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ABSTRACT 

Rabies urgently requires strengthening of new and 
existing diagnostic methodology in order to overcome 
the threat it poses. We evaluated the Enzyme Linked 
Immuno-Sorbent Assay (ELISA) and the Rapid Immu-
nodiagnostic Test (RIDT) in detecting rabies viral anti-
gens, comparing both tests with the Direct Fluorescent 
Antibody Test (DFAT) which is the gold standard in ra-
bies diagnosis. Fifty dog brain tissues collected from the 
archives of the Central Diagnostic Laboratory, National 
Veterinary Research Institute, Vom, Nigeria, were uti-
lized for this study. ELISA performed better than RIDT 
and recorded equivalent result with DFAT as compared 
with RIDT. There was a 96 % agreement between ELISA 
and DFAT for rabies antigen detection (concordance co-
efficient 78 % : 95 % C. I. 0.6366 to 0.8654) while there 
was a  54 % agreement between RIDT and DFAT (con-
cordance coefficient 17 % : 95 % C. I. 0.05138—0.2752). 
Compared to DFAT, the sensitivities of ELISA and RIDT 
were 95.5 % and 47.6 %, respectively, and the specifici-
ties of ELISA and RIDT were 100 % and 87.5 % respec-
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tively. The simple Cohen’s kappa coefficient for ELISA 
related to the DFAT was found to be 0.834 (95 % C. I. 
0.613—1.0). For RIDT, the Kappa value was 0.170 (95 % 
C. I. 0.003—0.337). The ELISA is as reliable a diagnostic 
method as the DFAT which is the gold standard for ra-
bies diagnosis. It has an advantage of being able to anal-
yse large number of samples at the same time, making it 
more suitable for epidemiological studies and for labo-
ratories that cannot perform the DFAT. The unsatisfac-
tory result of RIDT in this study reiterates the need to 
perform an adequate test validation before it can be used 
in the laboratory for rabies diagnosis. 
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INTRODUCTION

Globally, estimates show that human death due to en-
demic dog-mediated rabies is most prevalent in Asia, with 
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the highest occurrence and mortalities recorded in India. 
Next to Asia is Africa; however, the absence of dependable 
data has led to uncertainty in the estimation of the disease 
burden [23]. India has the most prevalent rate of human 
rabies in the world, basically due to large number of stray 
dogs [18]. Rabies which is known to be endemic in Nigeria 
has the domestic dog as the primary reservoir of the caus-
ative virus [3]. It first occurred in the country in humans in 
1912 and was first diagnosed in the laboratory in a dog in 
1925 [5], since then, human and animal rabies cases have 
been reported in all the regions and ecological zones of Ni-
geria annually [2, 35].

Rabies remains a threat underappreciated by healthcare 
practitioners in many endemic areas, often owing to lack of 
rapid diagnostic tools, post-mortem evaluations, and pub-
lic health reporting. Although most veterinary laboratories 
in Africa have sufficient personnel capacity to diagnose ra-
bies in animals, routine diagnosis is often limited by a lack 
of laboratory equipment and reagents [16, 24].

Diagnosing rabies can be demanding sometimes, this is 
because it is easily confused, especially at the early stages, 
with other diseases [8]. Proper history taking and clinical 
signs are very important in the diagnosis of rabies; however, 
confirmatory diagnosis of rabies depends on the laboratory 
identification of the virus or its specific components. Mi-
croscopic examination of specimens is one of the laborato-
ry routines that allows for the rapid identification of rabies 
virus-specific antigen, irrespective of geographical location 
and condition of the host. The Direct Fluorescent Antibody 
Test (DFAT) is the ‘gold standard’ method for diagnosing 
rabies and its use has been recommended by the World 
Health Organization (WHO) [35]. However,  F o o k s  et al. 
[13] noted that decomposed samples can affect the sensitiv-
ity and specificity of DFAT. To ensure reliable results, the 
brain tissues to be tested must be preserved by chilling or 
freezing. The transportation of the tissues to the rabies lab-
oratory often presents difficulties; especially since facilities 
for refrigeration are usually limited [1, 36]. Even when ice 
or dry ice and insulated packages are available, the delays 
involved in transportation often result in deterioration of 
the tissue in route, which increases the likelihood of false 
negative results with DFAT. Because of these difficulties, 
many specimens are not submitted for laboratory examina-
tion, even though it is important that decisions on post-
exposure prophylaxis should, whenever possible, be based 
upon the results of laboratory tests [36].

Rabies urgently requires strengthening of new and ex-
isting diagnostic methodology in order to overcome the 
threat it poses [34]. It is pertinent to note that the accu-
rate laboratory diagnosis of rabies in an animal has a direct 
effect on human treatments [20]. Therefore, rapid and ac-
curate diagnosis of rabies is vital to human post-exposure 
prophylaxis, steering epidemiologic surveillance and pro-
viding adequate information for the design of rabies con-
trol programs [12]. The DFAT has been regarded as the 
‘gold standard’ method for rabies diagnosis for many years 
despite the numerous limitations associated with this tech-
nique [10, 13]. The Enzyme Linked Immuno-sorbent Assay 
(ELISA) is suitable for analysing samples not preserved in 
good conditions [22]. It is rapid, easy to use, and relatively 
safe because they do not require the use of infectious virus, 
making them suitable for use in developing countries [8]. 
A  recently described method for the detection of RABV 
antigen from post-mortem samples is the Rapid Immuno-
Diagnostic Test (RIDT), a useful method for rabies diag-
nosis without the need for laboratory equipment [11]. This 
RIDT is a one-step test that facilitates low-cost and rapid 
identification of viral antigens.

There is a need for more economical and user friendly 
tests, particularly for use in developing countries. There-
fore, this study sought to evaluate the performance of 
ELISA and RIDT in relation to DFAT for the diagnosis of 
rabies in frozen dog brain tissues.

MATERIALS AND METHODS

Specimen collection
This experiment was conducted at the Rabies laboratory, 

National Veterinary Research Institute, Vom. Fifty dog brain 
tissues preserved at –20 °C were collected from the archives 
of the Central Diagnostic Laboratory, National Veterinary 
Research Institute, Vom, for this study. The tissues were 
thawed at room temperature. Approximately 1 g of brain tis-
sue samples were cut and homogenized in 10ml phosphate 
buffered saline (PBS), pH 8.5. Supernatants were carefully 
collected after centrifuging at 3000 × g for 20 minutes. All 
homogenate samples were stored at –70 °C until used.

Direct Fluorescent Antibody Technique
The direct fluorescent antibody test (DFAT) was per-

formed as described previously [19, 28]. Impression smears 
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were made on appropriately labelled pre-cleaned slides by 
turning the slides over the assembled portion of the brain 
stem, hippocampus, cerebellum, and cerebrum. The slides 
were air dried at room temperature and fixed by placing 
them in a  coplin jar containing acetone at –20 °C for 30 
minutes. The slides were removed from the acetone and 
then air-dried at room temperature. The fixed slides were 
transferred to a humidified chamber and a drop of 150 µl 
of fluorescein-labelled monoclonal anti-rabies immuno-
globulin (Fujirubio Diagnostics, Inc., USA) was used for 
staining. These were then incubated at 37 °C for 30  min-
utes. After incubation, the slides were washed three times 
with PBS (pH 8.5). The slides were then air-dried at room 
temperature and arranged in a slide carrier. A drop of 50 % 
mounting buffered glycerol and a cover slip were applied on 
each smear. The slides were visualized under a fluorescent 
microscope (Zeiss International, Germany). The presence 
of bright/dull/dim yellow-green, oval or ellipsoid fluoresc-
ing intracellular accumulations was considered positive. 
Fluorescence was scored by two separate individuals using 
a three-plus scoring system (scores were as follows: 3 +++ 
bright yellow green fluorescence; 2 ++ dull yellow green flu-
orescence; + dim but detectable yellow green fluorescence).

Enzyme Linked Immuno-Sorbent Assay
The test was carried out according to the manufacturer’s 

instruction (MyBioSource, USA). Briefly, in the micro-ELI-
SA strip plate, two wells were left as negative controls and 
another two wells as positive controls. Negative and posi-
tive controls in a volume of 50 μl were added to the nega-
tive and positive control wells respectively. In the sample 
wells, a  10 μl sample and a  40 μl Sample dilution buffer 
were added. 100 μl of HRP-conjugate reagent was added 
to the positive control, negative control and sample wells 
and then mixed very well by gentle shaking. The plate was 
incubated for 60  minutes at 37 °C after covering with an 
adhesive strip. Following incubation, the test wells were 
washed manually with 1 : 20 pre-diluted washing buffer 
solution (400 μl) by carefully peeling off the adhesive strip 
and washing 5 times. At each washing step, the wash solu-
tion was decanted after resting for one minute. After the 
last wash and decanting, any remaining wash solution was 
removed by aspirating. The plate was inverted and blotted 
against clean paper towels. Fifty microliter of Chromogen 
Solution A and 50 μl Chromogen Solution B were added to 
each well (shielded from light) and mixed by gently shak-

ing. The plate was then incubated at 37 °C for 15 minutes. 
Fifty microlitres of the stop solution was added to each well 
to terminate the reaction and the wells were observed for 
colour changes. 

The optical density (OD) of the test wells were then 
read at 450 nm using a  microtitre plate reader ensuring 
that the bottom of the wells were clean prior to reading. 
The assay was carried out within 15 minutes after adding 
the stop solution. The critical value (cut off) was calculated 
as the average OD value of the negative control +0.15. The 
sample was canine rabies virus positive if the OD value ≥ 
cut off. Scoring was done based on the values of the sample 
OD and cut off. 

Rapid Immuno-Diagnostic Test
The test was done according to the manufacturer’s in-

struction (Quickings, China) and as described previously 
[11]. Briefly, swab stick was inserted into 10 % brain tissue 
fluid homogenates (prepared as described earlier) until sat-
urated and then placed into the assay buffer tube where it 
was thoroughly agitated to ensure good sample extraction. 
The cassette was taken out from the foil pouch and placed 
horizontally. Gradually, 3 drops of sample extraction were 
dripped into the sample hole using a disposable dropper. 
The result was interpreted in 5—10 minutes. The presence 
of both control band and test band on the strip (whether 
test band is clear or vague) was considered positive. The 
test and control lines on the test strips were scored by two 
separate individuals using a three-plus scoring.

Data analysis
The intensity of the fluorescence was counted and given 

one point per cross (+: 1 point; ++: 2 points; +++: 3 points). 
The concordance coefficient and simple Cohen’s kappa co-
efficient value were used for statistical comparison of the 
diagnostic tests. The concordance coefficient values were 
expressed as a  percentage. The kappa value of the agree-
ment levels was interpreted as follows: poor agreement 
≤ 0.20; fair agreement 0.20—0.40; moderate agreement 
0.40—0.60; good agreement 0.60—0.80; and very good 
agreement ≥ 0.80. The confidence interval was calculated 
by assuming a binomial distribution. All statistical proce-
dures were done using the MedCalc Software (MedCalc 
Software bvba, Version 17.8).
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RESULTS

A total of 50 archived dogs brain tissues were tested with 
ELISA, RIDT and also with DFAT, which was used as a ref-
erence method. Forty four (88 %) of the 50 brain samples 
tested positive by DFAT, 42 (84 %) tested positive by ELISA 
and 21(42 %) tested positive by RIDT (Table 1). Two (4 %) 
samples that were negative for rabies antigen by DFAT were 
positive by ELISA. Twenty two (44 %) samples that were 
positive by DFAT were negative by RIDT while  1 (2 %) 
sample that was negative by DFAT was positive by RIDT 
(Table 2). However, we found 96 % agreement (42 positives 
and 6 negatives) of ELISA and DFAT and 54 % agreement of 

RIDT and DFAT (20 positives and 7 negatives). Compared 
to DFAT, the sensitivities of ELISA and RIDT were 95.5 % 
and 47.6 % respectively, while the specificities of ELISA and 
RIDT were 100 % and 87.5 % respectively (Table 2). 

The simple Cohen’s kappa coefficient for ELISA relative 
to the DFAT was found to be 0.834 (95 % C. I. 0.613—1.0). 
For RIDT, the Kappa value relative to DFAT was 0.170 
(95 % C. I. 0.003—0.337). The concordant result of the vari-
ous techniques was shown in Figure 1. The concordance 
coefficient for ELISA and RIDT relative to DFAT were 78 % 
(0.6366 to 0.8654) and 17 % (95 % C. I.; 0.05138—0.2752) 
respectively. 

DISCUSSION

The “gold standard” method for diagnosing rabies 
worldwide is the direct fluorescent antibody test (DFAT), 
which is recommended by the World Health Organization 
(WHO) and OIE [27, 38]. The main advantages of DFAT 
are its high sensitivity and specificity, even on fixed speci-
men [37] and that results can be obtained within 3~4 hours 
[9]. Despite the detectable advantages of the DFAT in di-

Table 1. Rabies antigen detection by DFAT, ELISA and RIDT

DFAT [%] ELISA [%] RIDT [%]

Positive 44 88 42 84 21 42

Negative 6 12 8 16 29 58

Total 50 100 50 100 50 100

DFAT — Direct Immuno-Fluorescent Test; ELISA — Enzyme Linked 
Immuno-Sorbent Assay; RIDT — Rapid Immuno-Diagnostic Test

Table 2. Sensitivity and Specificity of ELISA and RIDT for rabies antigen 
detection in archived brain samples

ELISA RIDT

DFAT P N Total P N Total

P 42 2 44 20 22 42

N 0 6 6 1 7 8

Total 42 8 50 21 29 50

Sensitivity 95.5 % 47.6 %

Specificity 100 % 87.5 %

ELISA RIDT

DFAT P N Total P N Total

P 42 2 44 20 22 42

N 0 6 6 1 7 8

Total 42 8 50 21 29 50

Sensitivity 95.5 % 47.6 %

Specificity 100 % 87.5 %

P — positive; N — negative; DFAT — Direct Immuno-Fluorescent Test
ELISA — Enzyme Linked Immuno-Sorbent Assay; RIDT — Rapid Immuno-Diagnostic Test
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agnosing rabies, complementary diagnostic methods that 
can be more reliable as that of DFAT are needed. Any false 
negative results may lead to death and widespread under-
reporting of the disease while false positive results can lead 
to unnecessary post exposure prophylaxis [15, 40]. Con-
sequently, the true public health impact of rabies will be 
greatly underestimated and political commitment for its 
control would be lacking [7].

In this study, 88 % of the frozen brain specimens tested 
positive by DFAT, 84 % tested positive by ELISA and 42 % 
tested positive by RIDT. Similar findings have been record-
ed by earlier researchers;  W h i t e f i e l d  et al. [37] recorded 
66.9 % positive result by DFAT in frozen brain specimens. 
Of the 1253 specimens analysed in a  trial by  P e r r i n  
and  S u r e a u  [30], 651 were positive in both the DFAT and 
the ELISA. Two different studies conducted by  Y a n g  et al. 
[40] and  S h a r m a  et al. [33], gave 17 % and 64.7 % positive 
results respectively by RIDT on fresh samples. Generally, 
the accuracy of rabies diagnosis is dependent on the quality 
of the sample [13, 6], the type of anti-rabies conjugate used 
[31], virus antigen distributions in the brain and areas of 
the brain tested [4].

The present study evaluated the efficacy of RIDT to be 
used under laboratory and field condition for rabies diag-
nosis and obtained sensitivity and specificity of 47.6 % and 

87.5 % respectively. This however, contradicts the findings 
of  N i s h i z o n o  et  al. [25] who reported a  sensitivity of 
95.25 % and a specificity of 88.9 % using a type I RIDT kit 
which recognizes epitope II and III of the nucleoprotein of 
rabies virus. Similarly,  K a n g  et al. [14] recorded a  high 
sensitivity and specificity of 91.7 % and 100 % respectively. 
This variation in the sensitivity and specificity of RIDT 
was observed by  E g g e r b a u e r  et al. [11] who compared 
six commercially available RIDTs for diagnostic and ana-
lytical sensitivity, as well as their specificity and concluded 
that the sensitivity and specificity varied considerably with 
different test kits. Also, none of the test kits investigated 
proved to be satisfactory, although the results somewhat 
contradicted previous studies, indicating batch to batch 
variations. Therefore, the low sensitivity and specificity of 
RIDT recorded in our study could be attributed to poor 
quality control and relatively low detection limit of the test 
kit used. 

The ELISA is usable even on autolysed or partially de-
graded brain samples. It can be read qualitatively with the 
naked eyes and a large number of samples can be tested at 
the same time [9, 17]. However, false positive results due 
to cross reactivity with other antigens with very similar 
epitopes had been recorded [30]. In this study, the sensi-
tivity and specificity of ELISA were shown to be 95.45 % 

Fig. 1. Concordant results of dog brain tissues preserved at –20 °C
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and 100 % respectively. This is in complete agreement with 
earlier studies [21, 26, 29, 32]. More recently, X u et al. [39] 
recorded a  sensitivity and specificity of 97 % and 99.9 % 
respectively using a modified ELISA technique known as 
WELYSSA. In our study, 96 % agreement was observed be-
tween DFAT and ELISA. The very good strength of agree-
ment between the ELISA and DFAT (Concordance coef-
ficient 78 %; Kappa 0.834) implies that ELISA is as reliable 
as the DFAT and can be used in laboratories that cannot 
perform DFAT or whenever DFAT results are in doubt. 

CONCLUSIONS

The ELISA is as reliable a  diagnostic method as the 
DFAT which is the gold standard for rabies diagnosis. It 
has an advantage of being able to analyse large number of 
samples at the same time, making it more suitable for epi-
demiological studies and for laboratories that cannot per-
form DFAT. The unsatisfactory result of RIDT in this study 
reiterates the need to perform an adequate test validation 
before it can be used in the laboratory for rabies diagnosis.
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