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Abstract

This study was conducted to investigate Chikungunya virus (CHIKV) infection in mammal and avian by
using mice and baby chickens as model animals. Thailand 2010 and Ross/186 strain (reference strain) were used in
this study. 104, 106 and 108 CIDsy of CHIKV were inoculated to four- and six-week-old mice. Blood was collected and
tested for virus for seven days. 108 CIDso of CHIKV was inoculated to two-week-old mice. Blood was collected and
tested for virus for five days. For the baby chickens, 102, 104, 106 and 108 CIDso of CHIKV were inoculated to five-day-
old baby chickens. Blood was collected and tested for virus for seven days. Serum samples were tested for CHIKV by
reverse transcription polymerase chain reaction. CHIKV was detected in two- and four-week-old mice that were
inoculated with 108 CIDsp of CHIKV. The percentages of Thailand 2010 strain of CHIKV infection in four-week-old
mice were 80, 80, and 60% on days 1, 2, and 3 post inoculation (PI), respectively. The percentages of Ross/186 strain
of CHIKYV infection in four-week-old mice were 60, 100, and 60% on days 1, 2, and 3 PI, respectively. The percentages
of Thailand 2010 strain of CHIKV infection in two-week-old mice were 90, 100, and 67% on days 1, 2, and 3 P,
respectively. The percentages of Ross/186 strain of CHIKV infection in two-week-old mice were 100, 100, 50, 83, and
100% on days 1, 2, 3, 4, and 5 PI, respectively. No virus was detected in any 6-week-old mice and baby chickens.
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Introduction Transmission cycle of this virus must be
considered in two cycles: urban and sylvatic life cycle.
Infected humans and mosquitoes play an important
role in the transmission in an urban cycle, but infected
animals and mosquitoes are responsible for the
transmission in a sylvatic cycle. However, reservoir
animals might involve in the transmission of this

Chikungunya virus (CHIKV) is an emerging
or re-emerging infectious mosquito borne virus that
can be found in several countries in Africa and Asia.
For the past five years, the outbreak of this virus
occurred in several countries including Thailand ) .
(Mackenzie et al., 2001; Thavara et al., 2009). CHIKV virus in an urban cycle (Jupp and Mc Intosh, 1990;
belongs to Alphavirus genus of the Togaviridae family. Turell et al., 1992; Jupp and Kemp, 1996)‘_ Immune
It is an enveloped, single-stranded, positive-sense response for CHIKV has also been shown in several

RNA virus. CHIKV was first discovered in Tanzania, kinds of animals such as monkey, bat, §wine, anc} b'ird
east Africa in 1952 and was identified in Thailand in (Jaffar-Bandjee et al., 2009). The major amplifying

1958. According to E1 envelope glycoprotein, CHIKV vectors for this virus are Aedes aegypti and Aedes
can be divided into four lineages: West Africa, East albopictus, and transovarial transmission of CHIKV
Central and South Africa, Asian. and Indian C,)cean was also detected in these mosquitoes (Thavara et al.,
lineage (IOL). IOL is the lineage that evolves from 2009). Howev'er,' other mosqulto‘spe’aes m{gh? also
East Central and South Africa lineage. The first serve as amplifying vectors for this virus (Reiskind et
outbreak of IOL occurred in Kenya in 2004 and has al., 2008; Dubrulle et al., 2009; van den Hurk et al,
spread to Indian Ocean Islands, India and other 2010).

countries in Southeast Asia (Parola et al., 2006).
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This study was conducted to investigate the
possibility of small mammal and avian to serve as an
amplifying host for CHIKV. Thailand strain of CHIKV
infection in mice and baby chickens was
experimented by comparing it with reference strain of
CHIKV. The initial data from our study are beneficial
for future research on the relationship among CHIKV,
mosquitoes and animals in the transmission cycle of
CHIKYV in nature.

Materials and Methods

Virus and cell culture: Thailand 2010 and Ross/186
(reference strain) strains of Chikungunya virus
(CHIKYV) were used in this study. Thailand 2010 strain
of CHIKV was provided by the Faculty of Medicine,
Chulalongkorn University, Thailand and Ross/186
strain of CHIKV was provided by the National
Institute of Health of Thailand (Material Transfer
Agreement 18-53-06).

Cell and medium: CHIKV was propagated and
assayed in Vero-76 cells. Cells were propagated in cell
growth medium (GM) containing MEM media (Gibco,
Invitrogen) with 10% fetal bovine serum (FBS),
glutamate (Gibco, Invitrogen), and 20 mg of
gentamicin sulfate per 100 ml of media. Maintenance
medium (MM) containing MEM media (Gibco,
Invitrogen) with 1% FBS, glutamate (Gibco,
Invitrogen), and 20 mg of gentamicin sulfate per 100
ml of media.

Virus assay: Vero-76 cells were propagated in GM,
and CHIKV was propagated in confluent Vero-76
cells with MM in 25-cm? cell culture flask. Ten-fold
dilution of CHIKV was assayed for an amount of
virus in Vero-76 cells with MM in 25-cm? cell culture
flask. Cell cultures were observed for cytopathic effect
for up to four days and cell culture medium was
confirmed by reverse transcription polymerase chain
reaction. Virus titers were expressed as CIDso/ml.

Viral nucleic acid extraction: Viral nucleic acid was
extracted from an individual serum sample or cell
culture medium by using viral nucleic acid extraction
kit IT (Geneaid, Taiwan) based on the manufacturer’s
recommendation, and each of them was kept at -80°C
until tested.

Reverse transcription polymerase chain reaction:
Each extracted viral nucleic acid sample was tested
for CHIKV by using reverse transcription polymerase
chain reaction (RT-PCR) according to Naresh Kumar
et al. (2007) and Theamboonlers et al. (2009) with
slight modification. The primers were DVRChk-R
5 GGGCGGGTAGTCCATGTTGTAGA3Y and
DVRChk-F 5 ACCGGCGTCTACCCATTCATGTY
(Naresh Kumar et al., 2007). This primer pair will
amplify E1 gene of CHIKV. RT-PCRs were performed
in 25 pl-reaction. One and a half pl of RNA was mixed
with 12.5 pl of 2x-master mix (0.4 mM dNTP, 3.2 mM
MgSOy) (Invitrogen, Carlsbad, CA), 1 pl of forward
and reverse primer (10 pM), 1 pl of SuperScript III
RT/Platinum Taq Mix (Invitrogen, Carlsbad, CA),
and 8 pl of ultrapure water (Invitrogen, Carlsbad,
CA). After the reverse transcription step at 48°C for 30
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min and the initial PCR activation step at 94°C for 5
min, the amplification was carried out for 35 cycles
with the following temperature cycling parameters:
940C for 45 sec of denaturation, 56°C for 45 sec of
annealing, and 720C for 60 sec of extension. The final
amplification cycle included an addition of 7 min
extension at 720C. RNA was amplified by using
thermocycler (Perkin Elmer Cetus 9600, Perkin Elmer,
Waltham, MA). The PCR product was mixed with 6 pl
of loading buffer (BlueJuice™ Gel Loading Bulffer,
Invitrogen, Carlsbad, CA) and analyzed in 2% agarose
gel (UltraPure™, Invitrogen, Carlsbad, CA) with
expected 330 base pair band.

Experimental animals: ICR mice and baby chickens
were inoculated with Thailand 2010 and Ross/186
strains of CHIKV. This study was approved by the
Chulalongkorn University Animal Care and Use
Committee (Animal Use Protocol and Approval No.
1031038). Four- and six-week-old mice were
inoculated with 104, 106 and 108 CIDsp and two-week-
old mice were inoculated with only 108 CIDsp of
CHIKV by intraperitoneal injection. Five-day-old
baby chickens were inoculated with 102, 104, 106 and
108 CIDsp of CHIKV by intramuscular injection. The
mice were anesthetized with 10 mg of tiletamine
hydrochloride and  zolazepam  hydrochloride
(Zoletil®, Virbac, France) per kg of mice and blood
was collected by heart puncture. For the baby
chickens, blood was collected from jugular vein. After
the blood was collected, the mice and baby chickens
were euthanized.

Results

Chikungunya (CHIKYV) infection in mice: Four- and
six-week-old mice were inoculated with 104, 106 and
108 CIDsp and two-week-old mice were inoculated
with only 108 CIDsg of Thailand 2010 and Ross/186
strains of CHIKV by intraperitoneal injection. Serum
samples were tested for CHIKV infection by reverse
transcription polymerase chain reaction (RT-PCR) for
7 days post inoculation (PI). CHIKV was detected
only in two- and four-week-old mice that were
inoculated with 108 CIDs of CHIKYV. Virus was found
for three days in four-week-old mice post inoculation
(PI). The percentages of Thailand 2010 strain of
CHIKYV in four-week-old mice were 80, 80, and 60%
on day 1, 2, and 3 PI, respectively. The percentages of
Ross/186 strain of CHIKV in four-week-old mice
were 60, 100, and 60% on day 1, 2, and 3 PL
respectively. The percentages of Thailand 2010 strain
of CHIKV in two-week-old mice were 90, 100, and
67% on days 1, 2, and 3 PI, respectively. The
percentages of Ross/186 strains of CHIKV in two-
week-old mice were 100, 100, 50, 83, and 100% on
days 1, 2, 3, 4, and 5 P, respectively (Table 1).

Chikungunya infection in baby chickens: Five-day-old
baby chickens were inoculated with 102, 104, 106 and
108 CIDsp of Thailand 2010 and Ross/186 strains of
CHIKV by intramuscular injection. Serum samples
were tested for CHIKV infection by RT-PCR for 7
days PI. No CHIKV was detected from all baby
chicken serum samples (Table 2).
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Table 1 Thailand 2010 and Ross/186 strains of Chikungunya virus (CHIKV) infection in six-, four-, and two-week-old

ICR mice
CHIKV Day post inoculation

Mice Age CHI.KV inoculum

(weeks) strain (CIDsy) 1 2 3 4 5 6 7
6 Thailand 104 0/5* 0/5 0/5 0/5 0/5 0/5 0/5
6 Ross/ 186 104 0/5 0/5 0/5 0/5 0/5 0/5 0/5
6 Thailand 106 0/5 0/5 0/5 0/5 0/5 0/5 0/5
6 Ross/186 106 0/5 0/5 0/5 0/5 0/5 0/5 0/5
6 Thailand 108 0/5 0/5 0/5 0/5 0/5 0/5 0/5
6 Ross/186 108 0/5 0/5 0/5 0/5 0/5 0/5 0/5
4 Thailand 104 0/5 0/5 0/5 0/5 0/5 0/5 0/5
4 Ross/ 186 104 0/5 0/5 0/5 0/5 0/5 0/5 0/5
4 Thailand 106 0/5 0/5 0/5 0/5 0/5 0/5 0/5
4 Ross/186 106 0/5 0/5 0/5 0/5 0/5 0/5 0/5
4 Thailand 108 4/5 4/5 3/5 0/5 0/5 0/5 0/5
4 Ross/186 108 3/5 5/5 3/5 0/5 0/5 0/5 0/5
2 Thailand 108 9/10 3/3 4/6 0/6 0/4 - -
2 Ross/ 186 108 5/5 6/6 3/6 5/6 1/1 - -

* number of infected/tested mice

Table 2 Thailand 2010 and Ross/186 strains of Chikungunya virus (CHIKV) infection in five-day-old baby chickens

CHIKYV inoculum

Day post inoculation

CHIKV strain (CIDs0) 1 2 3 4 5 6 7

Thailand 102 0/5* 0/5  0/5 0/5 0/5 0/5 0/5
Ross/186 102 0/5 0/5  0/5 0/5 0/5 0/5 0/5
Thailand 104 0/5 0/5  0/5 0/5 0/5 0/5 0/5
Ross/186 104 0/5 0/5  0/5 0/5 0/5 0/5 0/5
Thailand 106 0/5 0/5  0/5 0/5 0/5 0/5 0/5
Ross/186 106 0/5 0/5  0/5 0/5 0/5 0/5 0/5
Thailand 106 0/5 0/5  0/5 0/5 0/5 0/5 0/5
Ross/186 108 0/5 0/5  0/5 0/5 0/5 0/5 0/5

* number of infected/tested baby chickens

Discussion

This study was conducted to investigate
Thailand 2010 and Ross/186 (reference strain) strains
of Chikungunya virus (CHIKV) infection in two-,
four-, and six-week-old ICR mice (Mus musculus) and
in five-day-old baby chickens (Gallus gallus). The
animals were inoculated with different amounts of the
virus, and the animals were tested for the presence of
the virus in blood circulation by reverse transcription
polymerase chain reaction (RT-PCR) post inoculation
(P1).

In the present study, CHIKV could not be
detected from any baby chickens and six-week-old
mice PI. However, CHIKV could be detected from
two- and four-week-old mice that were inoculated
with 108 CIDsp. A group of four-week-old mice were
inoculated with 104, 10¢ and 108 CIDsg, but the virus
was only detected when they were inoculated with
108 CIDsp. A group of two-week-old mice, however,
were inoculated with only 108 CIDs in this study.
Nevertheless, the current study did not determine
whether two-week-old mice can be infected with a
lower amount of virus. Further study is, thus, needed
to address this aspect.

Thailand 2010 and Ross/186 strains of
CHIKYV infection in mice in this study could be found
for three days PI. However, when two-week-old mice
were inoculated with Ross/186 strain, viremia could
be detected for five days PI. Viremia period of CHIKV
in mice about three to five days as indicated in this
study might be sufficient for these mice to serve as
infected blood meal sources for mosquitoes in nature.
Two strains of CHIKV infection in animals were
studied to compare the infectivity between these two
strains. One strain (Thailand 2010) is the present
strain of CHIKV whose outbreak has just occurred in
Thailand, and the other strain (Ross/186) is the virus
strain from the past (reference strain). This study
indicated that the infectivity between these two
strains is quite similar. However, viremia in two-
week-old mice that were infected with Ross/186
strain was five days.

The study by Theamboonler et al. (2009)
indicated that CHIKV that was responsible for an
outbreak in Thailand in 2008 was different from the
virus that was involved in the outbreak in 1988 and
during 1995-1996. However, a property of this virus is
closely related to the virus that was involved in the
outbreak in Singapore in 1998. The previous study
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also revealed that CHIKV which had recently been
found in Thailand was in the Indian Ocean lineage
(IOL) with the substitution of an alanine to valine at
the 226th position of the E1 envelope glycoprotein (E1-
A226V). This replacement caused an increase in the
replication and infectivity of the virus by losing
cholesterol dependence for growth. An ability of RNA
viruses to develop speedily might increase their
vector and host range (Tsetsarkin et al., 2007). This E1-
A226V probably induces the adaptation of CHIKV to
different mosquito species which enable Aedes
albopictus to become more potential vectors than Aedes
aegypti (Tsetsarkin et al., 2007). In the past, CHIKV
isolated from Thailand was in the Asian lineage, and
the competent vector was Aedes aegypti; however,
CHIKV that was responsible for the outbreak in
Thailand during 2008-2010 was the IOL with El1-
A226V, and the majority of the vector was Aedes
albopictus (de Lamballerie et al., 2008; Thavara et al.,
2009).

The present study indicated that both strains
of CHIKV can infect ICR mice and that the viremia
period was quite similar. These infected mice,
however, did not show any signs and symptoms of
walking difficulty or joint and muscle pain. Tissue
tropisms for CHIKV are striated muscle, joint, and
skin. Factors that were involved in CHIKV infection
in mice are age and type-I interferon signaling
(Couderc et al., 2008; Ziegler et al., 2008; Couderc and
Lecuit, 2009). The findings of this study revealed
similarity with those of the previous study about the
age of mice and infectivity. ICR mice are outbred
mice, but these mice can still be infected with CHIKV.
On the contrary, CHIKV could not be detected from
any baby chickens in this study. The finding is,
therefore, in line with previous studies which
indicated that CHIKV can infect different kinds of
mammal but not avian (Weinbren et al., 1958;
Osterrieth and Blanes-Ridaura, 1960; Halstead and
Udomsakdi, 1966).

Further studies are still needed to be
conducted to investigate the viremia levels of CHIKV
infection in mice and other animals. In addition,
infection, dissemination, and transmission of CHIKV
in mosquitoes are also required to be further
explored.

Acknowledgements

The research reported in this article was
partially funded by the Ratchadapisek sompoch
endowment fund, Chulalongkorn  University,
Thailand. This work (HR1160A-55) was also
supported by the Higher Education Research
Promotion and National Research University Project
of Thailand, Office of the Higher Education
Commission. The authors would like to thank the
National Institute of Health of Thailand for Ross/186
strain of Chikungunya virus and the Faculty of
Medicine, Chulalongkorn University, Thailand for
Thailand 2010 strain of Chikungunya virus.

357

References

Couderc, T., Chretien, F., Schilte, C., Disson, O.,
Brigitte, M., Guivel-Benhassine, F., Touret, Y.,
Barau, G., Cayet, N., Schuffenecker, I., Despres,
P., Arenzana-Seisdedos, F., Michault, A., Albert,
M.L. and Lecuit, M. 2008. A mouse model for
Chikungunya: Young age and inefficient type-I
interferon signaling are risk factors for severe
disease. PLoS Pathog. 4: €29.

Couderc, T. and Lecuit, M. 2009. Focus on
Chikungunya pathophysiology in human and
animal models. Microbes Infect. 11: 1197-1205.

Dubrulle, M., Mousson, L., Moutailler, S., Vazeille, M.
and Failloux, A.B. 2009. Chikungunya virus and
Aedes mosquitoes: saliva is infectious as soon as
two days after oral infection. PLoS One. 4: e5895.

Halstead, S.B. and Udomsakdi, S. 1966. Vertebrate
hosts of Chikungunya virus. Bull World Health
Organ. 35: 89.

Jaffar-Bandjee, M.C., Das, T., Hoarau, J.J., Krejbich
Trotot, P., Denizot, M., Ribera, A., Roques, P.
and Gasque, P. 2009. Chikungunya virus takes
centre stage in virally induced arthritis: Possible
cellular and molecular mechanisms to
pathogenesis. Microbes Infect. 11: 1206-1218.

Jupp, P.G. and Kemp, A. 1996. What is the potential
for future outbreaks of Chikungunya, dengue
and yellow fever in southern Africa? S Afr Med
J. 86: 35-37.

Jupp, P.G. and McIntosh, B.M. 1990. Aedes furcifer and
other mosquitoes as vectors of Chikungunya
virus at Mica, northeastern Transvaal, South
Africa. ] Am Mosq Control Assoc. 6: 415-420.

Mackenzie, ].S., Chua, K.B., Daniels, P.W., Eaton, B.T.,
Field, H.E., Hall, R.A., Halpin, K., Johansen,
C.A., Kirkland, P.D., Lam, S.K.,, McMinn, P.,
Nisbet, D.J., Paru, R., Pyke, A.T., Ritchie, S.A.,,
Siba, P., Smith, D.W., Smith, G.A., van den
Hurk, A.F., Wang, L.F. and Williams, D.T. 2001.
Emerging viral diseases of Southeast Asia and
the Western Pacific. Emerg Infect Dis. 7: 497-504.

Naresh Kumar, C.V.M., Anthony Johnson, A.M. and
Sai Gopal, D.V.R. 2007. Molecular
characterization of Chikungunya virus from
Andhra Pradesh, India & phylogenetic
relationship with Central African isolates.
Indian ] Med Res. 126: 534-540.

Osterrieth, P. and Blanes-Ridaura, G. 1960. Research
on the Chikungunya virus in the Belgian Congo.
I. Isolation of the virus in upper Uele. Ann Soc
Belg Med Trop. 40: 199-203.

Parola, P., de Lamballerie, X., Jourdan, J., Rovery, C.,
Vaillant, V., Minodier, P., Brouqui, P., Flahault,
A., Raoult, D. and Charrel, R.N. 2006. Novel
Chikungunya virus variant in travelers
returning from Indian Ocean islands. Emerg
Infect Dis. 12: 1493-1499.

Reiskind, M.H., Pesko, K., Westbrook, C.J. and Mores,
C.N. 2008. Susceptibility of Florida mosquitoes
to infection with Chikungunya virus. Am J Trop
Med Hyg. 78: 422-425.

Thavara, U. Tawatsin, A., Pengsakul, T,
Bhakdeenuan, P., Chanama, S., Anantapreecha,
S., Molito, C., Chompoosri, J., Thammapalo, S.,



358

Sawanpanyalert, P. and Siriyasatien, P. 2009.
Outbreak of Chikungunya fever in Thailand and
virus detection in field population of vector
mosquitoes, Aedes aegypti (L) and Aedes
albopictus Skuse (Diptera: Culicidae). Southeast
Asian ] Trop Med Public Health. 40: 951-962.

Theamboonlers, A, Rianthavorn, P,
Praianantathavorn, K., Wuttirattanakowit, N.
Poovorawan, Y. 2009. Clinical and molecular
characterization of Chikungunya virus in South
Thailand. Jpn J Infect Dis. 62: 303-305.

Tsetsarkin, K.A., Vanlandingham, D.L., McGee, C.E.
and Higgs, S. 2007. A single mutation in
Chikungunya virus affects vector specificity and
epidemic potential. PLoS Pathog. 3(12): e201.

Turell, M.]., Beaman, J.R. and Tammariello, R.F. 1992.
Susceptibility of selected strains of Aedes aegypti
and Aedes albopictus (Diptera: Culicidae) to
Chikungunya virus. ] Med Entomol. 29: 49-53.

van den Hurk, AF., Hall-Mendelin, S., Pyke, A.T.,
Smith, G.A. and Mackenzie, ]J.S. 2010. Vector
competence of Australian mosquitoes for
Chikungunya virus. Vector Borne Zoonotic Dis.
10(5): 489-495.

Weinbren, M.P., Haddow, A.J. and Williams, M.C.
1958. The occurrence of Chikungunya virus in
Uganda. I. Isolation from mosquitoes. Trans R
Soc Trop Med Hyg. 52: 253-257.

Ziegler, S.A., Lu, L., da Rosa, A.P., Xiao, S.Y. and
Tesh, R.B. 2008. An animal model for studying
the pathogenesis of Chikungunya virus
infection. Am J Trop Med Hyg. 79: 133-139.

Tiawsirisup S. et al./ Thai | Vet Med. 2012. 42(3): 353-358.





