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Abstract

Rabies is an infectious viral disease that is invariably fatal following the onset of clinical symptoms. In
India, the incidence of rabies in animals is increasing. Although final laboratory diagnosis using OIE
approved techniques such as Direct Fluorescent Antibody (DFA) assay is always necessary, there are
several potential benefits to the use of an initial screening test that can be performed at the field level.
The recent development of immunochromatographic assays, also referred to as lateral flow assays
(LFAs), enables immediate testing with limited equipment, infrastructure and expertise. The present
study was aimed to comparatively evaluate Lateral Flow Assay (LFA) with DFA assay for surveillance
of rabies in animals by testing the brain samples resourced from different parts of India (Karnataka,
Assam, Manipur, Andhra Pradesh, Chhattisgarh and Haryana) to the KVAFSU-CVA Rabies Diagnostic
Laboratory, OIE Reference Laboratory for Rabies, Department of Veterinary Microbiology, Veterinary
College, KVAFSU, Bengaluru. The samples were subjected to both Lateral Flow Assay (LFA) and DFA
for the detection of rabies antigen and viral inclusions respectively. The study revealed that 458/561
dogs, 0/4 cats, 33/43 cattle, 1/2 goats, 3/4 horses and 1/1 pigs were positive by both the tests, in all
amounting to 496/615 (80.65%) to be positive for rabies which is alarming and an emerging threat in
India. The high occurrence of rabies in the state of Karnataka (71.87%) could be attributed to a greater
number of samples from Karnataka. Further, there was a 100 per cent concordance between both the
tests. So, the present study supports the application of this LFA as simple test that can be employed at the
field conditions as a preliminary rapid screening test and contribute to the epizootiology of rabies in
India.
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Introduction

Rabies is an infectious viral disease that is almost always fatal following the onset of clinical
symptoms. The disease causes about 59,000 human deaths annually worldwide, most of them
being in Asia and Africa, particularly in resource-constrained countries. Dog bites account for
almost the entire incidence of human rabies, whereas, rabies in animals could be attributed to a
sylvatic cycle between wild as well as feral canines and other carnivores. The first laboratory
confirmation of rabies in a wolf in India was reported by Isloor and his co-workers [,
Laboratory based confirmatory diagnosis of rabies constitutes the most important component
of rabies control programs. Since the recognition in the early 20™ century of Negri bodies as
being the pathognomonic histopathological lesion in brain or spinal-cord sections, an array of
immunoassays and molecular techniques have been developed for the laboratory diagnosis of
rabies [ %1,

Antigen can be detected by various immunoassays such as the Direct Fluorescent Antibody
assay (DFA), enzyme-linked immunosorbent assay (ELISA), direct rapid
immunohistochemical test (dRIT) and immunoblots (immunochromatography, dot-blot).
Among them, the DFA test has been recommended as the gold standard of rabies diagnosis by
the WHO ™ 51, However, the higher cost involved in fluorescent microscopy, the requirement
for specialized training, and its unsuitability for decomposed samples limits the wide usage of
DFA in resource-limited countries.
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Although final laboratory diagnosis using OIE approved
techniques is always necessary, there are several potential
benefits to the use of an initial screening test that can be
performed at the field level. The recent development of
immunochromatographic assays, also referred to as lateral
flow assays (LFASs), enables immediate testing with limited
equipment, infrastructure and expertise. The present study
aims to comparatively evaluate LFA with DFA assay for
surveillance of rabies in animals in India. The brain samples
in animals like dog, cat, cattle, goat, horse and pig were
resourced from different states of India. Also, this is one of
the large scale studies in India to investigate and evaluate the
utility of LFA in the immunodiagnosis of rabies in animals.

Materials and Methods

The brain samples (cerebellum and brain stem) were
resourced from six different states of India i.e. Karnataka,
Assam, Manipur, Andhra Pradesh, Chhattisgarh and Haryana,
to the KVAFSU-CVA Rabies Diagnostic Laboratory, OIE
Reference Laboratory for Rabies, Veterinary College,
Bengaluru, India. The samples shipped were from dog, cat,
cattle, goat, horse and pig origin. The brain samples resourced
during December 2019 to September 2021 were used in the
present study. Initially, the samples were tested by LFA as a
preliminary screening test (some of the samples were tested in
the field and most of the samples were tested in the
laboratory) and then DFA was employed as a confirmatory
immunodiagnostic test for rabies in animals.

Lateral Flow Assay (LFA)

The kit used for this study was Anigen, Rapid Rabies Ag Test
Kit by produced Bionote, Inc. (Hwaseong-si, Korea). The kit
comprises of an LFA device, a plastic pipette / dropper, a
sterile swab and a 1 mL vial with diluent (Fig. 1). The
procedure followed was according to instructions described in
the product manual of the Kit.

Fig 1: The contents of Lateral Flow Assay (LFA) kit

Direct Fluorescent Antibody (DFA)

Brain tissue samples were subjected to DFA for detection of
rabies viral inclusions. The technique is based on microscopic
examination of impressions of brain tissue (chilled acetone
fixed for 1 hour at -20 °C) after incubation with Rabies DFA
I11 anti-nucleocapsid 1gG-FITC conjugate (Light Diagnostics,
Merck Millipore, Temecula, CA, USA) in phosphate-buffered
saline (PBS) pH 7.2 + 0.2 containing 0.0125% Evans blue for
30-45 min at 37 °C in a humidified chamber. The stained
impressions were visualized under a fluorescent microscope.

Results and Discussion
Lateral Flow Assay: Test (T) line and control (C) line in the
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result window indicates the presence of rabies antigen.
Depending on the colour intensity of the Test (T) line, the
positive results were read as strong, moderate and weak
positive. If only control (C) line appears in the result window,
it was read as negative (Fig. 2).

-0(-21

Rabies Ag

Fig 2: The results of LFA (Dogs from Karnataka): (from left to
right) strong positive (SP), moderate positive (MP), weak positive
(WP) and negative (N)

Direct Fluorescent Antibody test: The presence or absence
of typical granular intra-cytoplasmic apple green fluorescence
of aggregated viral nucleocapsids against the red background
of brain tissue was used as the criterion in declaring positive
and negative samples respectively (Fig. 3 and 4).

b. Bull

a. Dog

c. Cow d. Goat

e. Horse f. Pig

Fig 3: The presence of a bright apple green fluorescent foci against
red colored brain tissue indicating the positivity by DFA (400X
magnification)
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a. Dog

b. Cat

Fig 4: The absence of bright apple green fluorescent foci against red colored brain tissue indicating the negativity by DFA (400X magnification)

A total of 615 samples including 561 dogs, 4 cats, 43 cattle, 2
goats, 4 horses and 1 pig were tested for rabies by both LFA
and DFA test (Table 1). Out of 615 samples tested, 496 were
tested positive for rabies by both LFA and DFA which is

accounting to 80.65 per cent is alarming and an emerging
threat in India. The number of samples received from dogs
and cattle origin was high.

Table 1: The results of LFA and DFA

Tests Both LFA and DFA
Species D CT CL G H P Total
States + - - + - + - + + + (%) - (%)
KA 431 97 3 9 - - - 1 1 1 442 (71.87) 101 (16.42)
AS 12 - 1 21 9 1 1 2 - - 36 (5.86) 11 (1.79)
MN 15 4 - 1 - - - - - - 16 (2.60) 4 (0.65)
AP - 2 - 1 - - - - - - 1 (0.16) 2 (0.33)
CG - - - 1 - - - - - - 1(0.16) -
HR - - - - 1 - - - - - - 1(0.16)
Total 458 103 4 33 10 1 1 3 1 1 496 (80.65) 119 (19.35)
% 74.47 16.75 | 065 | 537 | 1.63 | 0.16 | 0.16 | 0.49 | 0.16 | 0.16 80.65 19.35

(D - Dog, CT - Cat, CL — Cattle, G — Goat, H — Horse and P — Pig)

The data revealed that 431/528 (dog, fig. 3a - positive, 4a -
negative), 0/3 (cat, fig. 4b - negative), 9/9 (cattle — bull (3b -
positive) and cow (3c - positive)), 1/2 (horse, fig. 3e -
positive) and 1/1 (pig, fig. 3f - positive) from Karnataka
(KA); 12/12 (dog), 0/1 (cat), 21/30 (cattle), 1/2 (goat, Fig. 3d)
and 2/2 (horse) from Assam (AS); 15/19 (dog) and 1/1 (cattle)
from Manipur (MN); 0/2 (dog) and 1/1 (cattle) from Andhra
Pradesh (AP); 1/1 (cattle) from Chhattisgarh (CG) and 0/1
(cattle) from Haryana (HR) were positive by both the tests
(Table 1). As per the above data, the highest number of rabies
cases are prevalent in Karnataka, followed by Assam and
Manipur; least in Chhattisgarh and none in Haryana.

In the present study, the statistical analysis (Pearson's Chi-
squared test with Yates' continuity correction [€l) was
performed using R software. The two categorical variables,
the two test methods, DFA and LFA tested as pairs for the
detection of rabies were compared. Since the study consisted
of only two categories, degrees of freedom (df) became 1. The
analysis resulted in huge Chi (c) -squared value (608.6491)
and a very small p value (<2.2e-16) which is very
significantly less than 0.05 will disprove the null hypothesis
indicating the correlation between the two test results are not
because of chance factor and favours for alternative
hypothesis that the both analytical methods have a very strong
correlation.

The animals from which the brain samples collected and
tested had a clinical history of biting tendency, anorexia,
paralysis, recumbency, hypersalivation, aggressive behaviour,
shivering and behavioural changes in dogs; the history of dog
bite, hypersalivation in cows, head butting and attacking
tendency in bulls; hyperexcitement, aggressive behaviour in
horses and neurological signs in goats.

Historically, DFA on brain tissue was the only ‘gold standard’

test for the confirmation of rabies both in animals and
humans. The DFA has been extensively used to confirm the
cases of rabies in wide range of animal species and from
different states and Union Territory of India at Veterinary
College, Bengaluru 13, But, there are few limitations of
DFA include requirements of fresh brain tissue, expensive
fluorescent microscope and observer expertise to distinguish
specific fluorescence in addition to the need of a deep freezer
for chilled acetone based fixation of brain tissue and
incubator.

In view of these limitations of employing DFA, there is need
of a rapid, cost effective, user friendly pen side test for post
mortem diagnosis of rabies. Such test has the potential to
encourage the retrieval and testing of samples from suspect
cases of rabies in animals in developing countries at the filed
level. In this context, availability of a quality LFA for rapid
diagnosis of rabies in animals especially in the rural areas
where laboratory facilities are not available is need of the
hour. It is possible that the use of LFA would provide
additional motivation for testing samples in parts of the
country where laboratory infrastructure and transportation are
limited. Alongside the introduction of LFA, additional focus
could be placed on overcoming the challenges of sample
transportation and regional laboratory capacity with OIE
approved tests. Recently, the WHO published the third
Technical Report Series of Rabies Expert Consultation, where
LFA is recommended as a surveillance tool for developing
countries lacking adequate laboratory facilities [*2,

On the other hand, recent studies have shown inconsistencies
in the specificity and sensitivity of some of the currently
available LFAs, with unacceptable sensitivity variation
leading to claims that they are not suitable as a component of
rabies surveillance activities * 4. But, Yale and her co-
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workers in the year 2019, evaluated the utility of LFA
(Anigen Rapid Rabies Ag Test Kit, Bionote, Hwaseong-si,
Korea) for rapid post mortem diagnosis of rabies in animals.
The study found that the Bionote LFA has potential as a
screening tool in rabies endemic countries . Similar
observation was made by other researchers 6201 wherein they
reported that the preliminary screening of brain samples of
dogs suspected for rabies using the LFA of Bionote, Korea
was handy, most user friendly and faster.

With the year 2030 being target for elimination of dog-
mediated rabies, momentum is building towards canine rabies
control in the country 223, it would be highly recommended
to increase rabies laboratory testing facilities in endemic
regions. It would be beneficial to include reliable LFAS as a
surveillance tool in the national rabies control plan, to support
the expansion of surveillance and testing systems to areas
with limited rabies diagnostic capacity.

In the present study, a 100 per cent concordance between
LFA and DFA was observed. The results support the
application of LFA as a simple test that can be adapted to
field conditions as a preliminary rapid test and contribute to
the epidemiology of rabies in India. As per the study, percent
positivity (80.65%) of rabies in animals is very high which is
highly alarming. Along with canine rabies, the incidence of
rabies in other livestock species is increasing and is a threat in
several countries where Pre-Exposure Prophylaxis (PrEP) is
not carried out in other species including the livestock except
the pet animals like dogs and cats.

Conclusion

The present investigation is a large scale study of LFA usage
(615 brain samples in six species of animals from six states of
India) for evaluation of its immunodiagnostic performance in
India. Based on our results, the preliminary screening of brain
samples of animals suspected for rabies using the monoclonal
antibody based rapid diagnostic test (RDT) like
immunochromatography tool or LFA was the most user
friendly and faster. This enabled the documentation of cases
of rabies at the field level and also at laboratory level (before
performing DFA as a confirmatory test) helped to understand
the epizootiological aspects related to species and
geographical distribution. The majority of the cases were
reported from dog species and in Karnataka state as the
laboratory where this work was carried out itself is located in
Karnataka and hence the ease of shipping large number of
samples from field to the laboratory. The study supports the
application of LFA as a simple test that can be employed at
the field conditions as a preliminary rapid screening test and
contributes to the epizootiology of rabies in India.
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