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Summary. – Potency testing of Japanese encephalitis (JE) vaccine has been a complex process since its 
inception. To overcome difficulties encountered therein, an alternative assay, serum neutralization test (SNT), 
using Baby Hamster Kidney 21 cell line, has been standardized. The antibody response generated against JE 
vaccine was quantified and the assay was found to be sensitive and specific enough with significant accuracy 
and precision. On analysis of cell count, a cell concentration of 1.5 x 104 was selected as the optimum, since 
concentrations above and below this resulted in problems of confluent monolayer formation and incomplete 
monolayer formation. Incubation time has also been standardized for measuring cytopathic effect (CPE). Out 
of the four different time points selected, 90 min was found to be adequate for 50% reduction in the amount 
of CPE. The accuracy of SNT assay is explained in terms of fiducial limits at 95% level. Inter- and intra-assay 
reproducibility testing was also performed. A comparison of potency of JE vaccine by plaque reduction neu-
tralization test (PRNT) and SNT method was conducted and it was found that SNT can be a reliable approach 
for estimating the potency of JE vaccine. The results of this study throw a light on the utility of SNT assay for 
the potency estimation of JE vaccine in routine practice.
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Introduction

Japanese encephalitis (JE) is a serious public health prob-
lem with significant mortality in children and old people in 
many countries of Asia. Worldwide, nearly 3 billion people 
are believed to be at risk of JE and approximately 20,000 
clinical cases resulting in 6,000 deaths are reported annually 
(WHO Position paper weekly record, 2006, 2007). JE virus 
is the most important cause of viral encephalitis in eastern 
and southern Asia, with 30,000–50,000 cases reported an-

nually (Solomon and Vaughn, 2002), although this may be 
a considerable underestimate because of inadequate surveil-
lance and reporting. Of these cases, about 25–30% are fatal 
and 50% result in permanent neuropsychiatric sequelae 
(Burke and Leake, 1988), complete recovery occurs in only 
one third of patients (WHO recommendation, 2007). Most 
infections are asymptomatic, with estimates of the ratio of 
symptomatic to asymptomatic infection ranging from 1 in 
25 to 1 in 1,000, the variation depending on many factors, 
including endemicity, exposure to mosquitoes, pre-existing 
antibodies to Flaviviruses and virus strain differences (Solo-
mon and Vaughn, 2002; Mackenzie and Gubler, 2004; Solo-
mon and Winter, 2007). The control of JE is based largely 
on three interventions: mosquito control, avoiding human 
exposure and immunization. Mosquito control has been less 
than effective and suffers from the lack of research into new 
pesticides. Eliminating human exposure to infected mosqui-
toes, when it is feasible, is only a short-term solution. Thus, 
immunization is the only effective method for long-term 
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protection (Mackenzie and Gubler, 2004). There are 3 types 
of inactivated vaccines currently used in the world: i) mouse 
brain-derived, purified vaccine, which is based on either 
the Nakayama-NIH or Beijing-1 [P-1] strains; ii) primary 
hamster kidney (PHK) cell-derived, purified vaccine, based 
on the Beijing-3 [P-3] strain; and iii) Vero-cell derived puri-
fied vaccine based on the Beijing-3 [P-3] strain. Newer Vero 
cell-derived inactivated JE vaccines under development use 
either Beijing-1 or SA14-14-2 strains as virus seeds (WHO 
revision recommendation 2007).

In India, formalized mouse brain JE vaccine has been 
in use since 1987. India has produced an effective and safe 
freeze-dried (FD) JE vaccine from mouse brain source using 
Nakayama NIH JE virus strain, which has been found to be 
highly potent, safe and stable. Efficacy and safety of this vac-
cine has been well established (Rao Bhau et al., 1988). The 
presence of neutralizing antibodies provides the best evidence 
available that protective immunity has likely been established. 
There are several methodologies for determining functional 
antibody responses to the virus, which include hemagglutina-
tion-inhibition (HI), ELISA or immunofluorescent antibody 
(IFA) tests (WHO revision recommendation, 2007). PRNT is 
the most commonly used method for detection of neutralizing 
antibody. It is the most reliable, sensitive and specific assay but 
quite lengthy, laborious and technically demanding procedure. 
The substrate used here is a primary culture of chick embryo 
fibroblast (CEFB) cells. A large number of embryonated eggs 
as well as trained staff are required to carry out the assay. Be-
cause of the complicated nature of preparing CEFB cell culture, 
the present study deals with standardizing the SNT using an 
established cell line (such as BHK-21), which could reduce 
labor and be simple to perform. The WHO recommends the 
use of BHK-21 cells in the quality testing of JE vaccines such 
as in the virus-inactivation test and also for potency estima-
tion (WHO technical report, 1988). Thus, an attempt has been 
made to propagate JEV in BHK-21 (clone-13) cell line and to 
develop a novel assay for potency testing of the JE vaccine.

Materials and Methods

JE virus strain. JE virus strain used for the study was the Na-
kayama N.I.H. (passage level Ad29Sm10) supplied by Dr. Akira, 
Oya, Deputy Director General, National Institute of Health, Tokyo, 
Japan. The stock virus (1:10) was obtained from JE (QC) Division, 
CRI Kasauli, HP (Under Ministry of Health & Family Welfare, 
Govt. of India) at passage level Ad29Sm10Sm3 and was prepared as 
described in Minimum Requirement for JE Vaccine, Government 
of Japan (1986), Indian Pharmacopoeia (1996) and WHO revision 
recommendation (2007). 

Test samples. The sera samples from mice immunized with three 
different batches of freeze-dried (FD) JE vaccine (Code A, B & C) used 
in the study were obtained from JE (QC) Division (stored at -20oC). 

One of these batches (i.e. A) was already established as an in-house 
reference standard for the potency estimation of the FD JE vaccine.

Cell line. BHK-21(Cl-13) cell line was obtained from Central 
Drugs Laboratory/National Control Laboratory, CRI, Kasauli, 
at passage level 87 and was certified to be free from Mycoplasma 
and other adventitious agents. The cells were revived as per the 
standard procedure.

Cell concentration. BHK-21 cell monolayer grown in plastic tissue 
culture flask (75 cm2, Greiner Bio-One) was detached by Trypsin- 
EDTA (1x, SIGMA) and the cells were suspended in cell growth me-
dium i.e. Eagle's Minimum Essential Medium (SIGMA) supplemented 
with 5% FBS (GIBCO). The cell count was done using hemocytometer. 
Different cell numbers (1 x 104 to 2.5 x 104) were added to the wells of 
sterile 96-well TC plates (Greiner Bio-One) and incubated at 36 ± 1oC, 
5% CO2. Observations were made after overnight incubation. The 
cell count, which gave a nearly complete monolayer formation after 
overnight incubation, was selected for the study. 

Virus titration and calculation of working dilution of virus for SnT 
assay. The cell culture infectious dose 50% (CCID50) titer of the JE 
virus was calculated as per the method of Reed & Muench (Len-
nette, 1964) and Payment & Trudel (Payment and Trudel, 1993). 
Briefly, the JE stock virus (1:10) was diluted ten-fold serially (10-2 
to 10-7) followed by half-log dilutions (10-7.5 to 10-11.5) in chilled me-
dium (EMEM (1x, Sigma) with 5% FBS (GIBCO)). 100 µl of virus 
dilution from 10-7.0 to 10-11.5 was added to each of the column wells 
from 1–10 of a sterile 96-well TC plate. The 11th and 12th columns 
were kept as cell controls. 100 µl of pre-standardized BHK-21 cell 
suspension (containing app. 15,000 cells) was added to each well 
followed by incubation at 36 ± 1oC, 5% CO2 for 4–5 days. The 
CCID50 titer was calculated by observing the pattern of CPE in the 
wells. For confirmation, the assay was repeated twice. The working 
dilution of JE virus for SNT assay was kept at 100 CCID50.

optimization of neutralization time and incubation period for 
SnT. Serial two-fold dilutions of the test serum sample, prepared 
in chilled EMEM (1x, Sigma) with 5% FBS (GIBCO) in four 96-
well TC plates (Greiner Bio-One), were reacted against a dose of 
100 CCID50 of the virus for variable time periods, viz. 30, 60, 90 
and 120 min. After completion of the desired time period, 100 µl 
of BHK-21 cells containing app. 1.5 x 104 cells were dispensed into 
each plate followed by incubation at 36 ± 1oC, 5% CO2 .The optimum 
neutralization time period of JE virus was determined by observing 
the extent of CPE in different plates. The time period sufficient for 
50% neutralization of virus was selected for SNT assay. The incu-
bation time period, i.e. time taken for appearance of final results, 
was decided by incubating the TC plates (containing virus-serum 
mixture and BHK-21 cells at 36 ± 1oC, 5% CO2) and observing for 
appearance of CPE in virus control wells on 3rd, 4th, 5th and 6th day 
and comparing them with healthy cell controls.

Serum neutralization assay for estimation of 50% neutralization 
end point. Heat inactivated sera samples were diluted two-fold seri-
ally (10-1.3 to 10-3.7) in EMEM (1x, Sigma) with 5% FBS (GIBCO) 
in a 96-well TC plate (Greiner Bio-One). To each well (from 1st to 
9th column), containing 50 µl of diluted serum sample, 50 µl of JE 
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virus (100 CCID50) prepared as mentioned earlier was added. The 
plate contents were mixed by shaking the plate gently and kept at 
36 ± 1oC, 5% CO2 for 90 min (optimum) for virus neutralization, 
followed by addition of 100 µl of BHK-21 cell suspension contain-
ing approximately 1.5 x 104 cells.

Virus control. The 10th column-wells of the plate were kept as 
virus control containing 50 µl of EMEM (1x) with 5% FBS, 50 µl of 
JE virus (100 CCID50) suspension and 100 µl of BHK-21 cells.

Cell control. The 11thand 12th column-wells were kept as normal 
cell controls containing 100 µl of EMEM (1x) with 5% FBS and 100 µl 
of BHK-21 cell suspension. The plate was incubated at 36 + 1oC, 5% 
CO2 and after 4 days (optimized incubation time) of incubation, final 
results were recorded. 50% neutralization end point of sera samples 
were calculated by using Reed and Muench formula (1964).

The above-mentioned sera samples were also evaluated in paral-
lel for neutralization antibody response by the conventional PRNT 
assay, which is a routine procedure in JE (QC) division. The results 
obtained by the two methods were evaluated statistically.

Assay validation study. To validate the SNT accuracy, precision 
and degree of correlation were studied as per the guidelines of ICH 
(ICH Topic Q 2 (R1)), WHO recommendation (1992, 1997) and 
Eurachem (1998). Accuracy is the closeness of the results obtained 
by multiple determinations of same sample. For this the SNT was 
performed on three different occasions on a single batch of JE 
vaccine (in-house reference standard; code-A). Precision is the 
closeness of agreement between the values obtained in an assay. It 
is expressed as the coefficient of variation (% CV). Both inter-assay 
and intra-assay precisions were evaluated as per the requirements 
of WHO recommendation (1992, 1997) and Eurachem (1998) 
guidelines. Intra-assay precision (repeatability) is the % CV of 
multiple determinations of a single sample in a single test run. It 
expresses the precision under the same operating conditions over 
a short interval of time; inter-assay precision (also called intermedi-
ate precision) measures the % CV for multiple determinations of 
a single sample, in several assay runs in the same laboratory (WHO 
recommendation, 1997).

Results

Cell concentration

The first parameter of the study was to standardize the cell 
count of BHK-21 cells to be used per well of the 96-well TC 

plate. The cell count that would result in a complete monol-
ayer formation after an overnight incubation and maintain 
viability throughout the test duration was decided to be the 
acceptance criterion. In this study it was observed that the 
cell counts below 1.5 x 104 per well could not form a complete 
monolayer after overnight incubation while, on the other 
hand, cell count equal to or above 2.0 x 104 per well resulted 
in confluent monolayer formation that was not suitable for 
the assay. Hence 1.5 x 104 cells per well was selected to be 
the optimum count for the assay.

neutralization time period

Of the four time periods (30, 60, 90 and 120 min) selected 
for the interaction between the JE virus and the specific 
antibodies for the purpose of complete neutralization of the 
former, the 90 min was found to be adequate. On comparing 
the extent of neutralization in the four plates, the first plate, 
after 30 min of interaction, showed JE virus specific CPE 
(rounding and detachment of cells) in almost all the wells. 
The extent of CPE was comparatively lower in the 2nd plate 
(60 min neutralization time). The effect of increment in the 
time period above 60 min and up to 90 min resulted in almost 
50% reduction in the amount of CPE positivity. No significant 
difference was observed in the extent of virus neutralization 
by increasing the neutralization time beyond 90 min.

optimization of incubation period for SnT 

The optimum incubation time for the serum neutrali-
zation test was found to be four days, as the cell control 
remained healthy till this time and also the virus control 
wells showed almost 100% CPE at the selected virus con-
centration on 4th day.

Accuracy

The accuracy of SNT is explained in terms of fiducial 
limits at 95% level. The assay was performed on three dif-
ferent occasions on a single batch of JE vaccine (in-house 
reference standard; code-A). The mean neutralizing antibody 
titer log10 of N = 6 samples per assay was calculated. Each 
potency value was in between the upper and lower fiducial 
limits (Table 1). 

Table 1. Validation of SNT accuracy 

Assay Mean Nt-Ab titer log10 Standard deviation Upper fiducial limita Lower fiducial limitb

I
II
III

2.662
2.656
2.652

0.0307
0.0283
0.0311

2.687
2.679
2.677

2.638
2.634
2.627

aUpper fiducial limit = Mean + 1.96 (Standard error). bLower fiducial limit = Mean – 1.96 (Standard error). Nt-Ab titer = neutralizing antibody titer.



 SINGH, S. et al.: POTENCY ESTIMATION OF JAPANESE ENCEPHALITIS VACCINE 237

Table 2. Validation of intra-assay precision of SNT 

JE vaccine
batch No. Vial No. Log 10Nt-Ab titer Mean SD CV (%) LV* (%)

A 1
2
3
4
5

2.688
2.650
2.613
2.688
2.650

2.658 0.0314 1.18 1.69

B 1
2
3
4
5

2.650
2.613
2.650
2.763
2.688

2.673 0.057 2.13 2.24

C 1
2
3
4
5

2.688
2.763
2.650
2.762
2.725

2.718 0.0488 1.80 2.49

JE = Japanese encephalitis vaccine; Nt-Ab titer = neutralizing antibody titer; SD = standard deviation; CV = coefficient of variation. *Limit of variation (LV) 
is defined as ± % highest individual deviation from the Mean value and was calculated as: LV(%) = [(mean of titer – lowest titer) / mean of titer] x 100 .

Table 3. Validation of inter-assay precision of SNT 

JE vaccine 
batch No. Vial No.

Neutralizing antibody titer
Mean SD CV (%) LV* (%)

Day 1 Day 2 Day 3 Day 4

A I 2.613 2.650 2.688 2.650 2.650 0.0306 1.16 1.41
II 2.650 2.688 2.688 2.725 2.688 0.0306 1.14 1.40

B I 2.613 2.650 2.688 2.650 2.679 0.0641 2.39 2.45
II 2.763 2.613 2.650 2.688 2.660 0.0359 1.35 1.76

C I 2.650 2.688 2.613 2.725 2.669 0.0483 1.81 2.10
II 2.65 2.763 2.763 2.688 2.716 0.0564 2.08 2.43

SD = standard deviation. CV = coefficient of variation. The average CV for the batches tested = 1.65%; the average LV for the batches tested = 1.92%. *Limit 
of variation (LV) is defined as ± % highest individual deviation from the Mean value and was calculated as: LV(%) = [(mean of inverse of titer – lowest 
titer) / mean of inverse of titer] x 100.

Intra-assay precision (Reproducibility)

Intra-assay precision was established by calculating coef-
ficient of variation (CV) and limit of variation (LV). The CV 
of the three batches (A, B, and C) of JE vaccine (5 vials each) 
was found to be 1.18%, 2.13% and 1.80 %, while the LV was 
1.69%, 2.24% and 2.49%, respectively, indicating nearly 2.5% 
variation in the results (Table 2).

Inter-assay precision (Repeatability)

For SNT inter-assay precision, the given three batches of 
JE vaccine were titrated on four different time periods, i.e. 
day 1, 2, 3 and 4. Less than 2.5% variation in the potency 
titers was observed on all four days. The average CV and LV 

were calculated to be 1.65% and 1.92%, respectively, for the 
inter-assay precision (Table 3).

Comparison of JE vaccine potency by PRnT and SnT 
methods

To establish the degree of correlation between the con-
ventional PRNT assay and SNT assay, potency of the JE 
vaccine in-house reference standard (A) was evaluated by 
both the methods and the results were analyzed statisti-
cally using Graphpad prism online software (Table 4). The 
comparison of the results obtained from the two assays 
shows that intra-assay variation for PRNT assay is lower 
that for SNT, still the difference is not statistically signifi-
cant. Further, a fairly high degree of correlation (r = 0.869) 
has been observed between the two assays, indicating that 
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SNT can be a reliable approach for estimating the potency 
of JE vaccine (Fig. 1).

Discussion

The quality testing (mainly the potency testing) of JE vac-
cine is a complex procedure. To the best of our knowledge, 
much work has not been done till date to address this prob-
lem and determination of efficacy of the vaccine still relies 
only on PRNT using CEFB, which is a primary cell culture 
system and is not free from its own inherent problems. Devel-
opment of alternatives approaches for the potency estimation 
of JE vaccine is need of hour to replace the conventional 

test, which is a complex, lengthy and laborious procedure. 
The main objective remains to develop an assay that is less 
complicated, economical and less laborious.

In the present study, an attempt was made to standardize 
SNT to measure the potency of JE vaccine using BHK-21 cell 
line (a continuous type cell culture system). Further, the assay 
was validated on the basis of different variables such as accuracy, 
precision, degree of correlation etc. as recommended (ICH Topic 
Q2 (R1); WHO recommendation, 1992, 1997; Eurachem Guide, 
1998). Different methods such as hemagglutination-inhibition, 
ELISA or immunofluorescent antibody tests have been previ-
ously reported to deliver satisfactory results for the detection 
of antibodies in the serum (WHO recommendation, 2007). 
However, none of these methods have been adopted in routine 
practice. In the present study, SNT was used for the quantita-
tion of antibody response generated against JE vaccine. On the 
basis of the results obtained in this study, SNT was found to have 
a significant accuracy and precision, indicating that SNT can be 
easily adopted for the potency estimation of JE vaccine. Results 
of SNT were also compared with PRNT assay. A high degree of 
correlation was observed between both methods, suggesting 
SNT as a competent alternative. Moreover, the reduced cost, 
labor and less complexity of SNT would definitely attract other 
laboratories to adopt this procedure in their routine practice.

Conclusion

In the light of results obtained from this study it can be 
concluded that SNT using BHK-21 cells can be viewed as a re-
liable method and, possibly, it can stand well as an alternative 
approach for the potency estimation of the JE vaccine. However, 
a more controlled study will throw more light on this aspect and 
will pave the path towards adoption of this method.
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