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ARTICLE INFO abstract

The article presents a critical analysis of the method for evaluating the activity of NIH 
rabies vaccines and shows a number of significant drawbacks. A theoretical justification 
and experimental solution of two modifications of the method and the possibility of 
improving the test with a high degree of consistency (correlations 0,90-0,99). 
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Introduction
A high level of mortality caused by rabies among both humans 

and animals determines the importance of preventative measures 
to the development of the infection, where the leading role is 
taken by vaccines, since a successful outcome depends on the type 
of the vaccine used and how effective it is [1,2]. In this regard, it 
becomes important to develop and use the quality evaluation of 
inactivated rabies vaccines. Vaccine immunogenicity is a key factor 
in judging the effectiveness of vaccines. Efficiency of estimation of 
the inactivated antirabic vaccines during a long period of time is in 
the article of ongoing research, discussions and publications [2-5]. 
The NIH is the method most widely used and recommended by the 
WHO. This test was developed in the USA in 1953 and is used in 
unmodified form till this day [5-7].

On the one hand, this method is used by nearly all production 
and control laboratories in the all countries [5,6,8], it also enables to 
define a protective effect of the drug on experimental animals and 
has a positive effect on rabies immunization, since immunological 
response depends on the potency of rabies vaccines to some extent. 
The problems associated with determining the activity of the test 
vaccines using NIH, is discussed at many meetings of the WHO [2,5,7]. 
Since as the control strain of infection with the test formulation 
recommended NIH strain CVS, a vaccine produce from viruses, non-
strain Pasteur, under the control mice infection, may be less active  

 
than expected [2,5]. In addition, test conditions for the control NIH 
vaccines differ from the conditions of the target animals vaccinated 
in practice, even the same drug, leading to significant errors in 
the assessment of the activity of vaccines [4,9,10]. According to 
these, the aim of our work was a critical analysis and experimental 
solution to some disadvantages of the test, which is implemented 
by selecting the NIH isolate for the control infection (challenge), 
as well as determining the number of vaccinations, the vaccination 
method and resolving infecting. The aim of the work was to find the 
optimal NIH test modifications through a single immunization of 
mice instead of traditional double. This will provide a high level of 
correlation to the traditional NIH test.

Materials and Methods

NIH Test 

Immunogenic potency of rabies vaccines has been studied with 
the use of a classical method by National Institutes of Health (NIH); 
the results were expressed in IU.

Rabies virus:

a)	 Six street rabies virus isolates (three representatives of 
each cluster circulating among animals in Ukraine.: 

Cluster 1 (CVS-like isolates) - 10C289 (cat) 09SO103 (KRS), 
09D121 (dog)
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Cluster 2 (different from CVS isolates) - 10RD387 (raccoon 
dog), 09CO111 (cattle) and 09F94 (fox). Infectious activity was 2,4- 
3,4 lg MLD50/ 0,03 cm3. Pathological material with the diagnosis 
of rabies were obtained from the collection of the “Center for the 
study and prevention of rabies in Ukraine» IBM NAAS of Ukraine.

b)	 Rabies virus, the international reference strain CVS (20% 
suspension of infected mouse brain), deposited 25.02.2002., N 
205.

Vaccines

a)	 Culture rabies inactivated vaccine-Rabizin (The Russian 
Federation)-a vaccine made from Schyolkovo-51 series number 
023; 

b)	 Concentrated purified culture rabies vaccine - KOKAV (The 
Russian Federation) - a vaccine made from a strain Vnukovo 32 
series number 159,

c)	 Rabies vaccine Verorab (France), series A0388-1 vaccine 
made from the Pasteur virus strain.

The reason to select these vaccines is that they are made of 
different origin strains of rabies virus. KOKAV with strain Vnukovo 
32 derives from the Street-Alabama-Dufferin strain (SAD) and 
Verorab vaccine is produced from the original Pasteur Virus strain 
(PV). In the experiments, we used the industry-standard sample 
of rabies vaccines immunogenicity, calibrated according to the 4th 
International Standard, with the immunogenicity index 1.2 IU/ cm3.

Trial 1: In this experiment, there was a reduction in the 
multiplicity of administration of the test material to mice (once 
instead of twice); In order to complete this task, the vaccine 
formulations (test and industry standard) were injected once 
intraperitoneally into white mice, weighing 12-14 g, 0.5 cm3, at 
dilutions of 1: 5, 1:25, 1: 125, 1: 625. 14 days later it was infected 
intracerebrally with the fixed WB strain CVS, at a dose of 50-
100 MLD50/ 0.03 cm3. Over the next 14 days, the animals were 
observed. Dilution sequences of each vaccine are prepared, and 
the 50% endpoints (ED50) for protection against challenge are 
estimated by the method of Spearman-Karber.

Trial 2: The technique was modified as follows: The test (3 
KIAV series of strain TC-80) and the reference vaccine were injected 
at dilutions of 1: 5, 1:25, 1: 125, 1: 625 intramuscularly to white 

mice, weighing 12-14 grams, volume - 0.15 cm3. On day 21 after 
vaccination, mice were challenged in the subcutaneous tissue of the 
upper lip with the fixed WB strain “CVS” in a dose of 10-50 LD50 / 
0.15 cm3 and observed for 14 days. Then ED50 was calculated and 
the comparative analysis of the results obtained by the traditional 
NIH method was conducted.

Trial 3: The evaluation of the protective activity of rabies 
vaccines was conducted under NIH test, applying double 
intraperitoneal immunization of white mice, using selected street 
isolates instead of challenge rabies virus reference strain CVS.

In order to study the protective activity of the above rabies vac-
cines against genetic variations of street rabies virus isolates, 12 
experimental groups consisting of 40 mice each were formed. Six 
groups of white mice were immunized intraperitoneally (similarly 
to NIH test) with KOKAV vaccine, and the other six with vaccine Ver-
orab. The mice were administered at 0.5 cm3 vaccine in a dilution of 
1: 5, 1:25, 1: 125 and 1: 625. twice with an interval of 7 days. Each 
of the dilutions was used to vaccinate 10 mice. On the 14th day of the 
first immunization, intracerebral infection of mice was conducted 
in a volume of 0.03 cm3, using street infecting isolates instead of 
rabies virus reference strain CVS for inoculation, in similar doses - 
from 5 to 50 LD50. Defining protective activity of rabies vaccines was 
carried out by calculating 50% effective dose (ED50).

Results 

Modification of the Method NIH by A Single Immunization

The results of comparative testing KIAV through the traditional 
and modified NIH test are shown in Table 1. The data presented 
in Table 1 show that the rate ED50 with the single immunization 
by vaccine preparations (NIH modification) was lower than in the 
case of double immunization (test NIH). Relative immunogenicity 
of the second series was higher with the single immunization. 
The potency of the first and third series of vaccines was below 
the minimum requirements for inactivated rabies vaccines (1 
IU). In both methods (modified and traditional NIH), according 
to the protocol of vaccine trials, both single and double standard 
samples were used. In order to determine the level of compliance 
of the results obtained by the modification of the traditional NIH 
test, a correlation analysis has been made. It is established that the 
correlation coefficient was 0.99.

Table 1: The results of comparative testing of rabies vaccines by NIH test with single and double immunization  n=3. 

Series number of vaccines Multiplicity of immunization Ig ED50 Potency, IU/cm3*

1
2-fold 2.71±0.15 1.82

1-fold 1.59±0.20 0.93

2
2-fold 2.12±0.18 0.47

1-fold 1.43±0.10 0.64

3
2-fold 2.63±0.21 1.52

1-fold 1.57±0.13 0.89

Standart
2-fold 2.45±0.15 1

1-fold 1.62±0.20 1

Note: The average index of three definitions
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Modification of the Method by using NIH Peripheral Test 

The research results are shown in Table 2. 

Table 2: The results of the comparative evaluation of KIAV 
“peripheral” test and NIH test.  

Series Number 
of Vaccines

Test NIH* “Peripheral” Test

Ig ED50
Potency, IU/

cm3* Ig ED50
Potency, IU/

cm3*

1 series 2.71 1.82 2.25 1.4

2 series 2.12 0.47 1.87 0.58

3 series 2.63 1.52 2.05 0.89

Standart 2.45 1 2.1 1

Note: * - the average index of three definitions.

Modification of the Method by using NIH Street Isolate 
Rabies Virus

The research results are shown in Table 3. The results presented 
in Table 3 show that the effective dose (ED50) of rabies vaccine 
Verorab in all the experiments was higher than KOKAV vaccine, due 
to its higher immunogenic potency (7.7 IU / dose compared to the 
immunogenicity of the vaccine KOKAV-3 8 IU / dose). The effective 
dose (ED50) of the vaccine KOKAV during infecting mice with street 
rabies virus isolates of CVS-like genetic variant was 0,44 ± 0,09, 
and during infecting them with isolates belonging to a different 
genetic CVS-version - 0,31 ± 0,07. Similarly, the effective dose 
(ED50) of rabies vaccine Verorab was obtained in the experiments 
of challenge with street isolates rabies virus of a CVS-like genetic 
variant, which was 0,94 ± 0,22, and during infecting with different 
isolates CVS - 0,67 ± 0,17.

Table 3: The protective activity of rabies vaccines against genetic variations of street rabies virus isolates.

Vaccines

ED50 During Infection with Street Rabies Virus Isolates

CVS-like
M±m

Different from CVS
M±m

10C289 09CO103 09D121 10RD387 09CO111 09F94

KOKAB 0.49 0.32 0.51 0.44±0.09 0.35 0.21 0.37 0.31±0.07

Verorab 1.05 0.65 1.12 0.94±0.22 0.77 0.45 0.8 0.67±0.17

Discussion 

The key to success of rabies control is specific prophylaxis, 
with the use of highly potency inactivated rabies vaccines. In the 
representation of our experiments, the modification to NIH test is 
to be made due to:

a)	 During the traditional NIH test, which includes double 
immunization-the second vaccine administration is boosting 
(shielding), which increases the immune response to vaccines 
disproportionately to vaccine potency. As a result, the final 
potency of the drug is accelerated.

b)	 During the test, there were some inconsistencies 
regarding the conditions of practical application of a vaccine 
formulation (intramuscular) and a potential route at bites in 
the nature (intracerebral do not exist in the nature), as well 
as conditions of immunogenicity control of rabies vaccines 
(immunization of mice is made intraperitoneally and allowing 
infection - intracerebrally). This fact indicates the discrepancy 
between the delivery of viral antigen through vaccination and 
its control.

c)	 For the allowing infecting, the rabies virus reference 
strain CVS is used. It derives from Pasteur virus, and was 
defined more than 120 years ago, so it may differ significantly 
from street isolates circulating in the wild regions of Ukraine.

Considering the above, the traditional method NIH was 
modified by the use of a single immunization of mice instead of the 
traditional double. In experiments on mice, a single immunization 

revealed that a single immunization with ED50 (modification NIH) 
was twice lower, which is quite natural. However, the relative 
immunogenicity of the comparison of both methods was almost 
unchanged, since while reducing the absolute potency, there was a 
proportional decrease in the activity of absolute standard, which is 
used to calculate the potency of the ME vaccines. In our opinion, this 
modification eliminates the disadvantages of the NIH test, taking 
into consideration the analysis of the results, which show that 
the correlation coefficient between the modified and traditional 
methods of NIH was 0.99. In the second experiment, there was the 
use of intramuscular immunization of mice and infection in the 
subcutaneous tissue of the upper lip (peripheral test). The result 
shows a high degree of correlation with the NIH test results (r = 
0,90). The advantage of this modification is that the method follows 
the natural route of administration of the vaccine antigen and the 
penetration of street virus, when infecting animals in the nature.

 In the third experiment, the analysis of the results showed 
that while challenging immunized animals with street rabies virus 
isolates in the same infecting dose (LD50 5-50), the effective dose 
(ED50) of the rabies vaccines was different. It was 29-30% higher 
when animals were infected with isolates of CVS-like genetic 
variant, regardless of the vaccine. The results have proved the 
protection of rabies vaccine against street rabies virus isolates 
belonging to cluster I to be more effective, compared to isolates 
belonging to cluster II of genetic variants of the rabies virus. 
Despite a small amount of test preparations, the modification 
of the NIH test has revealed the disadvantages of the test and 
has provided the solutions to them. Moreover, the analysis of the 
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literature proves our point of view and confirms the reliability of 
the research direction. The use of the challenge for regional strains 
of rabies virus will enable to determine the immunogenic potency 
of inactivated rabies vaccines used in Ukraine with a certain level 
of accuracy. Thus, this is the demonstration of the theoretical and 
experimental possibility of replacing the traditional NIH test by the 
proposed modification, which has a theoretical basis and may be 
used in practice after large-scale testing [11-15].
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