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Introduction

Japanese encephalitis caused by a mosquito-borne JEV (the
family Flaviviridae, the genus Flavivirus) has gained
considerable public health importance both in Southeast and
Western Pacific regions (Monath and Heinz, 1996; Vaughn
and Hoke, 1992; Rodrigues, 1984). Since 1995, the disease
has also emerged in non-Asian region such as Northern
Australia (Hanna et al., 1999, 1996). The situation in Southeast
Asia, however, is further complicated by overlapping epidemics
of JEV and DENV as well as by sporadic cases of WNV
detected in some of the affected areas (George et al., 1984).
The simultaneous incidence of these three closely related
flaviviruses in some parts of Southeast Asia particularly in
India has been of epidemiological interest due to the cross-
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Summary. – In the present study, the effect of monoclonal antibodies (MAbs) against glycoprotein E (gE)
of Japanese encephalitis virus (JEV) strain 733913 administered 1 day before or 2 days after intracerebral (i.c.)
challenge with West Nile virus (WNV) strain 68856 or Dengue virus (DENV-2) strain P23085, was studied in
mice. Furthermore, two JEV strains belonging to group II (strains 641686 and 691004) that have lost reactivity
against virus-specific MAbs were also used in passive immunization experiments. MAbs as ascitic fluids were
administered intraperitoneally (i.p.) in mice. Hemagglutination-inhibition- (HAI) positive JEV-specific (Hs-3)
MAbs given 2 days after the virus infection showed reduced mortality along with increased survival of mice
challenged with WNV or with DENV-2. Also the HAI-positive flavivirus cross-reactive (Hx) MAbs produced
a marginal increase in the survival of mice challenged with both JEV strains 641686 and 691004 belonging to
the group II. As the MAbs reacting with HAI-positive JEV-specific (Hs) and HAI-negative JEV-specific (NHs)
epitopes were neutralizing and protective in mice against JEV strain 733913 challenge, the results indicated
presence of the cross-protection phenomenon that might be occurring in some of the localities endemic for the
three closely related flaviviruses.
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reactive immune response occurring in people residing in the
affected localities (Carey and Myers, 1968).

The major envelope gE of flaviviruses contains most of
the antigenic epitopes that induce various biological function
such as hemagglutination (HA), neutralization (N)
(Roehring, 1986; Monath, 1985) and shows antigenic
reactivity that ranges from specific to cross-reactive (Gould
et al., 1986; Halstead et al., 1984; Mathews and Roehring,
1984; Kimura- Kuroda and Yasui, 1983; Heinz et al., 1983;
Peiris et al., 1982). Mapping of antigenic epitopes of gE,
JEV strain 733913 (group I strain of Indian origin)
employing MAbs showed existence of five domains
represented by the MAb groups involving Hs, NHs, Hx,
HAI-negative flavivirus cross-reactive (NHx), and HAI-
negative auto-reactive (NHA) MAbs (Cecilia et al., 1988;
Kedarnath et al., 1986). The MAbs reacting with Hs and
NHs epitopes are neutralizing, while MAbs corresponding
to Hx domain showed in vitro antibody-dependent virus
enhancement (ADVE), in addition to the virus neutralization
(Cecilia and Ghosh, 1988).

The aim of the present study was to characterize the effect
of MAbs prepared against gE of JEV strain 733913 on
DENV-2 (P23085), WNV (strain 68856) or group II JEV
(strains 641686 and 691004) infections in mice. A group of
mice infected with homologous JEV strain 733913 against
which anti-gE MAbs were raised served as the positive
control.

Materials and Methods

Mice. Albino mice (Webster or Swiss strain) were obtained
from the Rockefeller Foundation Virus Laboratories, New York.
The mice have been maintained by random breeding. Swiss 3 to
4-week-old mice were employed in the study as approved by the
Institutional Animal Ethics Committee for the animal maintenan-
ce and experimental work at National Institute of Virology, Pune.

Virus strains. Two JEV strains 641686 of Indian origin and
691004 of Sri Lankan origin were characterized as group II strains
on the basis of the loss of Hs epitope functional activity (Gupta et
al., 2006a, 2000; Ghosh et al., 1989). Strain 68856 of WNV and
strain P23085 of DENV-2 of Indian origin were employed in the
protective experiments. JEV strain 733913 of Indian origin that
belonged to the group I strains of JEV was included in all the ex-
periments as a positive control. All viruses have been maintained
by i.c. passage of the virus in 2-day-old suckling mice and the
stock viruses were stored at -70oC.

Monoclonal antibodies. A panel of MAbs prepared against gE
of JEV strain 733913 in our laboratory were classified as Hs
(4 MAbs), NHs (2 MAbs), Hx (5 MAbs), NHx (3 MAbs) and NHA
(2 MAbs) according to their reactivity in different assays (Cecilia
et al., 1988; Kedarnath et al., 1986). All the Hs and NHs MAbs
were neutralizing and have protective abilities in mice against JEV
strain 733913 challenge in high (100 LD50) or low dose (5 LD50),
respectively. Though the Hx and NHx MAbs were neutralizing,

only some of them were protective in mice against the virus chal-
lenge mostly in low dose; however the former invariably depicted
ADVE. All the MAbs were assayed for the antibody contents and
only MAbs having high antibody titer were used in the experi-
ments.

Ascitic fluids (AF) were obtained from pristane-primed BALB/c
mice after inoculation of hybrid cells. AF produced in the mice by
the inoculation of SP2/0 cells and MAb prepared against Chikun-
gunya virus (CHIKV, the family Togaviridae, the genus Alphavi-
rus) that did not cross-react with any of the three flaviviruses ser-
ved as negative controls (Lad et al., 1993a).

Protective experiments. Groups of 3 to 4 week-old mice were
inoculated i.c. with 100 LD50 of the virus. At day 2 post infection,
the mice were i.p. injected with 0.1 ml of AF (diluted 1:10) contai-
ning the tested or control MAb. The inoculated mice were obser-
ved for 21 days; mortality ratio (MR) and average survival time
(AST) were calculated and compared with MR and AST of con-
trol mice. MR was expressed as number of mice died/ total num-
ber of the mice tested, whereas AST was the mean survival of the
mice in days, which included the dead as well as those survived
the virus challenge till day 21. The mice given 0.1 ml of negative
AF or MAb against CHIKV and challenged with the virus served
as negative controls, whereas the mice administered anti-gE MAbs
and challenged with JEV strain 733913 served as positive control.

In another series of experiment, 3–4-week-old mice were i.p.
administered 0.1 ml (diluted 1:10) of immune AF or control AF
(SP2/0 cells or CHIKV MAb) 1 day prior to the virus challenge
(100 LD50 of the virus injected i.c.). MR and AST were calculated
as above.

Statistics. Statistical significance of the differences for experi-
mental mice from the control values of MR was evaluated by Chi-
square test and for AST by the non-parametric method of Wilco-
xon's. P values <0.05 were considered as significant.

Results

Challenge with JEV strain 733913

The effect of MAbs and homologous JEV strain 733913
was already examined in mice (Gupta et al., 2003) and the
results were similar to those obtained in the present study. These
mice challenged with homologous virus served as a positive
control to the mice challenged with heterologous viruses.

The group Hs antibodies protected the mice when MAbs
were given 1 day before the challenge with JEV strain
733913. Of the four Hs MAbs, the protection was most
effective with MAbs Hs-4 (MR 6/20 30%, AST 15 days)
and Hs-1 (MR 9/19 47%, AST 12.6 days) as compared to
that of controls (MR 44/45 98%, AST 6.9–7.1 days), The
protection was less effective with MAbs Hs-2 (MR 12/19
63%, AST 11.44 days) and Hs-3 (MR 12/20 60%, AST 11.26
days). Generally, the protection was significantly reduced
when the Hs MAbs were given 2 days after the virus
challenge. MAbs Hs-1 (MR 14/20 70%, AST 9.79 days)
and Hs-2 (MR 16/20 80%, AST 8.1 days) exerted a little



221A.K. GUPTA et al.: SURVIVAL OF PASSIVE IMMUNIZED MICE INFECTED WITH JEV, WNV AND DENV

protection, but MAbs Hs-3 (MR 17/18 94%, AST 7.6 days)
and Hs-4 (MR 18/19 95%, AST 6.83 days) did not have any
effect. The other MAb groups, i. e. Hx and NHx did not
show any protective abilities against challenge with strain
733913.

Challenge with JEV strains 641686 and 691004

Though none of the MAbs given either 1 day prior or
2 days after the challenge with either of the two JEV group
II strains protected the mice (mortality MR 20/20), an
increase in mice survival was noticed ranging from half a day
to almost three days with some of the MAbs as compared to
the controls (AST 5.3–5.4 days) (Table 1 and 2). The
pronounced effect was observed by the MAbs NHs-1 (AST
8.35 days) and Hx-3 (AST 7.65 days) given to mice 1 day
before challenge with JEV strain 641686. In contrast, MAbs
Hx-1 and Hx-2 (AST 6.30 days for both) administered 1 day
prior to the challenge with other JEV strain 691004 showed

only a marginal increase in the mice survival. Interestingly,
the mice given MAb NHx-3 2 days after the challenge with
JEV strain 691004 showed slightly reduced survival (AST
4.9 days), whereas the mice administered the MAb 2 days
after the challenge with JEV strain 641686 showed an
increase in their survival (AST 7.45 days).

Challenge with WNV strain 68856

The Hx MAbs given 1 day prior or 2 days after the
challenge protected mice against WNV lethal infection. The
protection was highest with MAb Hx-2 (MR 6/20 30%, AST
16.15 days) and lowest with MAb Hx-5 (MR 15/20 75%,
AST 9.5 days) as compared to the controls (MR 20/20 100%,
AST 6.75–6.95 days) (Table 3). Interestingly, MAb Hs-3
given 2 days after the WNV challenge protected the mice
(MR 9/20 45%, AST 15.5 days), whereas the same MAb
failed to protect mice, when administered 1 day prior to the
virus challenge (MR 20/20 100%, AST 7.4 days).

Table 1. Survival of mice treated with MAbs before or after challenge with JEV strain 641686

MAb given i.p. 1 day before challenge MAb given i.p. 2 days after challenge

MAb (Ig subtype) AST in days Statistical AST in days Statistical
(mean + S.D.) significance P (mean+ S.D.) significance P

Hs-1 (IgG1) 6.00 + 0.72 <0.05 5.75 + 0.79 NS
Hs-3 (IgG2a) 6.05 + 0.73 <0.05 6.30 + 0.42 <0.01
Hx-1 (IgG2b) 5.95 + 0.51 <0.01 5.95 + 0.51 <0.05
Hx-2 (IgG2b) 5.60 + 0.75 NS 5.85 + 0.67 NS
Hx-3 (IgG2b) 7.65 + 0.87 <0.01 6.45 + 0.89 <0.01
Hx-5 (IgG2b) 5.80 + 1.01 NS 5.40 + 0.88 NS
NHs-1 (IgG1) 8.35 + 3.53 <0.01 6.00 + 0.40 <0.01
NHx-3 (IgG2b) 5.40 + 0.82 NS 7.45 + 1.32 <0.01
SP2/0 ascites 5.30 + 0.73 NS 5.45 + 0.59 NS
CHICKV MAb

NS = no significance; Hs = HAI-positive JEV-specific MAbs; Hx = HAI-positive flaviviruses cross-reactive MAbs; NHs = HAI-negative JEV specific
MAb; NHx = HAI-negative flaviviruses cross-reactive MAb.

Table 2. Survival of mice treated with MAbs before or after challenge with JEV strain 691004

MAb given i.p. 1 day before challenge MAb given i.p. 2 day after challenge

MAb (Ig subtype) AST in days Statistical AST in days Statistical
(mean + S.D.) significance P (mean + S.D.) significance P

Hs-1 (IgG1) 5.40 + 0.50 NS 5.05 + 0.82 NS
Hs-3 (IgG2a) 5.75 + 0.44 <0.05 5.45 + 0.82 NS
Hx-1 (IgG2b) 6.30 + 0.47 <0.01 5.50 + 0.51 <0.01
Hx-2 (IgG2b) 6.30 + 0.47 <0.01 5.40 + 0.50 <0.01
Hx-3 (IgG2b) 6.00 + 0.32 <0.01 5.55 + 0.82 <0.01
Hx-5 (IgG2b) 5.80 + 0.41 <0.05 5.25 + 0.91 <0.05
NHs-1 (IgG1) 5.75 + 0.44 <0.05 6.00 + 0.32 <0.05
NHx-3 (IgG2b) 5.80 + 0.41 <0.05 4.90 + 0.72 <0.05
SP2/0 ascites 5.40 + 0.50 NS 5.95 + 0.82 NS
CHICKV MAb

NS, Hs, Hx, NHs, NHx – for explanation see Table 1.
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Challenge with DENV-2 strain P23085

The Hx MAbs given 1 day prior to the challenge protected
mice against DENV-2 lethal infection. The protection was
highest with MAbs Hx-1 (MR 13/20 65%, AST 16.50 days)
and Hx-5 (MR 13/20 65%, AST 15.8 days) as compared to
the controls (MR 20/20 100%, AST 13.5 to 14.1 days) (Table
4). Interestingly, MAb Hs-3 given 2 days after the DENV-2
challenge protected the mice (MR 14/20 70%, AST 15.35
days), whereas the same MAb administered 1 day prior to
the virus challenge failed to protect mice (MR 20/20 100%,
AST 13.75 days).

Discussion

gE is a major flaviviral antigen that binds to the cellular
receptors, mediates cell membrane fusion, and contains an
array of epitopes that elicits production of virus neutralizing

and non-neutralizing antibodies (Gould et al., 1986; Halstead
et al., 1984; Mathews and Roehring, 1984; Kimura-Kuroda
and Yasui, 1983; Heinz et al., 1983; Peiris et al., 1982). The
protective efficacy of an anti-gE specific MAb is directly
related to its ability to neutralize virus infectivity (Kimura-
Kuroda and Yasui, 1988). The present study employing
mouse model where MAbs in the form of AF were given
1 day prior or 2 days after the virus challenge is unique.
Similarly both series of experiments match each other in
assessing the antibody effectiveness against lethal virus
infection under two different conditions when antibodies
are already present in circulation or are administered after
the establishment of virus infection in the brain, respectively
(Gupta et al., 2003; Gould and Buckley, 1989).

In the present study, i.c. route of virus inoculation was
employed that produced encephalitis in 100% of the adult
Swiss mice. This is in contrast to the virus inoculation by
peripheral routes that generally leads to the inapparent
infection of the adult mice (Lad et al., 1993b; Gupta et al.,

Table 3. MR and AST in mice treated with MAbs before or after challenge with WNV

MAb given i.p. 1 day before challenge MAb given i.p. 2 days after challenge

MAb MR Statistical AST in days Statistical Statistical AST in days Statistical
significance X2, P (mean +S.D.) significance P MR significance X2, P (mean +S.D.) significance P

Hs-3 20/20 NS 7.40 + 4.02 NS 9/20 X2 = 12.54 15.50 + 6.00 <0.01
(100%) (45%) P <0.01

Hx-1 11/20 X2 = 9.18 13.00 + 7.07 NS 12/20 X2 = 7.66 12.70 + 6.57 <0.05
(55%) P <0.01 (60%) P <0.01

Hx-2 6/20 X2 = 18.57 16.05 + 6.52 <0.01 20/20 6.75 + 1.12 NS
(30%) P <0.01 (100%)

Hx-5 15/20 X2 = 3.66 9.50 + 6.26 NS 13/20 X2 = 6.23 10.55 + 7.13 NS
 (75%) NS (65%) P <0.01

SP2/0 ascites 20/20 6.75 + 1.02 20/20 6.95 + 1.05
CHICKV (100%) (100%)
MAb

NS, Hs, Hx – for explanation see Table 1.

Table 4. MR and AST in mice treated with MAbs before or after challenge with DENV-2

MAb given i.p. 1 day before challenge MAb given i.p. 2 days after challenge

MAb MR Statistical AST in days Statistical MR Statistical AST in days Statistical
significance X2, P (mean + S.D.) significance P significance X2, P (mean + S.D.) significance P

Hs-3 20/20 NS 13.75 + 2.55 NS 14/20 X2 = 4.90 15.35 + 3.15 NS
(100%) (70%) P <0.01

Hx-1 13/20 X2 = 6.23 16.50 + 2.84 <0.01 20/20 13.40 + 2.26 <0.05
(65%) P <0.01 (100%)

Hx-2 15/20 NS 14.10 + 3.57 <0.01 20/20 12.50 + 1.85 <0.05
(75%) (100%)

Hx-5 13/20 X2 = 6.23 15.80 + 3.19 NS 16/20 NS 15.00 + 3.26 NS
(65%) P <0.01 (80%)

SP2/0 ascites 20/20 13.50 + 1.19 20/20 14.10 + 1.02
CHICKV MAb (100%) (100%)

NS, Hs, Hx – for explanation see Table 1.
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1989; Kulkarni and Goverdhan, 1985). Group II of JEV
strains lost some of the virus specific epitopes and at the
same time they lost their ability to be neutralized with
corresponding MAbs. On the other hand, group I of JEV
strains maintained their neutralization ability by the
corresponding MAbs (Gupta et al., 2006a, 2003, 2000;
Ghosh et al., 1989). The differences in the survival of control
mice administered with control SP2/0 or CHIKV MAb and
challenged either with group I JEV strain 733913 or with
group II JEV strains (641686, 691004) might be related to
a high peripheral virulence shown by some of the latter JEV
strains that displayed high neurovirulence after i.c.
inoculation into adult mice (Gupta et al., 2006b; Lad et al.,
2005). The HAI-positive flavivirus cross-reactive (Hx)
MAbs that produced in vitro ADVE of JEV infection of cells
did not show any effect in vivo (Cecilia and Ghosh, 1988).
These MAbs were protective to some extent in mice against
WNV and DENV infections. Initially, some protection by
these MAbs against JEV group II strains was noticed, but
all the mice eventually succumbed to the infection. However,
some of these strains were neutralized at a low level with
corresponding MAbs and therefore their in vivo effect using
a lower virus dose remains to be tested. Also differences in
the effect of the MAb NHx-3 on the JEV strains 641686 and
691004 in mice might be due to the alteration in the
corresponding epitope. Still, applying of purified MAbs in
defined proportions for evaluation of enhanced effects
remains to be seen employing MAbs alone or in
combinations with MAbs of the same group or other group.

Interestingly, HAI-positive JEV specific MAb Hs-3
administered 2 days after the virus challenge protected the
mice against WNV or DENV-2 infection. The protection
was more effective against WNV. The MAb Hs-3 grouped
as JEV HAI-positive MAb corresponded to the epitope that
partially overlapped the epitopes represented by two MAbs
NHs-1 and NHx-2 that belonged to other domains (Cecilia
et al., 1988). Therefore, the recognition of corresponding
epitope by MAb Hs-3 on WNV and DENV might be due to
the overlapping with other epitopes particularly those
belonging to the flavivirus cross-reactive domain. It was
shown that MAbs induced conformation-dependent changes
in the viral epitopes (Gupta et al., 1999, 1992; Cepica et al.,
1990). Therefore, the role of such changes in protection by
the MAb Hs-3 against WNV and DENV infections in mice
cannot be ruled out. Studies by Gould et al. (1986) employing
neutralizing and non-neutralizing MAbs against Yellow fever
virus (YFV) suggested that the ability of an antibody to
protect the mice passively against the i.c. virus challenge
depended on the virus neurovirulence. Also protection
afforded by a non-neutralizing MAb against YFV was the
indication of other factors involvement rather than
neutralization alone that might be responsible for such an
effect in mice (Gould et al., 1986).

Natural immunization is considered as an important factor
limiting spread of the disease in an epidemic region. Japanese
encephalitis incidence has shown to decrease with the increased
presence of JEV antibodies in the immune population/group
(Mohan Rao et al., 1983; Chakravorty et al., 1975). Studies
carried out earlier on two way cross-protection in bonnet
macaques (Macaca radiata) employing intranasal route of virus
challenge revealed that immunization with JEV protected the
animals against WNV infection, whereas WNV immunization
reduced the disease severity produced by JEV inoculation
(Goverdhan et al., 1992). Studies employing MAbs against gE
of DENV or WNV against experimental JEV infections in mice
might help in better understanding of the cross-protection
phenomenon that might be occurring in some of the localities
endemic for the three closely related flaviviruses.
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