype. The dengue 3
fatality rate was nearly 3 times that for the other
serotypes.

Table 5. Case fatality rates for virologically confirmed
dengue haemorrhagic fever patients in Jakarta by
serotype

Dengue Number Number Case
serotype of cases of deaths fatality rate

Dl 23 3 13.0

D2 38 4 10.5

D3 59 16 27.1

D4 9 1 11.1

Total 129 24 18.6

DISCUSSION

The value of a sensitive dengue serotype surveil-
lance system is obvious, since it is possible to
monitor the serotypes of viruses being transmitted in
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an area and to detect a new type shortly after its
introduction. Such data would be invaluable for
prediction of epidemic patterns of disease. Equally
important is the quality of the clinical surveillance on
which the virology programme is based. It is possible
to monitor the severe and fatal dengue infections
quite accurately provided there is good cooperation
by paediatricians in two or three well-placed hospi-
tals. In Jakarta we obtained samples from nearly all
fatal cases admitted to our three study hospitals with
a potential diagnosis of DHF. Therefore, most of the
fatal dengue infections in our hospitals during the
period of investigation were studied.
Dengue 3 was first isolated from Jakarta DHF

patients during the 1973 epidemic along with the
other three serotypes (9). Limited data suggest that
dengue 2 virus was the predominant virus at that
time (10) and it seems likely that all types have been
endemic in Jakarta for several years. Of particular
interest is the reason why dengue 3 suddenly became
the predominant virus in Indonesia. The change
appeared to start in Jakarta in early 1976 with an
increase in fatalities associated with this serotype.
This was followed by epidemics of DHF beginning in
the fall of 1976 and continuing into 1977 in West
Java, Central Java, East Java, West Kalimantan,
and, finally, back to Central Java. Dengue 3 was the
predominant virus isolated in all the epidemics

studied. The data suggest that a new strain of dengue
3 emerged or was introduced into Jakarta in early
1976 and spread from there to other parts of
Indonesia. We picked up the association between
dengue 3 and fatal DHF as early as the spring and
summer of 1976, but did not know the significance
of the observations at that time. In retrospect, it
appears that by monitoring the fatal DHF cases in
Jakarta, we were able to detect this dengue 3 virus
several months before the subsequent epidemics
occurred. This type of information should allow us to
predict epidemic DHF, thereby providing adequate
time to take preventive measures in suspected
epidemic areas.

Identification of new virus serotypes in an area is
not difficult with the system described here. New or
more virulent virus strains of a serotype already
endemic in an area are more difficult to identify and,
for the present, virulence markers are not available.
Hopefully, such markers may be identified by
detailed examination of virus strains isolated in
studies such as these. In the meantime, collaborative
clinical-virological studies, such as the one described
here, may make it possible to prevent large epidemics
of DHF. Obviously, this type of surveillance system
must be tested in other parts of South-East Asia
before its reliability can be determined.
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RtSUMI2

SURVEILLANCE VIROLOGIQUE DE LA FItVRE HtMORRAGIQUE DENGUE EN INDONtSIE
AU MOYEN DE LA TECHNIQUE D'INOCULATION DU MOUSTIQUE

L'article decrit un systeme de surveillance applicable a la
fievre hemorragique dengue (FHD) et fonde sur l'observa-
tion virologique et clinique. Trois hopitaux situes dans
differents quartiers de Djakarta ont participe a l'etude.
Tous les malades admis au cours de la periode octobre
1975-d6cembre 1977 et chez qui un diagnostic de FHD a
ete pose selon les criteres etablis par l'OMS ont fait l'objet
d'examens cliniques frequents et detailles. Un echantillon
de sang a ete preleve pour analyse virologique et serologi-
que le jour de l'admission et le jour de sortie, la remise
d'echantillons au laboratoire de virologie ayant lieu quoti-
diennement. Le diagnostic serologique de FHD etait effec-
tue au moyen de l'epreuve d'inhibition de l'hemagglutina-
tion, l'isolement du virus par la technique d'inoculation au
moustique et l'identification du virus par l'epreuve de
fixation du complement pratiquee avec l'antigene prove-
nant de moustiques inocules.
La technique d'inoculation du moustique est une me-

thode rapide et extremement sensible d'isolement du virus
de la dengue. Comme elle est en meme temps simple et
economique, son application est indiquee dans les regions
d'endemie de la FHD oiu les moyens techniques sont
limites. Elle a permis, grace au total concours des pediatres
cliniciens des hopitaux participants, de dresser un tableau
precis de la transmission du virus a Djakarta.
Pendant la premiere annee de l'etude (octobre 1975 a

septembre 1976), les virus de type 1, 2 et 3 ont ete isoles en

proportion a peu pres egale, et plus rarement celui de
type 4. Durant le printemps et l'automne 1976, une
association entre les cas mortels de FHD et le virus de type
3 a ete relevee, en depit de l'absence apparente d'augmen-
tation de la transmission de ce serotype. En novembre et
decembre 1976, apres le debut de la saison des pluies, des
epidemies de FHD se sont produites a Djakarta et dans la
partie centrale de Java, le virus de type 3 etant le plus
souvent isole dans les deux cas. Au cours des quinze mois
suivants, trois nouvelles poussees dues au meme serotype
ont ete enregistrees a nouveau dans la partie centrale de
Java, ainsi que dans la partie occidentale de Borneo.

Selon les renseignements reunis, il semble qu'une nou-
velle souche de type 3 soit apparue ou ait ete introduite a
Djakarta au debut de 1976, souche qui s'est ensuite
propagee dans d'autres regions d'Indonesie. Cette souche a
ete detectee a Djakarta plusieurs mois avant le declenche-
ment des manifestations epidemiques en raison de son
association avec des cas mortels de FHD. Ceci montre
qu'un systeme d'isolement simple et rapide pour la surveil-
lance des types de virus transmis, joint aux donnees
cliniques recueillies chez les malades porteurs de ces virus,
permet de deceler l'introduction de nouveaux serotypes et
l'apparition eventuelle de nouvelles souches de virus avant
meme qu'ils aient provoque des epidemies. Ce type de
surveillance virologique pourrait etre le moyen de previ-
sion requis pour prevenir de graves epidemies de FHD.
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