
Background 
Brucellosis is one of the common diseases between humans 
and animals, and is associated with fever in humans and 
abortion in animals (1,2). The bacterial causative agent 
is a facultative intracellular gram-negative coccobacillus 
called Brucella (3). The Brucella genus contains 6 classical 
species including B. melitensis, B. abortus, B. ovis, B. 
canis, B. swiss, and B. neotome (4). Brucellosis is a major 
public health concern which causes enormous economic 
losses, including high costs for treatment and inactivity 
in the community. There is no effective vaccine to 
prevent this disease in humans and therefore, efforts have 
focused on preventive measures and infection control in 
livestock, since this can reduce its incidence in humans. 
The most effective way to avoid brucellosis in animals is 
vaccination. In Iran, several vaccines have been used to 
vaccinate livestock. For example, IRIBA live attenuated 

vaccine is used to immunize cattle. However, as suggested 
by the World Organization for Animal Health (OIE), 
vaccination of sheep with Rev.1 live attenuated vaccine 
is the most important strategy for the prevention of 
disease incidence in sheep (5). In addition, the positive 
effect of this vaccine on the Iranian sheep and goat breeds 
in Iran climatic conditions has been demonstrated by 
the researchers of the country in collaboration with the 
OIE, as the prevalence of the disease has been reduced 
from 45% to 1.8% with the production of Rev.1 vaccine 
and the beginning of vaccination programs since 1962 
(6). Consequently, the present study was conducted to 
investigate and compare humoral immune responses of 
sheep against Razi Institute Rev.1 vaccine, as a completely 
native vaccine produced in Iran, and a Spanish Rev.1 
vaccine (CZV), as a well-known standard imported 
vaccine.
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Abstract

Background: Prevention of brucellosis in humans is based on the vaccination of animals. Given that Rev.1 
vaccine is one of the most effective vaccines for preventing and controling brucellosis in sheep and goats, 
the present study was conducted to evaluate and compare humoral immune responses of sheep against Razi 
Institute and Spanish (CZV) Rev.1 brucellosis vaccines. 
Methods: To do the study, 6 sheep were prepared and divided into 2 groups, and blood samples were then 
collected on day zero. The animals of each group were subcutaneously vaccinated with one dose of Razi Institute 
and Spanish (CZV) Rev.1 vaccines followed by collecting blood samples on days 30, 60, 90, 120, 150, and 180 
post vaccination. Sheep serum samples were then tested using Rose Bengal, Wright, and 2-Mercaptoethanol 
assays and the data were statistically analyzed. 
Results: The results showed that the highest titers of Wright and 2-Mercaptoethanol tests were observed 30 
days after vaccination. However, no statistically significant difference was observed between humoral immune 
responses of sheep vaccinated with either Razi Institute or Spanish (CZV) Rev.1 vaccines (P > 0.05). 
Conclusions: Given the similar results of both vaccines in stimulating the humoral immune system in the target 
species and the indigenous Razi vaccine production technology, as well as its lower price compared to the 
imported one, this native vaccine can certainly be used for immunizing livestock in our country. This can ensure 
the country’s independence, boost national vaccine production, and prevent the outflow of currency.
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Methods
Preparation of Serum Samples and Vaccination Initially, 
6 sheep of 4- to 6-month-old, which were not previously 
inoculated with brucellosis vaccine, were randomly 
selected from Kurdan Station of Razi Vaccine and Serum 
Research Institute, Karaj, Iran. After 3 days of quarantine, 
the sheep were randomly divided into two groups and then 
blood samples were collected on day zero. Afterwards, 
blood samples were incubated at 37°C for one hour and 
serum samples were collected by centrifugation at 2000 
rpm for 10 minutes and frozen at -20°C until laboratory 
examinations. 

On the other hand, the bacterial cell count of Rev.1 
vaccines (Razi and Spanish vaccines) was calculated 
by colony count method. Thereafter, one dose of 
Razi and Spanish (CZV) Rev.1 brucellosis vaccines 
containing 2×109 CFU/dose attenuated B. melitensis was 
subcutaneously inoculated to each of the 3 sheep in either 
group. Blood samples were collected again on days 30, 
60, 90, 120, 150, and 180 after vaccination and sera were 
collected and stored at -20 °C.

Examinations of Serum Samples
Rose Bengal, Wright, and 2-Mercaptoethanol (2-ME) 
tests were used to evaluate humoral responses of the 
vaccinated sheep. 

Rose Bengal test: To perform this test, a drop of serum 
(~50 µL) was mixed with a drop (~50 µL) of Rose Bengal 
antigen on a glass slide and the occurrence of agglutination 
was monitored for up to 4 minutes under light (7).

Wright test: Serial dilutions from 1/10 to 1/640 were 
prepared by mixing the serum samples and phosphate-
buffered saline (PBS) in tubes. Then, 0.5 mL of Wright 
antigen (Razi Institute) was added to all tubes, and after 
covering the tubes with Parafilm, the tubes were incubated 
at 37°C for 21 hours. Finally, the results were read under 
light (7).

2-ME test: First, 0.2 mL of sheep serum samples was 
mixed with 0.3 mL of PBS and 0.5 mL of 2-ME and 
the mixture was vortexed and incubated at 37°C for 1 
hour. After incubation, the same procedure was done 
for the samples and serial dilutions from 1/10 to 1/640 
were prepared by mixing 2-ME treated sera and PBS in 
tubes. Then, 0.5 mL of Wright antigen (Razi Institute) 
was added to all tubes, and after covering the tubes with 
Parafilm, they were incubated at 37°C for 21 hours. 
Finally, the results were read under light (7).

Statistical Analysis
The data were analyzed using Fisher’s exact test and t-test 
in SPSS software (version 16). P ≤ 0.05 was considered to 
be statistically significant. 

Results
The results of Rose Bengal test were positive for all of 

the serum samples taken up to 60 days after vaccination. 
However, some serum samples were identified as negative 
in this experiment from day 120 after vaccination. Full 
details of the results are presented in Table 1.

On the other hand, the results of Wright test showed 
that Wright titers of the serum samples of sheep 
vaccinated with Rev.1 vaccines were decreased 60 days 
after vaccination. The titers of serum samples for each 
vaccine are presented in Table 2.

According to the results presented in Table 2, the highest 
titers of serum samples for both vaccines were those 
obtained up to 60 days after vaccination. Intergroup t test 
results indicated that there was no significant difference 
between the serum titers calculated in the Wright test 
for sheep vaccinated with either Razi or Spanish (CZV) 
Rev.1 vaccines (P > 0.05).

Serum samples which were identified as positive 
in Wright test were analyzed by 2-ME test. Since the 
disulfide bonds in IgM structure are destroyed by 2-ME 
in this experiment, the IgG antibody titer is obtained. 
The results of this experiment showed that the decrease in 

Table 1. The Results of Rose Bengal Test for Serum Samples

Days after 
Vaccination

No. of Positive Samples 
Rev.1-R Vaccine (%)a

No. of Positive Samples 
Rev.1-C Vaccine (%)b Total (%)

0 0 (0) 0 (0) 0 (0)

30 3 (100) 3 (100) 6 (100)

60 3 (100) 3 (100) 6 (100)

90 3 (100) 2 (66.7) 5 (83.3)

120 2 (66.7) 0 (0) 2 (33.3)

150 0 (0) 0 (0) 0 (0)

180 0 (0) 0 (0) 0 (0)

Note. a Razi Institute Rev.1 vaccine; b Spanish (CZV) Rev.1 vaccine.

Table 2. Titers of Serum Samples in Wright Test for Each Vaccinated 
Sheep

Days After 

Vaccination

Sheep Vaccinated With

Rev.1-R vaccine a

Sheep Vaccinated With

Rev.1-C vaccine b

0 - - - - - -

30 160 160 160 160 160 160

60 160 160 160 160 160 160

90 20 20 40 40 40 40

120 20 20 20 20 20 20

150 20 20 20 20 20 20

180 20 20 20 20 10 10

Note. a Razi Institute Rev.1 vaccine; b Spanish (CZV) Rev.1 vaccine.
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the titers of most of the serum samples started on day 30 
after vaccination (Table 3).

The results of 2-ME test revealed that the highest titers 
for both vaccines belonged to sera obtained 30 days after 
vaccination. Similar to the results of Wright test and as 
shown in Figure 1, the serum titers followed a decreasing 
trend after day 30 of vaccination. However, the intergroup 
t test showed that there was no significant difference 
between the data obtained from 2-ME test for Razi 
Institute and Spanish (CZV) Rev.1 vaccines (P > 0.05).

Discussion
Although Rev.1 is the most commonly used vaccine for 
the prevention of brucellosis in sheep and goats, little 
information is available on how and to what extent the 
immune system responds to the vaccine. In addition, 
existence of different variants of the Rev.1 vaccine 
doubles the necessity of evaluating the immune responses 
following the administration of these vaccines. 

Razi Institute Rev.1 vaccine is a brucellosis vaccine 
which is produced locally at a lower price compared to 
its imported counterpart (Spanish CZV Rev.1), and if 
there is no difference in the effect of these 2 vaccines, 
Razi Rev.1 vaccine can definitely and completely meet the 
country needs and prevent currency outflows for vaccine 
imports. As a result, the present study aimed to evaluate 
and compare humoral responses of sheep following 
the inoculation of Razi Institute and Spanish (CZV) 
brucellosis Rev.1 vaccines using Rose Bengal, Wright, and 
2-ME tests. 

Rose Bengal test is a simple, fast, and reliable assay 
which is performed as a screening test at the herd level, 
and many of the researchers have shown that this test can 
detect Brucella infection in a preliminary examination 
(2). The test is a seroagglutination test which retains 
its preference because of specificity. An acidic solution 
contains stained B. abortus which is used as an antigen 
source in this assay (8). The results of this test showed that 
following inoculation of Spanish Rev.1 vaccine (CZV), 
all of the serum samples were positive 30 and 60 days 

after vaccination. However, 90 days after vaccination, 
83.3% of the samples were positive and from 150 days, 
the results of Rose Bengal test were negative for all sera. 
In case of Razi Rev.1 vaccine, the results of Rose Bengal 
test were positive for all serum samples up to 90 days after 
vaccination. However, for those sera collected 120 days 
after vaccination, 66.7% of the samples were positive, and 
from the 150 days after vaccination, no sample was found 
to be positive. Nevertheless, as indicated by the statistical 
analysis (Fisher’s exact test), no significant difference 
was observed in this regard. Similar studies have been 
carried out elsewhere in the world. For example, Blasco 
et al reported that following inoculation of Rev.1 vaccine, 
the results of Rose Bengal test were positive for 98% 
of the cases in the first week and 80% of them in the 
eighth week after the inoculation. While, only 28% of 
the samples had a positive reaction 22 weeks (154 days) 
after inoculation (9). In the study of Díaz-Aparicio et al, 
80% of vaccinated sheep showed positive reaction in Rose 
Bengal test 6 months after inoculation with Rev.1 vaccine 
(10). Stournara et al reported that Rose Bengal test of 
all specimens was positive 21 days after the inoculation 
of 3- to 6-month-old sheep as well as adult sheep with 
Rev.1 vaccine, which is consistent with the results of the 
present study. In addition, they recorded that the results 
of the Rose Bengal test were negative for 3- to 6-month-
old sheep 4 months after vaccination, which is similar to 
the results obtained from the inoculation of sheep with 
Spanish Rev.1 vaccine (11). Shome et al showed that 6 
months after the inoculation of sheep with Rev.1 vaccine, 
95% of samples had positive reaction as indicated by Rose 
Bengal assay (12). The study of Benkirane et al revealed 
that following inoculation of Rev.1 vaccine, the results 
of Rose Bengal test for all samples were positive up to 2 
months after vaccination, which is in agreement with the 
results of the present study (13). Furthermore, the results 
of all samples in the above study were negative 140 days 
after vaccination, which is consistent with the results of 
Rose Bengal tests for both Razi and CZV Rev.1 vaccines. 

Table 3. Serum Titers Obtained in the 2-ME Test

Days After
Vaccination

Sheep Vaccinated With
Rev.1-R vaccine a

Sheep Vaccinated With
Rev.1-C vaccine b

0 - - - - - -

30 80 80 80 80 80 80

60 20 20 20 40 20 20

90 20 10 20 20 20 20

120 20 10 10 20 20 20

150 10 10 10 10 10 10

180 10 10 10 10 10 10

Note. a Razi Institute Rev.1 vaccine; b Spanish (CZV) Rev.1 vaccine.

Figure 1. Comparison of the Downward Trend of Mean Serum Titers 
of Sheep Following Vaccination With Razi Institute (Rev.1-R) and 
Spanish (Rev.1-C) Rev.1 Vaccines in Wright and 2-ME Tests.
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Wright seroagglutination test is also one of the most 
common serological tests for the diagnosis of brucellosis. 
This method has been a basic test for the detection 
of Brucella infection in early brucellosis eradication 
programs in countries such as Norway, Denmark, and 
Sweden (7). However, serious doubts have been raised 
about the quality of this seroagglutination test because it is 
immunologically possible to have nonspecific agglutinins 
against Brucella, and also most IgG antibodies are not 
capable of agglutinating antigens. Consequently, false 
negative results may be observed (2,14). In the present 
study, after inoculation of sheep with Rev.1 brucellosis 
vaccines, the titers of serum samples in Wright test were 
increased from zero in day 0 to 160 after 1 month in both 
groups. In a study carried out by Gharib Mambini et al, 
following inoculation of the Razi Institute Rev.1 vaccine, 
Wright titers were reported 120 after 1 month, which is 
lower than the titers recorded in our experiment (15). The 
discrepancy in the reported titers may be attributed to 
the number of bacterial cells in the inoculated vaccines, 
as in that study, a dose of Razi Rev.1 vaccine containing 
1-3×109 CFU/dose was inoculated which gave a relatively 
wide range, whereas, 2×109 CFU/dose of vaccine was 
accurately calculated and inoculated to sheep in the 
present study. Aldomy et al reported that Wright titers 
were 80 for sheep, 24 weeks post vaccination with Rev.1, 
while in the present study, the Wright titers for both 
vaccines were 160 and 20 after the first and fifth months, 
respectively (16). Benkirane et al documented that after 
7 months of inoculation with Rev.1 vaccine, Wright test 
results were negative (13). The results of this study also 
showed that antibodies were still detectable 6 months 
after vaccination. In the study performed by Shome et 
al, 6 months after the inoculation of Rev.1 vaccine, 65% 
of sheep had Wright titers higher than 40 which were 
different from our results. Because after the same time, 
for Spanish Rev.1 (CZV), 66.7% had a titer of 10 and 
33.3% had a titer of 20, and about Razi Rev.1, all samples 
had a titer of 20 (12).

2-ME experiment was done to investigate the reaction 
of IgG molecules in serum samples since 2-ME breaks 
down the disulfide bonds in the IgM structure, thereby 
destroying the IgM in the serum and the dominant 
antibody remaining in the serum will be IgG. The results 
indicated that the titers of serum samples in 2-ME assay 
were lower than those in Wright test and 2-ME titers 
were 80 for both sera groups 1 month after vaccination, 
while Wright titers obtained at this time were 160 for 
serum samples. The results of 2-ME test showed that 
IgG antibodies against B. melitensis were present in these 
samples up to 6 months post inoculation. However, 
the highest amount of agglutinin IgG was found in the 
serum samples taken 1 month after vaccination, though 
the concentration of agglutinin IgG decreased over the 
time. According to the study of Gharib Mambini et al, 

following inoculation of Razi Rev.1 vaccine, 2-ME titers 
of sera were reported 40 after 1 month, which was lower 
than the titers recorded in our study (15). 

Conclusions
In general, many factors such as mass of inoculated 
vaccine, breed and age of studied sheep, conditions of 
livestock keeping, individual differences, and the like may 
cause discrepancies in the reported titers. However, the 
immune response appears to follow a relatively similar 
pattern in all studies. The results of the serological assays 
including Rose Bengal, Wright, and 2-ME tests in both 
animal groups, each containing 3 sheep, revealed that 
there was no significant difference in sheep humoral 
immune responses after subcutaneous inoculation of 
the animals with one dose of Razi and Spanish Rev.1 
(CZV) vaccines containing 2×109 CFU/dose attenuated 
B. melitensis. Based on these experiments, it can be 
concluded that the Spanish Rev.1 vaccine (CZV) is not 
superior to the Razi Rev.1 vaccine in the stimulation of 
humoral immune responses of sheep. Therefore, it is 
recommended that vaccines such as Spanish Rev.1 (CZV) 
be imported into the country as minimally as possible and 
the Razi Rev.1 Vaccine be used more frequently since this 
vaccine is produced in our country, it is fully indigenous 
and is always available at a reasonable price compared to 
foreign varieties. However, it is suggested that following 
the inoculation of sheep with these two vaccines, cellular 
immune responses be also evaluated and compared in the 
future researches.
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