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Introduction

Rabies is considered as a major neglected zoonotic disease 
worldwide. Over 55 000 people die of rabies every year.1 This dis-
ease still continues to be a major public health problem in most of 
the developing countries of Asia, Africa, and South America. In 
India, 20 000 human deaths are reported every year and nearly 5 
million people take post exposure prophylaxis.2 A variety of mod-
ern cell culture vaccines are available and cost effective intrader-
mal vaccination is now implemented in most states within India. 
Protection from rabies is due to induction of adequate levels of 
rabies virus neutralizing antibodies.3 Detection and quantification 
of rabies antibodies is intended in the first place for checking the 
immune status in humans following pre- or post-exposure vacci-
nation. It will also assist in the ante-mortem diagnosis of human 
rabies, particularly the paralytic form. The methods currently 
recommended by WHO for estimation of RVNA are the Rapid 
Fluorescent Focus Inhibition Test (RFFIT)4 and Fluorescent 
Antibody Virus Neutralization test (FAVN).5 These methods, 

though rapid, require an expensive fluorescence microscope and 
fluorescently labeled rabies conjugate and hence are done mostly 
in reference laboratories. There is a need to develop an economical 
test which can be used in routine microbiology laboratories so that 
sero-conversion can be monitored in peripheral laboratories.

Recently, the Centers for Disease Control and Prevention 
(CDC), Atlanta, USA has developed an immunohistochem-
istry-based rapid diagnostic test for the detection of rabies 
virus antigen in brain smears.6 The test, called Direct Rapid 
Immunohistochemistry Test (DRIT) is reported to be as sensi-
tive and specific as the conventional Fluorescent Antibody Test 
(FAT).7-9 The test procedure is simple and involves binding of 
rabies nucleoprotein antigen by a cocktail of biotinylated anti-
nucleoprotein (N) monoclonal antibodies. Subsequent steps 
involve addition of streptavidin peroxidase and color develop-
ment with the chromogenic agent 3-amino-9-ethylcarbazole 
(AEC). The rabies N antigen if present appears as reddish brown 
particles of varying size and shape against a blue background pro-
duced by hematoxylin. In the present work, we have adapted the 
DRIT principle for detection of rabies N protein in cell culture 
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Rabies claims about 55 000 human lives and many hundreds of thousands of livestock every year, worldwide. Despite 
a heavy disease burden, laboratory facilities to diagnose the infection remain scarce in most countries of the developing 
world where the disease is endemic. Rapid Fluorescent Focus Inhibition Test (RFFIT) and Fluorescent Antibody Virus Neu-
tralization Test (FAVN) are the common tests done in the rabies diagnostic laboratories to detect and quantitate Rabies 
Virus Neutralizing Antibodies (RVNA). RFFIT is most often employed in confirming seroconversion following prophylactic 
vaccination, and to aid ante-mortem diagnosis in suspected cases of rabies. Though this remains one of the most sought-
after diagnostic services in rabies laboratories, the requirements for expensive anti-rabies fluorochrome antibody conju-
gate and a fluorescent microscope restrict its performance to only a few reference laboratories. Cost-effective laboratory 
diagnostic methods employing affordable technology are a need of the hour in the rabies-endemic countries. In this 
study we have developed a new immunohistochemistry-based neutralization test and extensively evaluated it along 
with RFFIT. One hundred and 20 human serum samples collected after post-exposure vaccination were subjected to both 
the tests for determining RVNA titers. The results obtained with the new test correlated significantly with those of RFFIT. 
Further validation of the inter- and intra- assay precision, lower limit of quantification (LLOQ) and specificity was also per-
formed. The best correlation between the 2 methods, however, was observed only when the RVNA concentrations in the 
samples were >20 IU/mL. Overall, the immunohistrochemistry-based neutralization test yielded satisfactory results. We 
suggest that it might serve as a cost-effective alternative to RFFIT in low-resource settings in the developing countries.
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and used it to quantify rabies virus neutralizing antibodies. It 
was evaluated extensively in comparison with RFFIT. Herein we 
report our findings and suggest that this new test may serve as an 
alternative to RFFIT and FAVN particularly in the developing 
countries.

Results

An immunohistochemical staining process was successfully 
substituted for the f luorescent staining procedure for detection 
of RVNA, and yielded comparable results to the latter. In the 
RFFIT method upon completion of the staining procedure, 

the uninfected cells did not exhibit green fluorescent foci sug-
gestive of rabies nucleoprotein antigen, and the serum dilu-
tion exhibiting 50% reduction of f luorescent foci was taken 
as the endpoint. In comparison, no reddish-brown staining 
(indicating viral nucleoprotein) was observed in uninfected 
cells stained by the immunohistochemistry-based neutral-
ization test, and the end points were arrived at by examining 
the dilutions for a similar reduction in staining intensity to 
50% (Figs.  1 and 2). The RVNA concentrations estimated 
were expressed in International Units per milliliter (IU/mL) 
in comparison to that produced by the Reference Serum. All 
the confirmed negative samples (n = 30) were found to be 
negative by both RFFIT and the immunohistochemistry-based  
neutralization test.

Figure 2. Showing 50% end point dilution in the immunohistochemis-
try based test. Note the presence of dark brown inclusions representing 
rabies nucleoprotein in approximately 50% of BHK 21 cells (×400).

Figure 1. Showing the 50% end point dilution in the Rapid Fluorescent 
Focus Inhibition Test. Note approximately 50% BHK 21 cells in the micro-
scopic field are infected as evidenced by presence of fluorescent foci 
representing rabies nucleoprotein (×400).

Table 1. Results for repeatability/intra-assay precision

Sample
#

Sample
ID

Test results (IU/mL) Median 
titer  

(IU/mL)

Percent of the results within 
± 2- fold of the median

(%)Titer 1 Titer 2 Titer 3 Titer 4 Titer 5

1 102/11 12.1 10.2 11.2 9.3 10.2 10.2 100

2 112/11 12..0 12.2 14.2 12.8 10.2 11.5 100

3 114/11 6.0 5.0 5.0 7.0 8.0 6.0 100

4 120/11 20.0 19.0 24.0 23.0 19.0 20.0 100

5 132/11 30.0 37.0 40.0 28.0 37.0 37.0 100

6 140/11 50.0 44.0 50.0 44.0 37.0 44.0 100

7 142/11 5.8 5.8 7.4 8.4 8.4 7.4 100

8 150/11 15.0 15.0 10.0 17.0 17.0 15.0 100

9 162/11 40.0 50.0 58.0 54.0 58.0 54.0 100

10 167/11 4.5 4.0 6.5 4.0 4.0 4.0 100

11 170/11 19.0 20.0 23.0 17.0 20.0 20.0 100

12 HRIG 121.0 128.0 110.0 112.0 120.0 120.0 100
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Calculation of RVNA concentration
The RVNA concentration in the serum samples tested by both 

RFFIT and the immunohistochemistry-based neutralization test 
was calculated using the following formula:

	 Out of 120 sera tested by both methods, 110 yielded 
identical end point dilutions. The end point differed by one 
order of dilution in the remaining 10 samples. The 30 serum 
samples taken as negative controls were found to be negative 
by both RFFIT and immunohistochemistry-based neutraliza-
tion test (RVNA concentrations were less than the LLOQ). The 
Geometric Mean Concentrations (GMC) with 95% confidence 
interval obtained by these 2 tests is given in Table 1 The GMC of 
RFFIT was 27.87 (CI: 26.71 to 29.08) and that of the immuno-
histochemistry-based neutralization test was 28.18 (CI: 27.17 to 
29.23). The limits of agreement (Fig. 3A) between the difference 
between the 2 tests were 7.260 to 6.919 with a mean difference 
of –0.171 (CI –0.812 to 0.470). There was a significant correla-
tion between correlation of RFFIT and the immunohistochemis-
try-based neutralization test (r = 0.669; P < 0.001), indicating a 
significant relation between RFFIT and the immunohistochem-
istry-based neutralization test. The scatter plot of RVNA concen-
tration obtained in the 2 tests is given in Figure 4. However, as 
can be seen from Figure 4, the best correlation between RFFIT 
and the immunohistochemistry-based test was observed only 
when the samples had RVNA concentrations more than 20 IU/
mL (Table 2).

Results of validation
The new method was validated by assessing 4 parameters, viz., 

inter- and intra-assay precision, specificity and Lower Limit of 
Quantitation (LLOQ), against those previously obtained in our 
laboratory for the RFFIT method. The new method performed 

very well in these parameters in comparison to RFFIT. Tables 3 
and 4 show the results of inter- and intra-assay precision and 
specificity tests. As can be seen from Tables 4 and 5, testing of 
a set of 12 samples by 2 independent individuals on 2 different 
days yielded results within an acceptable range. In the specificity 
test employing inactivated rabies virus as a homologous inhibitor 
and measles virus as the heterologous inhibitor, a marked fall in 
the RVNA concentration was observed with homologous, com-
pared with the heterologous inhibitor (Table 5). The LLOQ was 
calculated by using increasing dilutions of the Reference Serum 
(with an assigned unitage of 120 U/mL), and was found to be 
0.1 IU/mL which was same as that observed for RFFIT method 
upon earlier validation of the latter (Table 4).

Discussion

Rabies has the highest fatality rates among the known zoo-
notic infections. However, the disease is 100% preventable with 
the help of timely and systematic prophylaxis. RVNA targeted 
principally against the viral glycoprotein represent the prime cor-
relate of protective immunity against rabies and their induction 
using potent cell culture vaccines remain the mainstay in rabies 
prophylaxis. Immune-enhancing effects of anti-nucleoprotein 
antibodies have also been recognized, but their specific roles 
in protection are not clear. Verifying sero-conversion assumes 
importance in post-exposure settings, and is primarily attempted 
by virus neutralization tests. Though a number of commercial 
ELISA-based platforms are available for detecting rabies virus-
specific antibodies, neutralization tests remain the only meth-
ods recommended by the WHO at present. A simple and rapid 
immunohistochemical staining method suitable for field-level 
testing was developed by the CDC, Atlanta for detection of 

Figure 3. Bland Atman plot showing the agreement between the 2 tests. Please see section “results” for explanation.
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rabies virus antigen in infected brains. In the present study, we 
explored the possibility of application of this method in assay-
ing RVNA in serum specimens. Our results indicate that this 
technique can be adapted to detect presence of un-neutralized 
virus following a conventional serum virus neutralization test. 
The major advantage of the modified test is the requirement 
of only a light microscope for interpretation of the results, and 
detection of end point by presence of reddish-brown aggregates 
instead of fluorescent foci of cells. A 100% correlation could not 
be observed between the results of the conventional RFFIT stain-
ing and the immunohistochemistry-based neutralization test, as 
the RVNA concentrations of a few samples differed by one order 
of dilution between the 2. This could be explained by relative 
subjectivity of the 2 independent readers who interpreted the 
results. Another observation was that the results obtained from 
both the methods had the best correlation when the samples had 
RVNA concentrations >20 IU/mL. Sparing this, a good correla-
tion was found between the RVNA concentrations obtained for 

the antibody-positive as well as antibody-negative samples when 
tested by both methods.

A few modifications of the conventional DRIT staining 
procedure were made in order to adapt it to a microneutraliza-
tion format for detection of RVNA. Notably, cell fixing prior 
to staining was done using chilled acetone instead of 10% buff-
ered formalin recommended in DRIT staining, as the former 
was found to yield a better background upon counterstaining 
with Gill’s hematoxylin. In addition, the incubation periods 
with 3% H2O2, biotinylated N-monoclonal antibody cock-
tail and the streptavidin-peroxidase conjugate were increased to 
30 min each, as the usual incubation time of 10 min with these 
reagents as employed in conventional DRIT procedure yielded 
poor staining. The duration of incubation with the chromogenic 
reagent, viz., 3-amino-9-ethylcarbazole (AEC) was retained at 
10 min. Further, a 1:5 dilution of Gill’s hematoxylin was found 
to improve the contrast.

Infected cells stained by the modified procedure were 
clearly discernible by the presence of reddish-brown inclusions 

Figure 4. Scatter plot graph of results obtained between the 2 tests. Note the good correlation among samples with high titers (>20 IU/mL). There was 
no correlation with samples having titer less than 20 IU/mL.

Table 2. Comparison of antibody titers observed by RFFIT and immunohistochemistry test

Test
The mean of 50% endpoint dilutions 

of test sera (n = 120)
The mean of 50% end point 
dilutions of reference serum

Titer in IU/mL

RFFIT 1: 3048 1: 4094 22.32

IHC 1: 3056 1: 4098 22.38
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representing N protein aggregates, as against fluorescent foci 
observed in conventional RFFIT procedure (Figs.  1 and 2). 
In addition, counterstaining with hematoxylin afforded a clear 
and easier interpretation of the results in the cells stained by the 
immunohistochemistry-based staining procedure. Non-specific 
staining, which sometimes is observed with the RFFIT proce-
dure, was not observed in the cells stained by the immunohisto-
chemistry-based neutralization test, in our study. The 50% end 
points calculated for the samples were nearly identical in both the 
methods employed, and the RVNA concentrations expressed in 
IU/mL were also similar. None of the antibody-negative samples 
showed the presence of neutralizing antibodies, in either method.

Two previous studies have reported the utility of an indirect 
immunoperoxidase test using polyclonal anti-rabies antisera for 
the detection of RVNA in serum samples.10,11 In the present 
study, the sensitivity and specificity of the test were enhanced 
further with the use of a biotinylated anti-N monoclonal anti-
body cocktail, which was previously shown to be 100% specific 

and sensitive when employed in detection of rabies virus N anti-
gen in brain smears in our laboratory.

As the modified staining technique was developed and used 
for the first time in detecting RVNA, we included several param-
eters for evaluating it, as previously applied for RFFIT in our 
laboratory. As can be seen from Tables 1, 3, and 4, the LLOQ, 
inter- and intra-assay precision, and specificity of the modified 
staining procedure were comparable to those of RFFIT. Findings 
from our study suggest that a modified immunohistochemical 
staining procedure employing a cocktail of biotinylated anti-N 
monoclonal antibodies can substitute the fluorescent staining 
procedure for detection of RVNA in serum samples, with the 
added advantage of interpretation using a light microscope. One 
of the major constraints for use of RFFIT is the cost involved in 
procurement of a fluorescence microscope and the rabies FITC 
conjugate. In our laboratory the approximate cost of RFFIT per 
one serum sample is US$50 as against US$20 estimated for the 
immunohistochemistry-based neutralization test. Thus the latter 

Table 3. Results for intermediate/inter-assay precision

Sample# Sample ID
Test results (IU/mL) Median titer (IU/

mL)
Percent of the results within ± 2-fold 

of the median (%)Titer 1 Titer 2 Titer 3

1 13/12 10.2 8.4 11.2 10.2 100

2 17/12 45.0 52.0 44.0 45.0 100

3 23/12 140.0 132.0 132.0 132.0 100

4 34/12 7.0 10.0 6.0 7.0 100

5 43/12 25.0 21.0 17.0 21.0 100

6 52/12 25.0 20.0 19.0 20.0 100

7 54/12 45.0 45.0 30.0 45.0 100

8 62/12 8.0 10.2 8.3 8.3 100

9 66/12 19.0 19.0 16.0 19.0 100

10 72/12 50.0 63.0 50.0 50.0 100

11 80/12 5.8 4.5 3.4 4.5 100

12 HRIG 120.0 124.0 98.0 120.0 100

Table 4. Results for the lower limit of quantitation

Sample 
iD

Dilution
factor*

Observed Titers (IU/mL) Observed 
median titer 

(IU/mL)

Percent of the results 
within ± 2-fold of the

median (%)
Titer

1
Titer

2
Titer

3
Titer

4
Titer

5
Titer

6
Titer

7
Titer

8
Titer

9
Titer
10

Titer
11

HRIG 1000 0.12 0.09 0.1 0.2 0.3 0.2 0.12 0.2 0.12 0.2 0.2 0.2 100

500 0.22 0.3 0.4 0.3 0.3 0.22 0.24 0.3 0.3 0.2 0.2 0.3 73

100 1.2 1.4 1.0 1.4 1.4 0.9 1.2 1.3 1.2 1.2 0.8 1.2 100

50 2.4 2.0 2.8 2.0 1.8 2.4 1.9 2.4 2.2 2.4 2.3 2.35 100

25 4.8 4.5 4.8 4.0 4.6 4.5 4.2 3.8 4.2 4.6 4.8 4.55 100

10 12.5 14.5 10.5 11.4 12.5 10.5 12.5 12.8 10.5 12.5 10.7
11.95

1111.211.2
100

5 0.4 0.6 0.4 0.4 0.4 0.4 0.3 0.4 0.3 0.5 0.4 0.4 100

N/A, Not Applicable. *Samples were pre-diluted in rabies antibody negative human serum to the desired dilution factor before testing
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affords a cost saving of more than 50% than incurred in the con-
ventional fluorescent staining procedure for assaying RVNA.

To conclude, the present study evaluated for the first time, 
the feasibility of adapting the DRIT procedure for detecting un-
neutralized virus in serum neutralization tests for detection and 
quantitation of RVNA. Preliminary results show that it is easier, 
more economical and well-suited for application in resource-
limited settings, for the purpose. The utility of the modified test 
needs to be evaluated further using larger sets of clinical speci-
mens and at more laboratories receiving serum samples for evalu-
ation of RVNA response.

Materials and Methods

Blood samples
Our laboratory routinely performs RFFIT on serum samples 

referred from different hospitals in the country. Included in the 
study were 120 serum samples obtained during the period January 
2011-December 2012, from individuals who received post-expo-
sure rabies prophylaxis. Thirty serum samples from individuals 
with no prior history of animal bites and rabies prophylaxis were 
included as negative controls. The sera were heat-inactivated at 
56 °C for one hr and subsequently tested by the RFFIT and the 
immunohistochemistry-based neutralization test, in parallel. 
Ethical clearance was not required for the study, as it was done 
on samples received for routine laboratory diagnosis.

Rapid Fluorescent Focus Inhibition Test
The RFFIT procedure as recommended by WHO was fol-

lowed, with a few modifications.11 Serial dilutions of the test sera 
(1:32 till 1:8096) were made in duplicate in Eagle’s Minimum 
Essential Medium (EMEM, Sigma-Aldrich) containing 2% 
Fetal Bovine Serum (European Grade Fetal Bovine Serum, 

Biological Industries) in a 96-well tissue culture plate (CellStar®, 
Greiner Bio-One). Serial dilutions of the Reference Serum 
were also made similarly. The Reference Serum used was an in-
house preparation calibrated against the Second International 
Reference Serum with a potency of 30 IU/mL (National Institute 
of Biological Standards). One hundred microlitres of Challenge 
Virus Standard-11 strain of rabies virus (adapted to BHK-21 
cells) containing 100 Fluorescent Focus Forming Dose (FFD

50
) 

was added to each serum dilution. The plates were incubated at 
37 °C in a CO

2
 incubator (NuAire) for one hour. Subsequently, 

100 µL of BHK-21 cell suspension (trypsinized from a conflu-
ent monolayer in a 25 cm2 tissue culture flask into 10 mL of 
growth medium) was added to each well and the plate returned 
to the 37 °C incubator, after including appropriate virus controls 
and negative controls. Following 24 hours, the cell monolayers in 
the wells were fixed using chilled acetone and stained using the 
Polyclonal DFA Reagent (Catalog No.5199, Light Diagnostics). 
The stained plate was observed under UV light in an inverted flu-
orescent microscope (Nikon Eclipse TS100, Nikon Instruments 
Inc.).

Immunohistochemistry-based neutralization test
The procedures for serum dilution, preparation of serum-

virus mixture and incubation were done exactly as for RFFIT. 
Following the 24-h incubation period, the growth medium in 
the wells was discarded by careful inversion into a disinfectant, 
and the cell monolayers were fixed using chilled acetone (35 µL/
well) for a period of 10 min. The acetone was then removed from 
the wells by inverting the plates, and the wells gently rinsed in 
Phosphate Buffered Saline (PBS) (pH 7.2) once. Endogenous 
peroxidase activity was quenched by incubating the wells with 
freshly prepared 3% hydrogen peroxide solution (50 µL/well), for 
10 min at room temperature. Following a PBS wash, the mono-
layers were incubated with a biotinylated anti-N monoclonal 

Table 5. Results of specificity of immunohistochemistry based neutralization test

Sample # Pretreatment conditions
Observed titer

(IU/mL)
Fold change in titer

(IU/mL)§*

142/11

Homologous Competitor 
(Inactivated Rabies 

Pitman Moore Strain)

1:2 Diluted
Media Control

8.9 N/A

1:2 Diluted
Competitor

<0.1 (–) 178.0

1:4 Diluted
Competitor

0.5 (–) 17.8

1:8 Diluted
Competitor

2.0 (–) 4.5

Heterologous Competitor 
(Inactivated Measles 

Virus)

1:2 Diluted
Media Control

10.0 N/A

1:2 Diluted
Competitor

10.3 (+) 1.3

1:4 Diluted
Competitor

11.4 (+) 1.4

1:8 Diluted
Competitor

8.9 (–) 1.1

HRIG was treated with either increasing concentrations of rabies vaccine or inactivated measles virus and RVNA titers tested. There is a marked decrease 
in titers after treating with homologous inhibitor compared with heterologous inhibitor.
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antibody cocktail (a generous gift from CDC) (50 µL/well) for 
30 min at 37 °C. The wells were washed in 3 changes of PBS, and 
then incubated with streptavidin-peroxidase conjugate (Merck 
Biosciences) (50 µL/well) for 30 min at 37 °C. After 3 washes in 
PBS, the wells were incubated with 50 µL/well of the chromogen 
solution (prepared using acetate buffer, pH 5.2; 9-amino-ethyl-
carbazole, and 3% H

2
O

2
 added just prior to addition to the wells; 

exactly as recommended by CDC for DRIT staining) for 10 min 
at room temperature in the dark. The wells were washed in 3 
changes of distilled water, and then incubated with the counter-
stain, Gill’s #2 hematoxylin solution (Sigma Aldrich) (diluted 1:5 
in distilled water) exactly for 2 min. The wells were washed thrice 
with distilled water, and observed under a light microscope.

Validation of the immunohistochemistry-based neutraliza-
tion test

The new test developed was validated for several parameters 
like the intra- and inter-assay precision, specificity and LLOQ. 
The test performed very well in these validation tests and results 
were comparable with those from RFFIT validation performed 
earlier in our laboratory. The results of evaluation of inter- and 
intra-assay precision are given in Tables 1, 3, and 4. It can be 
seen that the results obtained on 12 samples tested on different 
days and by 2 independent persons were within the acceptable 
range. In the specificity test wherein inactivated rabies virus was 
used as a homologous inhibitor and measles as a heterologous 

inhibitor, there was a marked fall in the RVNA concentration 
with the homologous inhibitor in comparison to the heterologous 
inhibitor. The LLOQ of RVNA concentration, which was evalu-
ated using decreasing dilutions of commercial HRIG having 
an assigned titer of 120 IU correlated with respective dilutions. 
The LLOQ of the immunohistochemistry-based neutralization 
test was found to be 0.1 IU/mL, identical to that obtained for 
RFFIT method when the latter was evaluated previously in our 
laboratory.

Statistical analysis
The data were expressed using geometric mean and 95% con-

fidence interval. The agreement between RVNA concentrations 
calculated with RFFIT and with the immunohistochemistry-
based neutralization test was established by Bland Altman plot 
along with limits of agreement. The Pearson correlation coeffi-
cient was calculated between RFFIT and immunohistochemis-
try-based neutralization test.
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