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Chikungunya virus isolates with/without A226V
mutation show different sensitivity to IFN-a, 
but similar replication kinetics in non human

primate cells
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Chikungunya virus (CHIKV) is a mosquito-trans-
mitted alphavirus belonging to Togaviridae fam-
ily. CHIKV is geographically distributed in Africa,
Asia, Indian Ocean Islands and India (Saluzzo et
al., 1983; Enserink et al., 2006; et al., 2006;
AbuBakar et al., 2007) and is also responsible for
several imported cases in Southern Europe, giv-
ing rise, in 2007, to the first autochthonous
European outbreak in Italy (Rezza et al., 2007;
Charrel et al., 2008). At present, after a few years
of relative dormancy in Réunion Island, CHIKV
transmission has restarted, with one case im-
ported in France (May 2010). This episode has
refreshed concerns about the possibility of re-
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newed autochthonous transmission in Mediter -
ranean countries. Given the expanding geo-
graphic range of CHIKV and its potential to rap-
idly cause large scale epidemics, it has become
important to understand the immune and path-
ogenic mechanisms active during CHIKV infec-
tions in order to guide the development of tar-
geted and effective control and treatment strate-
gies. Phylogenetic analysis of CHIKV strains cir-
culating in A. Albopicus-humans transmission cy-
cles, obtained during outbreaks, have identified
the independent acquisition of a common muta-
tion in E1 glycoprotein (E1gp), namely A226V, in
strains isolated from different geographic regions
(Schuffenecker et al., 2006; de Lambellerie et al.,
2008). In a previous paper we analysed seven
CHIKV isolates, five imported to Italy and two
coming from the Italian outbreak, with respect
to the presence of A226 mutation (Bordi et al.,
2008). All the imported and autochthonous
strains showed the A226V mutation with the ex-
ception of the isolate imported from India in
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2006, suggesting that the acquisition and fixation
of the A226V mutation may be a common path-
way of CHIKV outbreak explosion, in a parallel
interplay with the mosquito vector dynamics.
Since this mutation has been associated with en-
hanced replication and fitness of CHIKV in A. al-
bopictus vector and has also been shown to mod-
ulate cholesterol requirement for infection of in-
sect cells (Tsetsarkin et al., 2007), we investigated
the possible involvement of A226V mutation in
enhanced pathogenesis in non vector hosts, by
testing the replication competence in primate cell
cultures of two isolates, among those described
(Bordi et al., 2008), differing for the presence or
absence of this mutation. In addition, since it has
been clearly demonstrated that CHIKV replica-
tion is significantly influenced by type I and II
IFNs (Sourisseau et al., 2007; Courderc et al.,
2008; Schilte et al., 2010), we considered the pos-
sibility that the A226V mutation could be associ-
ated with partial resistance to the inhibitory ac-
tion of IFN-a in classical experiments of inhibi-
tion of virus replication. 
Two primary CHIKV isolates, one carrying the
A226V mutation and one with wild type
aminoacid were serially adapted on Vero E6 cells
with identical passage history (6 passages) and
culture conditions. Following those passages, the
presence and absence of the mutation in the two
isolates was confirmed by sequence analysis. The
partial E1 sequences were identical to the origi-
nal ones obtained from the primary isolates, de-
posited in GenBank (accession number:
EU188924, named A226V and EU190884, named
226wt). The two virus preparations were used to
infect Vero E6 cells, using either single replica-
tion cycle conditions (i.e. MOI 10, data not
shown) or multiple replication (i.e. MOI 0.01,
Figure 1A). After 1h of adsorption, cells were
washed, treated with trypsin (0.05%)/EDTA
(0.02%) for 2 min at 37°C and washed again, to
eliminate residual inoculum and virus remained
in the outer cell surface. At the indicated times
post-infection, progeny virus was harvested by
freezing/thawing the cultures three times. After
supernatant clarification, virus yield was meas-
ured by both quantitative real time RT-PCR and
viral infectivity assay. Quantitative real time RT-
PCR targeting nsP1 gene was performed accord-
ing to (Carletti et al., 2007), and the results ex-
pressed as copies/ml. Virus titration was per-

formed on VeroE6 cells with limiting dilution as-
say, using three-fold serial dilutions. Infectivity is
expressed as 50% tissue culture infectious dose
(TCID50). To establish the proportion of virus-in-
fected cells, cells were seeded in chamber slides
(Lab-Tek™, Thermo Fisher Scientific, Waltham,
Massachusetts) infected at MOI 0.01 and stained
with specific antibodies at different time points.
Specifically, at each time point 5x105 cells were
washed with phosphate-bufferedsaline, fixed and
incubated with a human serum sample positive
for Chikungunya IgG (IFA titer: 320) for 30 min-
utes at 37°C. Then, the slides were washed with
PBS and incubated with fluorescein-labeled affin-
ity-purified goat antibodies to human im-
munoglobulin G (IgG) (Sigma-Aldrich, St. Louis,
Missouri). The enumeration of immunofluores-
cent cells, performed on five different fields by
two investigators blinded to the experiment con-
ditions, was highly reproducible for both isolates.
For IFN-a experiments, Vero E6 cells were treat-
ed for 24h with increasing amounts of recombi-
nant IFN-a (0-0.16-0.5-1.5-4.5-13.7-41-123-370-
1,111-3,330-10,000 IU/ml), then infected with ei-
ther of the two CHIKV isolates at MOI 0.01. After
24h, cells were fixed and stained with crystal vi-
olet (Fig.1B). In a separate series of experiments
using different amounts of recombinant IFN-a
(0-2-20-200-2,000-20,000 IU/ml), virus yield was
measured by both quantitative real time RT-PCR
and viral infectivity assay. Statistical analysis of
the results was performed using unpaired t-test.
No significant differences between the two iso-
lates were observed in terms of replication kinet-
ics on Vero E6 cells using either single replica-
tion cycle (MOI 10) and multiple replication cy-
cle (MOI 0.01) conditions. Specifically, under sin-
gle replication cycle conditions, the replication
curve peaked at 24h post-infection and remained
at plateau thereafter (data not shown); under
multiple replication cycle conditions, replication
kinetics peaked at 48h post-infection, with a sub-
sequent plateau (Figure 1A). 
Immunofluorescence staining of cultures infect-
ed at MOI 0.01 showed no significant difference
between the two isolates. In both cases, the pro-
portion of cells stained with virus-specific anti-
bodies progressively rose from 1% at 6 hours to
70-80% at 24 hours, reaching a plateau of 100%
thereafter (insert of Figure 1A). The shape and
the size of the foci of fluorescent cells (insert of
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Figure 1A) as well as the appearance of cytopathic
effect (CPE) in infected cultures were indistin-
guishable between the two isolates. In vitro ex-
periments of inhibition of virus replication by re-
combinant IFN-a on Vero E6 cells showed a dose-
dependent reduction of CPE (Figure 1B) and of
virus replication for both isolates, assessed by in-
fectious virus yield (Figure 1D) and viral RNA
titration (Figure 1C). However, the results from all
standpoints indicated that the A226V carrying
isolate is more sensitive to the antiviral effect of
IFN-a: in fact, the limiting dilution at which IFN-
induced protection vanished was 0.5-1.5 IU/ml
for the A226V-carrying isolate, and 14 IU/ml for
the wt strain (Figure 1B). A consistent 1 Log shift

of the inhibition curve for both RNA and TCID50
was observed for virus yield measurements
(Figure 1C, 1D). Moreover, when measuring the
ratio RNA/infectivity of the virus progeny ob-
tained in the various experimental conditions, a
significant increase was observed in the presence
of IFN-a for the A226V-carrying isolate (1.44±0.31
untreated vs 2.28±0.06, with 20,000 IU/ml IFN-
a, p=0.024 in Student’s t test), while no signifi-
cant difference was observed for the wt strain
(1.45±0.62 untreated vs 1.30±0.21 with 20,000
IU/ml IFN-a, p=0.764).
In conclusion, a complex interplay of factors such
as virus genetic variations as well as environ-
mental factors may influence the emergence of
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FIGURE 1 - Time course of the replication of 226wt and A226V CHIKV isolates on primate Vero E6 cells (Panel A),
and the inhibition of virus replication by recombinant IFN-a (Panels B-D). Panel A: Cells were infected at MOI 0.01
and virus replication was monitored as viral RNA and infectivity yield; at the time points marked by arrows, the
shape of infected cell foci is shown in the insert, and the percentage of cells stained by virus-specific antiserum is in-
dicated. Panel B: Dose-dependent reduction of viral CPE by recombinant IFN-a. Panels C and D: Dose-dependent
reduction of viral RNA and virus infectivity yield, respectively, by recombinant IFN-a. One representative experiment
is shown for each panel. Symbols: � = 226wt; 0 = A226V; continuous line: viral RNA (Log cp/ml); dotted line: viral
infectivity (Log TCID50/ml).



new infectious diseases, and may therefore play
important roles in this regard. Changes in the en-
velope glycoproteins of CHIKV have been de-
scribed to affect infectivity in different mosquito
species. In particular, a single change at position
226 of E1 gene has been associated with the adap-
tation of the virus to more efficiently infect and
be transmitted by A. albopictus vector, although
not affecting the virus replication efficiency in in-
sect cells in vitro (10). Our results suggest that
the presence of A226V mutation also does not in-
fluence the replication kinetics on primate cells,
both using single and multiple replication cycle
conditions. Moreover, the time course of appear-
ance of CPE and of cells immunostained with
CHIKV-specific antiserum, is very similar for
both the isolates, as is the shape of the virus-pos-
itive multicellular foci, thus suggesting a similar
mechanism of spread of the virus in the infected
cell cultures. 
During the very early phases of infection, a pivotal
role in the outcome of virus infection is current-
ly attributed to all the immediate response mech-
anisms that the host may deploy. Among immune
response mechanisms, the innate compartment
surely deserves special consideration, given its
ability to respond immediately and effectively to
virus infections. 
Overall, our results do not support the concept
that A226V mutation confers a replicative ad-
vantage in primate cell cultures, nor do they sup-
port the possibility that partial resistance to the
inhibitory action of IFN-a could account for the
explosive spread of the mutated strain in the hu-
man population in the countries where this mu-
tation had occurred (8). 
In fact, the isolate carrying the A226V mutation
is more inhibited by recombinant IFN-awith re-
spect to the wild type one in terms of viral RNA,
infectivity and reduction of CPE. A stronger in-
hibition of virus infectivity for the mutated strain
is also supported by the fact that the RNA/TCID50
ratio is significantly enhanced in virus progeny
replicated in the presence if IFN-a for this strain,
while it is virtually unaffected for the wt strain.
Major limitations of the present study are the use
of only two primary isolates, and the lack of in-
formation on their genetic background. In fact,
genetic divergence between the two isolates in
genome positions other than E1226, as well as
phenotypic or epigenetic characteristics, or in vit-

ro selection bias, may have contributed to the ob-
served differences in sensitivity to exogenous IFN-
a. However, we tried to reduce the selection bias
due to in vitro isolation and propagation as much
as possible using virus stocks with identical pas-
sage history and culture conditions. 
Overall, it is not possible, at present, to drive clear
cut evidence that the A226V mutation is actually
contributing to enhanced pathogenicity in pri-
mate hosts (including humans), and targeted ex-
periments introducing the A226V mutation in a
common genetic background are warranted to
clarify this point. 
In addition, the possibility that the interplay be-
tween the virus and the innate defence system
may act at different levels of the virus/host inter-
action is to be taken into consideration, by ex-
ploring, for instance, other steps of the IFN re-
sponse activation. 

ACKNOWLEDGMENTS
Financial support: this study was partly supported
by grants from Italian Ministry of Health (Ricerca
Corrente and Ricerca Finalizzata).

REFERENCES 

ABUBAKAR S., SAM I.C., WONG P.F., MATRAHIM N., HOOI

P.S., ROSLAN N. (2007) Reemergence of endemic
Chikungunya, Malaysia. Emerging Infectious
Diseases. 13, 147-149.

BORDI L., CARLETTI F., CASTILLETTI C., CHIAPPINI R.,
SAMBRI V., CAVRINI F., IPPOLITO G., DI CARO A.,
CAPOBIANCHI M.R. (2008). Presence of the A226V
mutation in autochthonous and imported Italian
chikungunya virus strains. Clinical Infectious
Diseases. 47, 428-429.

CARLETTI F., BORDI L., CHIAPPINI R., IPPOLITO G.,
SCIARRONE M.R., CAPOBIANCHI M.R., DI CARO A.,
CASTILLETTI C. (2007). Rapid detection and quan-
tification of Chikungunya virus by a one-step re-
verse transcription polymerase chain reaction re-
al-time assay. American Journal of Tropical Medicine
and Hygene. 77, 521-524.

CHARREL R., DE LAMBALLERIE X. (2008). Chikungunya in
north-eastern Italy: a consequence of seasonal syn-
chronicity. Euro Surveillance. 13.

COUDERC T., CHRÉTIEN F., SCHILTE C., DISSON O.,
BRIGITTE M., GUIVEL-BENHASSINE F., TOURET Y.,
BARAU G., CAYET N., SCHUFFENECKER I., DESPRÈS P.,
ARENZANA-SEISDEDOS F., MICHAULT A., ALBERT M.L.,
LECUITM. (2008). A mouse model for Chikungunya:
young age and inefficient Type-I interferon sig-

90 L. Bordi, S. Meschi, M. Selleri, E. Lalle, C. Castilletti, F. Carletti, R. Chiappini, A. Di Caro, M.R. Capobianchi



nalling are risk factors for severe diseas. Plos
Pathogen. 4, e29.

DE LAMBELLERIE X., LEROY E., CHARREL R.N.,
TTSETSARKIN K., HIGGS S., GOULD E.A. (2008).
Chikungunya virus adapts to tiger mosquito via
evolutionary convergence: a sign of things to come?
Journal of Virology. 5, 33.

ENSERINK M. (2006). Infectious diseases. Massive out-
break draws fresh attention to little-known virus.
Science. 311, 1085.

PAROLA P., DE LAMBALLERIE X., JOURDAN J., ROVERY C.,
VAILLANT V., MINODIER P., BROUQUI P., FLAHAULT A.,
RAOULT D., CHARREL R.N. (2006). Novel
Chikungunya virus variant in travellers returning
from Indian Ocean islands. Emerging Infectious
Diseases. 12, 1493-1499.

REZZA G., NICOLETTI L., ANGELINI R., ROMI R., FINARELLI

A.C., PANNING M., CORDIOLI P., FORTUNA C., BOROS

S., MAGURANO F., SILVI G., ANGELINI P., DOTTORI M.,
CIUFOLINI M.G., MAJORI G.C., CASSONE A; CHIKV
STUDY GROUP. (2007). Infection with Chikungunya
virus in Italy: an outbreak in a temperate region.
Lancet. 370, 1840-1846.

SALUZZO J.F., CORNET M., DIGOUTTE J.P. (1983). Une
pousséé épidémique due au virus chikungunya
dans l’ouest du Sénégal en 1982. Mèdecine d’Afrique
Noire. 30, 427-430.

SCHILTE C., COUDERC T., CHRETIEN F., SOURISSEAU M.,

GANGNEUX N., GUIVEL-BENHASSINE F., KRAXNER A.,
TSCHOPP J., HIGGS S., MICHAULT A., ARENZANA-
SEISDEDOS F., COLONNA M., PEDUTO L., SCHWARTZ O.,
LECUIT M., ALBERT M.L. (2010). Type I IFN controls
chikungunya virus via its action on non-hematopoi-
etic cells. Journal of Experimental Medicine. 207,
429-442.

SCHUFFENECKER I., ITEMAN I., MICHAULT A., MURRI S.,
FRANGEUL L., VANEY M.C., LAVENIR R., PARDIGON N.,
REYNES J.M., PETTINELLI F., BISCORNET L., DIANCOURT

L., MICHEL S., DUQUERROY S., GUIGON G., FRENKIEL

M.P., BRÉHIN A.C., CUBITO N., DESPRÈS P., KUNST F.,
REY F.A., ZELLER H., BRISSE S. (2006). Genome mi-
croevolution of Chikungunya viruses causing the
Indian Ocean outbreak. Plos Medicine. 3, e263.

SOURISSEAU M., SCHILTE C., CASARTELLI N., TROUILLET

C., GUIVEL-BENHASSINE F., RUDNICKA D., SOL-FOULON

N., LE ROUX K., PREVOST M.C., FSIHI H., FRENKIEL

M.P., BLANCHET F., AFONSO P.V., CECCALDI P.E.,
OZDEN S., GESSAIN A., SCHUFFENECKER I., VERHASSELT

B., ZAMBORLINI A., SAÏB A., REY F.A., ARENZANA-
SEISDEDOS F., DESPRÈS P., MICHAULT A., ALBERTM.L.,
SCHWARTZ O. (2007) Characterization of reemerg-
ing chikungunya virus. PLoS Pathogen. 3, e89.

TSETSARKIN K.A., VANLANDINGHAM D.L., MCGEE C.E.,
HIGGS S. (2007). A Single Mutation in Chikungunya
Virus Affects Vector Specificity and Epidemic
Potential. PLoS Pathogen. 3, 1895-1906.

Chikungunya virus isolates with/without a226V mutation 91






