
Distribution of three arbovirus antibodies
among monkeys (Macaca fascicularis)
in the Philippines

Introduction

A lack of research, including the collection of
epidemiological data on Japanese encephalitis (JE)
and chikungunya (CHIK) viruses among the Fil-
ipino population has existed over the past decade.
Sometimes mild cases of JE, and CHIK virus
infections, which share common clinical symptoms
with those for a dengue (DEN) virus infection
have resulted in a clinical diagnosis of dengue fever
(DF) or dengue hemorrhagic fever (DHF) followed

by appropriate treatment [25]. Therefore, laborat-
ory confirmation of these mosquito-borne virus
diseases is important in order to provide proper
case management and also to develop effective
preventive measures based on accurate epidemio-
logical surveillance.

DEN viruses with four different serotypes
(DEN-1, DEN-2, DEN-3 and DEN-4) belong to
the genus Flavivirus of the family Flaviviridae.
Worldwide, DEN virus infections have become a
serious health problem, as evidenced by the
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Abstract: Serum samples from 54 monkeys were collected from healthy
individuals in a monkey farm in Luzon island, Philippines, in 1999, and
examined by IgM-capture ELISA and indirect IgG ELISA for the pres-
ence of dengue (DEN), Japanese encephalitis (JE) and chikungunya
(CHIK) viruses. The positive rates for IgM ELISA were 3.7, 35.2 and
14.8% against DEN, JE and CHIK, respectively. Higher positive rates
were obtained when indirect IgG ELISA was used: 100% against flavivi-
ruses (JE or DEN) and 59.3% against CHIK virus. The results indicate a
high prevalence of flavivirus infections such as JE and DEN, and a lesser
prevalence of CHIK virus infections, among monkeys in the Philippines.
These findings suggest possible sylvatic transmission cycles of these
viruses.
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increasing number of reported infections and
expanding epidemic areas among humans in trop-
ical areas. DEN viruses have been reported to
infect peripheral blood mononuclear cells such as
monocytes [13], lymphocytes [22] as well as macro-
phages in the skin region [3]. Humans are the most
susceptible vertebrate hosts of DEN viruses, and
the infection takes place through bites of vector
mosquitoes such as Aedes aegypti, Ae. albopictus.
Primates such as chimpanzees can be experiment-
ally infected by DEN viruses followed by viremia
but they do not show clinical symptoms [21]. The
sylvatic transmission cycle of DEN viruses among
forest monkeys by Ae. niveus is indicated, based on
epidemiological studies in thePeninsulaMalaya [10].

Infection by a JE virus, another member of the
genus Flavivirus of the family Flaviviridae, is
known to cause serious acute encephalitis among
humans, accompanied by a high case fatality and
grave sequelae. The transmission of the JE virus to
humans also occurs through bites by mosquitoes of
the Culex vishnui group that breed in watered rice
fields. It has been documented that, among ver-
tebrate hosts, swine is the most important �ampli-
fier� because of its significant viremia following a
JE virus infection, because of its large population
size, high turn-over rate, and feeding by the vector
mosquitoes [17]. During a JE epidemic, up to 10%
of the susceptible human population may become
infected, but it is estimated that only one out of 300
develop clinical encephalitis [11]. However, the
prognosis of clinical encephalitis cases is poor: one-
third are predicted to be fatal, and half of the
survivors will suffer from sequelae accompanied by
neuropsychiatric disorders [16]. JE prevalent in the
Southeast Asia and Western Pacific regions, inclu-
ding the Philippines for many years [20]. However,
the susceptibility of monkeys to JE virus infection
is poorly understood.

The CHIK virus belongs to the genus Alphavirus
of the family Togaviridae, and is also transmitted
by bites of mosquitoes such as Ae. aegypti and
Ae. furcifer-taylori in Africa, India and Southeast
Asia including the Philippines [12]. Campos et al.
[8] reported on the isolation of CHIK virus from
sera of human Philippine subjects. In addition,
several serological studies of the CHIK virus
indicated its presence in the Philippines [1, 2, 7,
12]. In Southeast Asia, CHIK virus infections
sometimes caused outbreaks [9, 23], which then
disappear after 7–8 years to several decades [6, 18].
At the present time, the mechanism by which
CHIK virus infections suddenly appear and then
disappear remains unknown. In Africa, baboons
have been reported as an animal reservoir for the
CHIK virus [23].

Our recent serological study on three arboviruses
(DEN, JE and CHIK viruses) among 770 humans
with clinically diagnosed DF/DHF in Metro
Manila in 1999 indicated that 5.2% of the cases
were actually a CHIK virus infection (Inoue et al.
2002, manuscript in preparation).

The goal of the present study was to determine
the prevalence of these three mosquito-borne virus
infections among monkeys in the Philippines by
serological tests, thus providing information on the
possible role of monkeys in maintaining these three
viruses in circulation cycles in rural areas of the
Philippines.

Materials and methods

Monkeys

Fifty-four serum samples collected from monkeys
(Macaca fascicularis) were provided by the Simian
Conservation Breeding & Research Center, Inc.
(SICONBREC) in Tanay, Rizal Province in the
eastern part of Luzon island, the Philippines in
1999. Forty-four feral breeders (age: 7–10 years)
were captured in Zamboanga, Mindanao island,
and then transferred to this monkey farm in Tanay
47 days before obtaining a blood sample. The
remaining 10 animals were captive bred (age:
1–3 years), born and living in Tanay.

Viruses and cells

C6/36 Ae. albopictus cells [14] were infected with
DEN viruses, using the following strains: 99St-12A
for DEN-1, BRL-20 for DEN-2, DOH114 for
DEN-3 and SLMC318 for DEN-4, ML-17 for JE
and S27 (African prototype) for CHIK virus.

IgM-capture ELISA

IgM-capture ELISA was carried out following the
protocol described by Bundo and Igarashi [5] with
minor modifications. The ELISA microplates
(Nalge Nunc International, Roskilde, Denmark)
were coated with anti-human IgM goat IgG
(Cappel ICN Pharmaceuticals, Inc. Aurora, OH)
diluted 1 : 200 in coating buffer (0.05 M carbon-
ate–bicarbonate buffer, pH 9.6, containing 0.02%
sodium azide) and kept at 4�C overnight. The test
sera were used at a dilution of 1 : 100. In the case
of the CHIK IgM-capture ELISA, test sera and
control sera were diluted with Blockace (Yukijiru-
shi, Sapporo, Japan) containing 10% bovine serum
CADET (ICN Biomedicals, Inc., Aurora, OH) to
reduce non-specific reactions. The wells were then
blocked using 100 ll of Blockace containing 0.02%
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sodium azide at 37�C for 1 h. The solution was
removed and the wells were washed three times
with phosphate-buffered saline containing 0.05%
Tween 20 (PBS-T). The test sera as well as the
positive and negative control sera were diluted
1 : 100 in PBS-T containing 0.02% sodium azide
and phenol red, and 100 ll aliquots were distri-
buted into duplicate wells. The plates were incu-
bated at 37�C for 1 h, followed by the washing, as
described above.

One hundred microliters of the assay antigens
were then distributed in each well, using the
tetravalent DEN antigen (25 ELISA units for
each serotype), JE antigen (160 ELISA units) and
CHIK antigen (64 ELISA units) followed by
incubation at 37�C for 1 h. After washing, as
described above, the plates were allowed to react
with horseradish peroxidase (HRPO)-conjugated
anti-flavivirus IgG, prepared from high titer anti-
dengue human sera, at a dilution of 1 : 4000, at
37�C for 1 h for DEN and JE IgM-capture
ELISA. In the case of CHIK IgM-capture ELISA,
the plates were reacted sequentially with: (i) anti-
CHIK virus hyperimmune rabbit IgG (262 ELISA
units); and (ii) 1 : 1000 diluted HRPO-conjugated
anti-rabbit IgG rat serum (Zymed Laboratories,
Inc., San Francisco, CA), instead of HRPO-
conjugated anti-flavivirus human IgG. The plates
were washed, as above, and the color was
developed by adding 100 ll/well of the substrate
solution: 5 mg of o-phenylenediamine dihydro-
chloride (OPD) (Sigma Chemical Co., St. Louis,
MO) and 0.03% hydrogen peroxide in 10 ml of
0.05 M citrate–phosphate buffer, pH 5.0. The
plates were kept in the dark at room temperature
for 1 h. One hundred microliters of 1 N hydro-
chloric acid was added to each well to terminate
the reaction, and the optical density (OD) was
read at 492 nm using a microplate spectropho-
tometer (SpectraMAX190, Molecular Devices
Co., Sunnyvale, CA). Samples with an OD492 at
least two times that of the negative control (P/N
ratio > 2.000) were considered to be IgM positive.
Samples with an OD ratio to the negative control
of less than two (P/N ratio < 2.000) were con-
sidered to be IgM negative.

Indirect IgG ELISA

The protocol used in these procedures was similar
to those reported by Bundo et al. [4] with the
following modifications. The 96-well microplate
(Nalge Nunc International) was coated with
100 ll/well of virus antigen at 4�C overnight, using
the JE virus antigen (20–25 lg/ml) for flvaivirus
indirect IgG ELISA, and the CHIK virus antigen

(20 lg/ml) for CHIK indirect IgG ELISA. These
antigens had partially been purified by ultracen-
trifugation using a sucrose gradient. Due to the
high cross-reactivity among IgG antibodies against
flaviviruses, the anti-JE and anti-DEN virus IgG
antibodies were difficult to differentiate by indirect
IgG ELISA using the JE antigen. The wells were
inactivated with 100 ll/well of Blockace at 37�C
for 60 min, washed three times with PBS-T for
3 min each and then drained. Test sera were
diluted at 1 : 100 and standard sera were serially
diluted in a two-fold manner from 1 : 100 to
1 : 12 800 with diluent as described for the IgM-
capture ELISA. The diluted test sera and standard
sera were each placed in duplicate wells and
incubated at 37�C for 60 min. The plates were
washed as above, and then reacted with 100 ll of
HRPO-conjugated anti-human IgG goat serum
(1 : 3000 dilution, Zymed Laboratories, Inc.).
After a 60 min incubation at 37�C, the plates were
washed as above, and 100 ll of substrate solution
containing OPD followed by the addition of 0.02%
hydrogen peroxide. After a 60 min incubation at
room temperature in the dark, the HRPO reaction
was terminated by adding 100 ll of 1 N hydro-
chloric acid to each well. The OD at 492 nm was
measured by an ELISA reader. Titers were deter-
mined by comparison with the OD of serially
diluted standard sera. A titer equal to or greater
than 1 : 1000 was considered to be positive.

Statistical analysis

Positive rates of IgM-capture ELISA among DEN,
JE and CHIK were analyzed by the chi square test.
Positive rates of indirect IgG ELISA between
flavivirus and CHIK were also analyzed by the chi
square test.

Results

IgM-capture ELISA

Positive rates of DEN IgM-capture ELISA were
0% (0/10) for the young group, 4.5% (2/44) for
the old group and 3.7% (2/54) of the total
samples (Fig. 1, Table 1). Positive ratios for the
case of JE IgM capture ELISA were 20% (2/10)
for the young group, 38.6% (17/44) for the old
group and 35.2% (19/54) of the total samples.
Positive rates of CHIK IgM-capture ELISA were
10% (1/10) for the young group, 15.9% (7/44) for
the old group and 14.8% (8/54) of the total
samples. Regarding cross-reactivity between DEN
IgM and JE IgM, one out of two DEN IgM
positives was found to be JE IgM negative and
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18 out of 19 JE IgM positives were DEN IgM
negative. Nineteen out of 20 showed a single
positive for either DEN or JE. (Table 2).

Indirect IgG ELISA

Positive rates and the geometric mean titer (GMT)
of flavivirus indirect IgG ELISA were 100% (10/10)
and 1 : 3070 for the young group, 100% (44/44)
and 1 : 6252 for the old group, 100% (54/54) and
1 : 5480 among the total samples. (Table 1).

Positive rates and the GMT of CHIK IgG
indirect ELISA were 30% (3/10) and 1 : 792 for the
young group, 65.9% (29/44) and 1 : 1145 for the
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Fig. 1. Positive ratios of three arbovirus infections among
monkeys.

Table 1. Antibody positives against three arboviruses among monkeys in the Philippines

Group Age (years)
Number
of monkey heads

Number of IgM positive monkeys (%)
Number of IgG positive
monkeys (%)

DEN JE CHIK Flavi1 CHIK1

Young 1–3 10 0 (0) 2 (20) 1 (10) 10 (100) 3 (30)
Old 7–10 44 2 (4.5) 17 (38.6) 7 (15.9) 44 (100) 29 (65.9)

Total 54 2 (3.7)2 19 (35.2)2 8 (14.8)2 54 (100) 32 (59.3)

1 Statistically significant between Flavi and CHIK at P < 0.05.
2 Statistically significant one another at P < 0.05.

Table 2. Serological profile of the reactivity of 24 IgM-positive individuals to three arboviruses

Serial No.

DEN IgM ELISA JEV IgM ELISA CHIK IgM ELISA

P/N ratio P/N P/N ratio P/N P/N ratio P/N

F1 1.319 N 1.954 N 2.323 P
F4 1.993 N 3.380 P 2.392 P
F5 1.183 N 2.038 P 1.769 N
F6 1.178 N 1.972 N 2.023 P
F7 1.220 N 2.005 P 2.848 P
F8 1.171 N 2.113 P 1.521 N
F9 1.477 N 2.524 P 2.358 P
F10 2.165 P 1.915 N 1.553 N
B6 1.051 N 1.782 N 2.304 P
B7 1.101 N 2.044 P 1.812 N
B10 1.111 N 2.026 P 1.864 N
Z1 1.274 N 2.286 P 1.692 N
Z2 1.198 N 2.069 P 1.137 N
Z15 1.161 N 2.010 P 2.061 P
Z17 1.175 N 2.032 P 1.494 N
Z18 1.253 N 2.278 P 1.383 N
Z19 1.123 N 2.000 P 1.735 N
Z29 1.162 N 2.098 P 1.462 N
Z30 1.146 N 2.013 P 1.069 N
Z31 1.361 N 2.302 P 1.032 N
Z38 1.256 N 1.833 N 2.364 P
Z39 1.605 N 2.117 P 1.395 N
Z42 2.149 P 3.275 P 1.390 N
Z43 1.476 N 2.266 P 1.174 N
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old group, 59.3% (32/54) and 1 : 1069 of the total
samples (Table 1).

Discussion

The IgM positive rate against the JE virus was
significantly higher than that against the DEN
virus among a total of 54 monkeys (Fig. 1,
Table 1). The low cross-reactivity between DEN
IgM and JE IgM in which 18 out of 19 JE IgM
positives were negative for DEN IgM (Table 2)
suggests that a JE virus infection occurred in this
geographical area. In addition, all monkeys showed
a positive IgG against flavivirus. These results
indicate that a flavivirus infection had occurred
among the Filipino monkeys, and, probably, the JE
virus infection was more widespread than the DEN
virus infection. The percentage positives of anti-
CHIK antibodies (14.8% of IgM and 59.3% of IgG)
suggest that a constant transmission of CHIK virus
among monkeys had occurred in rural areas in the
Philippines, which could explain the persistence of
the CHIK virus in nature.

In order to support our present data, which
showed high IgG antibody positive rates against
these three arboviruses, we carried out a prospect-
ive analysis on the IgG-antibody seroconversion
rate based on the results of IgM-capture ELISA,
assuming that the IgM antibody positive rates
against DEN, JE and CHIK viruses (3.7, 35.2 and
14.8%, respectively) represent an annual infection
rate for each virus. The resulting projections
indicate that the IgG antibody positive rates
against flavivirus (JE and DEN) would reach
100% at the age of 5 years. While, the IgG
antibody positive rate against the CHIK virus will
reach 30% at 3 years of age and then exceed 60% at
the age of 6 years (Fig. 2). The results observed in
the indirect IgG ELISA among monkeys precisely
paralleled these projections except for the flavivirus
antibodies in a group of 10 heads of young

monkeys (Fig. 1, Table 1). Yuwono et al. [24]
reported that out of 74 cynomolgus monkeys
(Macaca iris) in the Philippines, 14.9% were
positive for DEN and 2.7% were positive for JE,
as evidenced by a plaque reduction neutralization
test.

In Metro Manila, the largest urban area in the
Philippines, a laboratory diagnosis by our group
found that among 770 clinically suspected human
DEN cases, confirmed cases of DEN and probable
DEN cases were 35.2 and 16.9%, respectively. The
level of JE confirmed cases and probable JE cases
were 0.8 and 6.0%, respectively. The percentage of
CHIK confirmed cases was 5.2% (Inoue et al.
2001, manuscript in preparation). The mild JE
virus infection was diagnosed and treated as a
DEN virus infection either, DF or DHF. There-
fore, the JE virus infection was ignored unless the
case showed severe encephalitis and other symp-
toms related to the central nervous system (CNS).
Our present results suggest that a JE virus infection
could be widespread among monkeys in rural areas
of the Philippines. Therefore, further analysis of
dengue-suspected human cases or healthy individ-
uals in rural areas will provide more accurate
information concerning JE virus infections. Addi-
tional future studies might well disclose a high
prevalence of JE virus infections among humans in
rural areas, which could be associated with signi-
ficant morbidity and/or mortality.

The relatively widespread occurrence of IgM and
IgG antibodies against the CHIK virus among
monkeys could explain the mechanism for how the
CHIK virus is maintained in this country and why
CHIK virus outbreaks occur suddenly and then
disappear for long periods in urban areas of several
Southeast Asian countries. This may involve a
sylvatic cycle, maintained between mosquitoes,
such as is observed in Africa. However, Peiris
et al. [19] reported that 115 wild toque macaques
(Macaca sinica) in Sri Lanka, showed no evidence
of CHIK virus infections, as evidenced by a plaque
reduction neutralization test.

The CHIK virus is known to be transmitted by
Ae. aegypti. Therefore, the reason for why it is not
maintained in urban areas, like the DEN virus in
the Philippines, is unknown. The vector mosquito
for the CHIK virus should be analyzed in detail, to
determine if alternative or secondary vectors that
have a preference for rural forest areas like other
sylvan Aedes mosquito species for yellow fever or
Culex mosquito species for the JE virus. Kanam-
itsu et al. [15] reported that Cx. tritaeniorhynchus,
Cx. gelidus, Cx. pipiens and Cx. fatigans represent
potential vectors for the CHIK virus in circulation.
The isolation of the CHIK virus from these sylvan
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Aedes and Culex mosquitoes in rural areas and
jungles will provide more direct evidence for the
sylvatic cycle of CHIK virus circulation in the
Philippines in the near future.
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