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ABSTRACT
Background: Vaccination is the most fundamental strategy in the control and eradication of brucellosis. Several vaccination programs
with different vaccines have been carried out in many countries in which brucellosis continues to be a problem in livestock. One of the
recommended vaccines against brucellosis in cattle is the live Brucella abortus S19 vaccine. The aim of this study is to evaluate the
results of field safety and efficacy trials for the conjunctival Brucella abortus S19 vaccine prior to the mass vaccination program.
Methods: In this study, 81 female cattle were vaccinated with a reduced dose of Brucella abortus S19 vaccine with the conjunctival
route. The immune response after vaccination was investigated by suggested serological tests; namely, Rose Bengal Plate Test,
Serum Agglutination Test and Complement Fixation Test.
Result: No adverse effect was observed within the scope of safety. Isolation of vaccine strain was observed only in a milk sample of
lactating animals. Excluding the diagnosis criteria of the serological tests, humoral immune response was observed in most of the
animals by all the serological tests one month after vaccination. Antibody levels lasted approximately 4 months after vaccination. In
conclusion, the results of this study demonstrated that besides vaccine-induced antibodies, the vaccine including changes in dose
and administration way in this study did not cause any significant risks for the target animals.
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INTRODUCTION
Brucellosis is a common zoonosis worldwide, which is
caused by Brucella (B.) spp. (Godfroid et al., 2005; Songer
and Post 2012; Yumuk and O’Callaghan 2012; Warreth,
2019). The disease is endemic and therefore, poses important
risks in the Mediterranean countries (Warreth, 2019).
Brucellosis in cattle usually occurs due to the B.abortus;
however, B. melitensis and B. suis might be other causes of
the disease (OIE, 2018a; Naveen Kumar et al., 2019). In the
control of brucellosis, three main strategies; namely, hygienic
practices, test-and-slaughter programs and vaccination are
recommended (Nicoletti, 2010). Vaccination of all the
susceptible hosts is the most effective way particularly in the
areas with high prevalence (Briones et al., 2001). B. abortus
S19 vaccine, the first effective vaccine, is commonly used
against brucellosis in cattle (Schurig et al., 2002; Das et al.,
2019; Ravi Kumar et al., 2019) and it is also compared with
other vaccines as a reference vaccine (OIE 2018a). However,
it leads to some possible complications such as abortion in
pregnant cattle (Jimenes de Bagues et al., 1991; Schurig et al.,
2002; Lalsiamthara and Lee 2017).

Based on the colonization of the regional lymph nodes
by vaccine strain and low serological response, the reduced
dose (5x109 colony-forming unit; cfu) of conjunctival S19
vaccine was recommended as the most proper vaccine for
the vaccination of calves and cows (Plommet and Plommet,
1976). Testing for field safety and efficacy is required for
the veterinary vaccines before they are administered to
animals (OIE, 2018b).

In Turkey, several prevalence studies were carried out
in the past in order to decide which vaccination strategy is

needed to be implemented. In 2011 a comprehensive
serological survey results showed that the herd prevalence
rate was (7.8%) in cattle and (22.5%) in sheep. According
to these quite high figures of herd prevalence, The Ministry
of Agriculture and Forestry launched a new vaccination
strategy, in which mass vaccination for all female cattle older
than 3 months old was vaccinated by B. abortus S19 vaccine
through conjunctival route (MFAL, 2012). In this context, this
study aims to investigate the field safety and efficacy of
reduced doses of conjunctival S19 vaccine before the start
of the mass vaccination program.

MATERIALS AND METHODS
In this study, except the animals in the control group (n:9), a
total of 81 cattle aged from 3 months to 11 years old including
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pregnant (n:15) and lactating (n:42) animals were vaccinated
by a reduced dose of S19 vaccine through conjunctival route.
One reduced dose of conjunctival S19 vaccine contains 5-
10 x109 cfu/dose.

The study was conducted in Veterinary Control Institute
after the necessary permission was obtained from the
General Directorate of Food and Control of Ministry of
Agriculture and Forestry related to field trials of conjunctival
anti-brucella vaccines in cattle, which was dated 28.10.2010
and numbered B.12.0.KKG.0.19/108-02/15-2468-48891-
025366.

There were 15 pregnant and 42 lactating cattle in the
vaccinated group. This field study was carried out in 7 farms
in 4 different provinces. The animals in the vaccinated group
were randomly selected. Unvaccinated animals in the herds
were considered as the control group. The field conditions
and rearing practices should be the same as much as
possible (VICH, 2008) for animals belonging to both groups.
Parallel to this, animals in similar herd conditions were used
in this study. All the animals in this study were identified and
monitored according to their ear tag number.

Vaccine product, which is the important component of
the field studies, should belong to two or more production
batches as representing the investigating vaccine (VICH,
2008; OIE 2018b). In this study 3 production batches namely
BA-K/09/01 BA-K/09/02 and BA-K/09/03 of BRUPEN-A
conjunctival vaccines were used. Reduced dose of
conjunctival S19 vaccine from these batches was 8.9×109,
9.1×109, 8.1×109 cfu/dose, respectively, which is in line with
the reduced dose range of the vaccine.

All the procedures included in the safety and efficacy
trials were carried out according to the rules outlined in
manuals (EMEA, 2001; OIE, 2018b). In this study, the
general health status of the animals during 21 days was
observed to see if there is a systemic or local unexpected
reaction after the first administration of the vaccine. Field
safety trials focus on the presence of both local and systemic
reactions such as allergic reactions, mortality, fever (EMEA,
2001). Vaccinated animals were re-vaccinated 4-6 months
after the first vaccination as demonstrated in previous studies
for conjunctival vaccination in cattle (Plommet et al., 1976;
Nicoletti, 1978). A total of 4 animals from 3 different farms
were vaccinated with an overdose of the vaccine. The body
temperature of the animals randomly selected from control
and vaccinated groups was recorded on the first 3 days after
the vaccination. In addition, the effects of single, repeated
and, overdose administration were examined based on the
manual (OIE, 2018b).

2 weeks after the vaccination, nasal and conjunctival
samples were taken from vaccinated animals representing
10% of the whole population. Milk samples were collected
from lactating animals in the next 3 months following the
vaccination and they were bacteriologically examined.
Vaginal swab, colostrum and milk samples were taken
from vaccinated pregnant animals 3 months after delivery
at 2-week intervals. When there was no isolation of Brucella

spp. from a sample after a 6-week incubation period, that
sample was regarded as negative (OIE, 2018a).

One of the main parameters of field efficacy trials is the
indicators for a serological response. Within the scope of
field efficacy trials, blood samples were collected on days
0, 30, 60, 90 in the post-vaccination period from vaccinated
animals representing different ages and physiological
conditions to evaluate humoral immune response. After the
second vaccination (as a booster dose) of the same animals,
the same procedure was followed for 4 months more, which
makes 210 days post-vaccination period in total. Blood
samples of the unvaccinated control group were also
collected.

Blood samples were tested by Rose Bengal Plate Test
(RBPT), Serum Agglutination Test (SAT) and Complement
Fixation Test (CFT) as previously described (Alton et al.,
1988). An animal showing 30 or more IU/ml was accepted
as positive in SAT. On the other hand, sera giving 20
International CFT Unit/ml titre or more were regarded as
positive for CFT (OIE 2018a). Milk samples collected for 3
months after vaccination from lactating animals in different
farms were analyzed via Milk Ring Test (MRT) for the
detection of the antibodies in the milk. MRT enables the
control of the larger amount of samples including pools of
milk (Nielsen, 2002).

RESULTS AND DISCUSSION
We did not observe any local or systemic reactions in the
animals throughout the study. This result is in line with
previous studies (Beckett and MacDiarmid 1985, 1987;
Kumar et al., 2016). In spite of the already existent studies,
there was still a requirement of adequate data from our field
conditions while changing the route and dose of the vaccine
before the beginning of the mass vaccination program.

The results of conjunctival and nasal swab inoculations
on Brucella selective medium are given in Table 1. The
results were expressed as colony-forming units after the 15-
day incubation period.

The results showed that the existence of vaccine strain
on ocular and nasal mucosa for only vaccinated group lasted
for a few days. Vaccine strain isolation was not observed at
the end of 15 days. No vaccine-induced abortion was
observed in any of the 15 pregnant animals. No vaccine
strain isolation was observed in the post-delivery vaginal
swab, colostrum and milk samples of pregnant animals in
the study. It is necessary to control several animal diseases
with the help of vaccination to create an immunized host
population. Therefore, only vaccines, which are considered
to be safe and effective, could be utilized for the control and
maintenance of animal health (OIE, 2018b).

Unlike the pregnant animals in this study, isolation of
vaccine strain occurred in one sample among the milk
samples taken from lactating animals during 3 months in
the post-vaccination period. This isolation took place in the
first month of this 3-month period and it did not continue
afterwards. Vaginal swab and milk samples were also
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negative for the animals in the control group. Possible anti-
brucella antibodies were investigated in milk samples by
MRT. The results of MRT are shown in Table 2.

The positivity rate of MRT at the end of 3 months post-
vaccination decreased to 5.7%. When we evaluate the
immune response detected from sera and milk, the results
of MRT showed that there was a shorter response detected
and a lower level of antibody titre in milk samples. This result
is an expected scenario because milk without an infection
might not include a high antibody titre. Indeed, the milk
sample in which vaccine strain isolation was carried out has
also a positive MRT result and it lasted positive at +++ level
for 3 months. Regarding the results, there was more rapid
clearance of antibodies in the milk than in blood samples.
In this respect, preferring MRT in a dairy herd as a screening
test might be useful for monitoring the disease. Indirect-
ELISA and MRT are considered to be useful screening tests
to monitor dairy cattle by using milk samples (OIE, 2018a).
The humoral immune response detected by 3 serological
tests after the first and the second vaccination was shown
in Tables 3 and 4, respectively.

All the animals belonging to the control group remained
seronegative from the beginning to the end of the study.
Blood samples belonging to Farm-II were found to be
seropositive in the pre-vaccination period and the results of
these animals were not included in the average results
shown in Table 3 and 4. The serological results of Farm-II
after the first and the second vaccination were shown in
Table 5 and 6, respectively.

A high positivity rate for the humoral immune response
was obtained from the first blood samples. However, when
the positivity threshold was taken into account, the proportion
of positive results is not very high. However, cell-mediated
immunity takes an important role in protecting from
brucellosis; therefore, the negative humoral response never
excludes the possibility of being immune to the disease
(Nicoletti, 1990; Schurig et al., 2002). The results of
serological tests revealed that conjunctival vaccination with
reduced dose induced short term antibody persistence
without high antibody titres. The persistence of immune
response was found to be 8 weeks after two vaccinations in
a previous study (Plommet et al., 1976), which was slightly
shorter than that of our results. Therefore, vaccination with
a lower dose by conjunctival route was recommended to
achieve a short-lived antibody response (Simpson, 2018).
This advantage of the conjunctival route vaccination and
reduced dose application may support mass vaccination
programs by reducing the drawbacks of post-vaccinal
serological responses.

Advantages of reduced dose conjunctival vaccination
were also pointed out by other previous studies (Nicoletti et
al., 1978; Jimenes de Bagues et al., 1991). Previous studies,
in which standard and reduced doses of S19 vaccine were
compared, revealed that the reduced dose was not only
effective but it also led to a decline in the persistence of
antibody titre (Alton et al., 1980; Alton and Corner 1981;
Kumar et al., 2016) and vaccine-induced infections in
pregnant cattle (Alton et al., 1980). The main factor behind

Table 1: Post-vaccination results of conjunctival and nasal swabs.

Swab samples 1st day CFU 2nd day CFU 3rd day CFU 7th day CFU 10th day CFU 15th day CFU

Conjunctival 9.2 6.4 3.8 2.4 1.1 0
Nasal 5.8 4.2 2.1 0.9 0 0

Table 2: Post-vaccination results of MRT in lactating cattle.

Post vaccination period Negative +++ ++ + ± Positivity rate

Day 0 35 0 0 0 0  0%
1 month 23 6 2 3 1 34.3%
2 months 31 2 1 0 1 11.4%
3 months 34 1 1 0 0 5.7%
4 months 35 0 0 0 1 0%

Table 4: Post vaccination serological test results following the second vaccination.

1 MPV 2 MPV 3 MPV 4 MPV

RBPT SAT CFT RBPT SAT CFT RBPT SAT CFT RBPT SAT CFT

Positivity rate % 68.8 52.5 22.4 49 34.3 0 14.4 22.8 0 0 8.3 0

*MPV- Month post vaccination.

Table 3:  Post vaccination serological test results following the first vaccination.

1 MPV 2 MPV 3 MPV

RBPT SAT CFT RBPT SAT CFT RBPT SAT CFT

Positivity rate % 72.3 60.4 17.9 52.5 42.8 6.3 24.3 14.6 4.9

*MPV- Month post vaccination.
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this is to receive a low number of bacteria resulting in a
short immune response (Kumar et al., 2016).

The protection by low dose conjunctival S19 vaccines
was also demonstrated similar or even better results with
those of standard dose in guinea pigs (Plommet and
Plommet 1975). The results of another study carried out
with buffaloes revealed that the immune response and the
duration depend on the dose of the S19 vaccine. In addition
to this, an S19 vaccine containing 4x109 cfu/dose, which is
similar to the reduced dose, is recommended to get
adequate protection for buffalo calves (Shome et al., 2020).

Almost all of the vaccinated 3-8 month calves turned
out negative in all serological tests at the end of 8 weeks
after vaccination. On the other hand, the positive results of
older cattle such as heifers and cows lasted for 12 weeks.
Moreover, even at the end of 16 weeks, positive test results
from a few animals were still observed. These results
indicated that there was a positive correlation between the
host’s age and the persistence of the humoral immune
response. It was found out that calfhood vaccination induced
a significant decrease in the percentage of the seropositive
animals by CFT after adult vaccination (Beckett and Mac
Diarmid 1985). None of the animals having an adult
vaccination following the calfhood vaccination remained
seropositive for two years after adult vaccination (Beckett
and Mac Diarmid 1987).

Previous studies revealed that administration of a
reduced dose of the S19 vaccine by conjunctival route does
not create less protection than applying a higher dose by
the subcutaneous way (Nicoletti et al., 1978; Nicoletti 1984).
This route of vaccination with a reduced dose was thought
to build adequate herd immunity (Jimenes de Bagues et al.,
1991). Repeated conjunctival vaccination has an important
advantage to be applied at any age without interfering
significantly with serology. In addition to this advantage, it
was indicated that this repeated administration would provide
efficacy as much as the standard vaccination (Plommet
et al., 1976).

Different administration routes such as subcutaneous,
intradermal, conjunctival were evaluated previously and it
was found out that the administration route had a slight effect
on the efficacy of the vaccine (Nicoletti 1984). Therefore,
the conjunctival administration route and reduced dose of

S19 vaccine followed in this study might be a suitable
combination by providing the necessary efficacy and less
serological interference during mass vaccination programs.

Even though the antibody titres were found to be higher
after the second vaccination, there was not a significant
difference between the two post vaccinations. Infected
animals showed higher antibody titres and longer antibody
latency after vaccination. The seropositivity rate of Farm II
showed higher percentages than other farms based on three
serological tests which were performed 4 months after the
second vaccination. It is an expected result that the
vaccination of animals, which had previous exposure to the
pathogen, creates a stronger secondary immune response
with a longer persistence as a booster effect. Therefore, it
should be taken into consideration that serological
responses detected in herds including infected animals
might last longer following the vaccination.

Antibody titres and the persistence detected by the
serological tests carried out in this study were compared
and positive test results obtained from RBPT and SAT lasted
longer with greater titres than CFT results. Positive results
obtained thorough SAT sustained with an 8.3% positivity
rate while other tests gave negative results 4 months after
the second vaccination in this study. The CFT results are in
line with those of the previous studies in which there was
no seropositivity detected by CFT at the end of 4 months
after vaccination (Jimenes de Bagueset al., 1991). It was
pointed out that the vaccine dose had an effect on false-
positive test results. In addition, even if the standard dose
or reduced dose were utilized, SAT and card test presented
greater antibody levels and longer antibody persistence than
rivanol or CFT tests (Nicoletti, 1984).

Two main characteristics of an ideal vaccine are its safety
and its protective effect (Lalsiamthara and Lee, 2017). Vaccine
efficacy and immunization coverage are the key factors to
finalize the vaccination program successfully. Prevention of
serious epidemic actually depends upon the high level of
vaccine efficacy and coverage (Asokan, 2009). It should also
be taken into consideration that the effectiveness of a vaccine
in the target hosts is diversified by several factors such as
feeding, environmental stress, vaccination dose,
administration route, immunization and disease prevalence
in herds (Schurig et al. 2002; Shome et al., 2020).

Table 5:  Post vaccination serological test results of farm II following the first vaccination.

FARM II Day 0 1 MPV 2 MPV 3 MPV

RBPT SAT CFT RBPT SAT CFT RBPT SAT CFT RBPT SAT CFT

Positivity rate % 28.6 28.6 14.3 85.7 50 28.6 50 42.8 14.3 57.1 35.7 14.3

*MPV- Month post vaccination.

Table 6: Post vaccination serological test results of Farm II following the second vaccination.

FARM II
1 MPV 2 MPV 3 MPV 4 MPV

RBPT SAT CFT RBPT SAT CFT RBPT SAT CFT RBPT SAT CFT

Positivity rate % 92.8 57.1 28.6 85.7 42.8 21.4 71.4 35.7 7.1 57.1 28.6 7.1

*MPV- Month post vaccination.
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CONCLUSION
In conclusion, a reduced dose of B.abortus S19 vaccine
administered via conjunctival route is considered to be
safe and it reduces the risk of vaccine-induced abortion
and excret ion from vagina and milk . W ith these
advantages, it does not pose any threat to public health.
It can be used as a suitable vaccination strategy for cattle
against brucellosis in  our field condit ions in which
subcutaneous vaccination with standard dose was applied
for many years and it is particularly compatible with control
programs for brucellosis. The findings of this study are
considered to be significant to see the possible variations
unique to this study’s field conditions and the herd status
before the mass vaccination.
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