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ABSTRACT

Background: Live attenuated Brucella abortus strains 19 and RB51 vaccines have been used as a key method
for the control and eradication of brucellosis in cattle worldwide for decades. Due to certain limitations of
these live vaccines, research has been undertaken for the development of an ideal more effective and safer
vaccine for animals and human brucellosis.

Objective: The main objective of this study was to compare the humoral immune responses (HIR) between the
heat-inactivated Brucella abortus biovar 3 and attenuated live RB51 vaccines in native cattle of Bangladesh.
Materials and Methods: The methods of isolation, identification, preparation of inoculum dose (10 x 10°
cfu/5 ml) and heat inactivation of B. abortus biovar 3 was followed as described earlier. Each of the three B.
abortus sero-negative native cows was inoculated with heat-inactivated B. abortus vaccine @ 5.0 ml (10 x 10%°
cfu /5 ml)/ cow SC single injection. Similarly, each of five native calves of 6 to 9 months old was inoculated
with live attenuated RB51 vaccine (CZ Veterinaria, SA, Spain) @ 2.0 ml (10-34x10%) SC as single dose. The
sera of cows were collected at 0, 7, 14, 21, 28, 40, 60 and 90 days post vaccination, whereas the sera of the
calves were collected at 0, 7, 14, 21, 28, 60, 90, 120, 150 and 180 days post-vaccination. All the collected sera
of both the groups were tested to evaluate antibody titer by RBT followed by ELISA with commercial tests
kits.

Results: The HIR of the cows inoculated with heat-inactivated vaccine showed antibody (Ab) titer started to
rise significantly (p < 0.05) from the 14 days (OD 0.2116 + 0.0397, Ab titer 1:120) and reached a peak level at
28 days (OD 0.319 + 0.172, Ab titer 1:800) and then started to decline significantly (p < 0.05) from 40 days
(OD 0.234 + 0.0415, Ab titer 1:35) to 60 days (OD 0.094 + 0.0075, Ab titer 0). The mean Ab titer in calves
inoculated with RB51 vaccine showed that Ab titer started to appears insignificantly (p > 0.05) from day 7
(OD 0.094 + 0.01603) and reached peak level at day 60 days (OD 0.592 + 0.398), changes are very significant
from day 0 (p < 0.05), after 60 days Ab level start to decrease and reach at lowest level at day 150 (OD 0.112 +
0.0188), Ab level found similar to day 0 (OD 0.0826 + 0.00517) at 180 days (OD 0.0822 + 0.00249).
Conclusions: The S19 and RB51 are the approved B. abortus vaccine strains have been widely and
successfully used with some limitations to prevent bovine brucellosis worldwide. In addition to live attenuated
and inactivated vaccines, recombinant genes, proteins, vectors, DNA and recombinant mutant vaccines have
also been evaluated for the prevention of brucellosis but further research would be required to develop an ideal
vaccine for both the humans and animals.
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INTRODUCTION

Vaccines and vaccinations are used for making the population immune (resistant) to natural
infection but the success of any vaccination program depends mainly on the effectiveness of the
vaccine used and its coverage in the target population." Bovine brucellosis in some developed
countries has been controlled by using vaccination and culling the affected cattle from the herd
and vaccination has considered as the only key method to control brucellosis but it has some
limitations to eradicate this disease. However, only four live attenuated B. abortus strains (S19,
RB51, 45/20 and SR82) have been used in cattle immunization but S19 and RB51 are most
widely used vaccines to prevent bovine brucellosis in the world.”® The live attenuated B.
abortus S19 vaccine is the first vaccine to be used extensively for the prevention of brucellosis
in cattle and it still remains the reference vaccines to which other vaccines have been compared
and evaluated.' The B. abortus S19 was isolated in 1923 from milk of a Jersey cow by Dr. John
Buck.® This virulent culture was accidentally left out at room temperature for one year and
when tested in guinea-pigs showed lower virulence compared with previous tests.’
Subsequently, S19 showed to be highly successful in immunization of calves® and its efficacy
was proved by experimental tests in cattle® and under field conditions.” This live vaccine is
normally used in female calves aged between 3 and 6 months as a single SC dose of 5-8 x 10™°
viable B. abortus organism.'® However, it does not permit discrimination of antibodies between
natural infection and vaccinated animals. In addition, low rate (1.5%) of abortion, passed
through 10% milk samples and significant reduction in milk production has been reported with
B. abortus S19 vaccination*>® and remains the source and pathogenic to humans." The B.
abortus strain RB51vaccine is a rough attenuated organism which was originally derived from
a rifampicin-resistant mutant of B. abortus strain 2308 and has replaced B. abortus S19 strain
as a vaccine strain in some developed countries.’®*! The RB51 is a very stable strain and it has
no or highly reduced virulence to cause abortion in cattle."* The protective efficacy and
immunity induced by RB51 strain has been reported to be similar to or better than induced by
strain $19."*** The recommended dosage for RB51 calf-hood vaccination is 1.0-3.4 x 10%
CFU.”> However, this vaccine organism is still infectious to humans and even the vaccinated
cattle with RB51 have been reported to be susceptible to brucellosis.***> The B. abortus 45/20
is a rough strain which was isolated from smooth strain 45/0 following 20 passages in guinea-
pigs and its vaccine has been used in guinea-pigs and cattle to prevent Brucella infection but
the reversions to the wild smooth type has limited its use as a live vaccine.’®*” Accordingly,
this vaccine is prepared only as heat-inactivated B. abortus biovar 1 rough strain 45/20
combined with oil adjuvant to avoid reversion to a virulent strain for use in adult cattle.”® It
does not interfere with serological diagnosis and it is safer in pregnant animals but only has
been tested in some countries.” The SR82 strain is a B. abortus biovar 6 live attenuated vaccine
used since 1974 by the former USSR for the control of bovine brucellosis.*® The SR82 induced
protection level similar to S19 and reported to be effective under field conditions.*%
Currently, this vaccine is used in the Russian Federation, Azerbaijan, Tajikistan and other
countries.® The inactivated vaccines of B. abortus strain 45/20 in cattle and sheep and B.
melitensis H38 in mice and cows have been evaluated but lack of sufficient protection after
challenge.”* Recent developments to improve brucellosis vaccines include generation of
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knockout mutants by targeting genes involved in metabolism, virulence and the
lipopolysaccharide synthesis pathway as well as generation of DNA vaccines, mucosal
vaccines and live vector vaccines have all evaluated with varying degrees of success.*
However, the isolation and characterization of B. abortus biovar 3,%* therapeutic trial of
chronically B. abortus infected cattle”® and evaluation of inactivated B. abortus vaccine in
guinea-pigs®* have been studied in Bangladesh. This paper describes the comparison of
humoral immune responses between the attenuated live RB51 and experimentally produced
inactivated B. abortus vaccines in cattle of Bangladesh.

MATERIALS AND METHODS

The B. abortus organism was isolated from the aborted fetal membranes of four cows aborted
between 5" to 8" months of pregnancy at the Central Cattle Breeding and Dairy Farm
(CCBDF), Savar, Dhaka and the methods for isolation and identification of B. abortus have
been described.?* The B. abortus was confirmed by Polymerase chain reaction (PCR) using B.
abortus specific 1S711 primer.”

Total viable count (TVC) from broth by using pours plate method
The TVC was detected by pour plate technique using tenfold serial dilution for the counting
cfu / ml of B. abortus from broth for dose calculation of heat killed vaccine.

Centrifugation for bacterial pellet formation
Centrifugation of 400 ml of the cultured broth were performed three times at 10,000 rpm for
15 minutes and bacterial pellets were washed with PBS every time after centrifugation.

Preparation of required dose for killed vaccines

The bacterial pellet was mixed with required amount of PBS to obtain 10 x 10 cfu
organisms in 5.0 ml dose for inoculation in each experimental cow and homogenization was
performed using vortex machine.”®

Heat inactivation of the organism
The prepared doses of the selected B. abortus organisms were inactivated by heating the
suspension at 80°C for 90 minutes in water-bath for producing heat-inactivated vaccine.?

Preparation of experimental cattle

Three native cows with same age groups were selected for inoculation of inactivated B.
abortus vaccine and five native calves with 6 to 8 months old reared in Veterinary Teaching
Hospital, BAU, Mymensingh, Bangladesh for this purpose.

Immunization of cows with heat-inactivated vaccine

Each of the three cows was inoculated with the heat-inactivated B. abortus vaccine
suspension @ 5.0 ml (10 x 10 cfu)/ cow subcutaneously.”® The immunized cows were
observed for 3 months.
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Immunization of calves with live attenuated B. abortus strain RB51 vaccine

The B. abortus strain RB51vaccine was imported from Spain (CZ Veterinaria SA, Spain) and
2.0 ml of the vaccine contains 10-34 x10° cfu organisms, one vial contains 25 doses in powder
forms and suspension is made by mixing with diluent supplied with the vaccine as directed by
the manufacture instructions. Each of the experimental calf was inoculated strain RB51 vaccine
@ 2.0 ml subcutaneously in neck region. The immunized animals were observed for six months
with especial emphasis to two to three hours post-vaccination for any immediate untoward
reactions.
Collection of blood and sera samples from cattle

Approximately 10 ml of blood samples were collected from the jugular vein of each of the
experimental cow at 0, 7, 14, 21, 28, 60 and 90 days post-immunization with heat-inactivated
vaccine. Similarly blood samples were collected from each of calf at 0, 7, 14, 21, 28, 60, 90,
120, 150 and 180 days post-immunization with live attenuated strain RB51 vaccine. Then sera
were separated from all the collected blood samples by centrifugation at 1500 rpm for 10
minutes by using conventional method. All the collected sera were stored at -20°C for
reciprocal antibody titer by Rose Bengal Test (RBT) and Enzyme-Linked Immunosorbent
Assay (ELISA).

Reciprocal antibody titer by RBT

The RBT was performed to determine the reciprocal antibody titer based on the procedure
described by the kit manufacturer.?’ Briefly, 30 pl of antigen was placed on a fine plastic plate
circled approximately 1.5 cm in diameter and two fold dilutions of 30 pl of tested serum was
performed (1:5, 1:10, 1:20, 1:40, 1:80 respectively up to the dilution where agglutination stop)
with the use of PBS and was put beside each of the antigen respectively up to the disappearing
of the agglutination. The antigen and serum were mixed on the plate with a stirrer and rotated
for four minutes.

Application of ELISA

Level of antibody was detected by antibody test ELISA Kit (IDEXX Montpellier SAS,
France) according to the protocol of the manufacturer and reading was performed by automated
ELISA reader.
Procedure of ELISA

All reagents were equilibrated at room temperature and the coated plate were removed from
the foil sachet and inserted into the strip holder. Four micro-wells were required for control
(two positives and two negative controls). 190 pl of dilution buffer N.2 was dispensed into each
well. 10 pl of undiluted positive and negative control solution were pipetted into the respective
control wells. 10 ul of undiluted samples were dispensed into remaining wells and gently
mixed after tapping. Then the plate was incubated for one hour at room temperature. Then each
micro well was washed with washing solution for three times. 100 ul of conjugate was added to
each well and sealed the plate following incubation for 30 minutes at room temperature and
then washed with the washing solution for three times. 100 ul TMB substrate was added to
each well and kept for 20 minutes at RT away from direct light. Finally, 100 pl of stop solution
was added to each well and OD value was read at 450 nm within 5 minutes.
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Statistical analysis

The t-test was used for statistical analyses by using SPSS program version 22 computer
program to find the significant different antibody level detected by ELISA. P value < 0.05 was
assumed for statistical significance.

RESULTS

The humoral immune response (antibody titer) between experimentally produced heat
inactivated B. abortus biovar 3 and the commercially available attenuated B. abortus strain
RB51 vaccines were compared in guinea-pigs, cows and calves (Table 1). It appears from
Table 1 and Graph 1 that the reciprocal antibodies was 0 with RBT and mean OD value was
0.0868 + 0.0069 with 0.106 as negative control. The cows immunized with inactivated vaccine
showed reciprocal antibodies titers with RBT were found 1 : 50 at 7 days, 1 : 120 at 14 days, 1 :
400 at 21 days, 1 : 800 at 28 days, 1 : 35 at 40 days and 0 at 60 days.

The graph 1 shows that the reciprocal antibody titer was 0 at the pre-inoculation day of heat-
inactivated B. abortus vaccine and started to rise from the 14 days and reach a peak level 28
days and then started to decline up to 60 days and at antibody level was similar to the day 0 of
inoculation (Fig. 1).

Receprocalantibody titre
H
=

[=] H

B

0 7 14 21 28 &0
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Fig. 1: Rose Bengal Test (RBT) antibody titer in native cows immunized with locally isolated Brucella
abortus biovar 3 heat-inactivated vaccine.

It appears from Table 1 and Graph 2 that the mean ELISA antibody titer in case of RB51
vaccinated calves start to increase at 7 days of post-vaccination (OD value 0.091 + 0.01603)
and then increased gradually and reached at peak at day 60 (OD value 0.592 + 0.398). After
sixty days it start to decline and reach lower level at day 150 (OD value 0.112 + 0.0188) and at
day 180 (OD value 0.0822 + 0.00249) antibody titer was found similar to day 0 (0.0826 +
0.0051).
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Table 1. Comparison of humoral immune response (antibody titer) in cattle and guinea-pig immunized
with locally produced inactivated and commercially produced attenuated live Brucella abortus

vaccines
SNParameters Test Guinea-pigs™ Cows Calves
used (n=4) (n=3) (n=5
1. Types of vaccine used - Inactivated Inactivated Attenuated live
2. B. abortus strain/biovar - Biovar 3 Biovar 3 SRB 51
3. Dose of vaccine (cfu) - 20ml (4x10°) 50ml(10x 10  2.0ml (34 x 10°)
4. Route of administration - Subcutaneously Subcutaneously Subcutaneously
5. Total observation period - 9 wks (63 days) 12.86 wks (90 days) 25.71 wks (180 days)
6. Ab titer / OD values
Pre-immunization RBT 0 0 =
(day 0) ELISA 0.0945(0.106) 0.0868 + 0.0069 0.0826 + 0.0051
Post-immunization:
07 days (1*" week) RBT 15 1:50 -
ELISA 0.1025 0.1047 £ 0.0112 0.091 + 0.01603
14 days (2™ week) RBT 1:120 1:120 -
ELISA 0.2287 0.2116 £+ 0.0397 0.1012 +0.0226
21 days (3" week) RBT - 1:400 -
ELISA - - 0.3338 £ 0.229
28 days (4™ week) RBT 1:800 1:800 -
ELISA 0.2842 0.3190 + 0.172 0.463 + 0.3326
40 days (-) RBT - 1:35 -
ELISA 0.234 £ 0.0415 -
42 days (6™ week) RBT 1:35 - -
ELISA 0.1832 - -
60 days (-) RBT - 0 -
ELISA - 0.094 + 0.0075 0.592 + 0.398
63 days (9™ week) RBT 0 - -
ELISA 0.1015 - -
90 days (-) RBT - - -
ELISA - 0.0821 + 0.00705 0.3202 £ 0.1993
120 days (-) RBT - - -
ELISA - - 0.24 £ 0.1697
150 days (-) RBT - - -
ELISA - - 0.112 +0.0188
180 days (-) RBT - - -
ELISA - - 0.0822 + 0.00249
Mean + SD - = Not tested
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Fig. 2: Comparison of the ELISA antibody titer between the locally isolated Brucella abortus biovar 3
heat-inactivated and the commercial live attenuated B. abortus strain RB51 vaccines in cattle

DISCUSSION

There is no licensed vaccine for prevention of human brucellosis and therefore, the
vaccination in animal is a major factor for the control and eradication of brucellosis in both
animals and humans. WHO has recommended the general strategies to eradicate brucellosis
are: (a) prevention of spread between and monitoring of brucellosis-free herds and zones,
(b) elimination of infected animals by test and slaughter programs to obtain brucellosis-free
herds and regions and (c) vaccination to reduce the prevalence.”

The vaccination programs minimized the economic losses due to abortion, infertility, and
weak offspring and decreased milk production.” The vaccine programs are currently based on
control of brucellosis mainly due to B. melitensis and B. abortus.?® The attenuated live and
inactivated vaccines have been evaluated to prevent brucellosis but attenuated live vaccines
have been shown to be superior protective immunogen against the facultative intracellular
Brucella organism.** When live vaccine administered in the animals, the organism present in
the live vaccine is allowed to multiply within the host cells allowing in vivo gene expression
and the cell mediated and long lasting immunity developed.®

The use of live attenuated vaccines against brucellosis represents a risk due to its potential
ability to revert to virulence, cause abortion in pregnant animals, shed in milk and infect
humans come into contact with the vaccine like farmers, abattoir workers and veterinarians.*
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A wide variety of killed vaccines have been evaluated for prevention of brucellosis but none
have approached the protection levels afforded by the live attenuated vaccines.*® The killed
vaccines of B. abortus strain 45/20 was used in cattle and sheep and B. melitensis strain H38
vaccine was tested in mice and cows but lack of sufficient protection after challenge but
induced persistent antibody titer. Brucella specific antibodies have important roles at the initial
phase of a Brucella infection but they have limited roles following intracellular localization.
The strong humoral immunity unaccompanied by cell-mediated immunity (CMI) cannot
provide total protection against Brucella organism.™

An ideal Brucella vaccine for both humans and animals should be effective, a-virulent and
induce long-lasting protection but the currently used and evaluated live attenuated and
inactivated vaccines cannot full the characteristics of an ideal Brucella vaccine.*® The
recombinant genes, proteins, vectors, DNA and recombinant mutans have been evaluated as
vaccines which are promising vaccine candidates because they are less bio-hazardous, well-
defined, a-virulent, non-infectious and nonviable. Several antigenic fractions extracted from
Brucella have been tested as a vaccines with adjuvants which included cell envelopes,® outer
membrane proteins,**** insoluble residues of hot sodium dodecyl sulfate (SDS) extracts of cell
envelopes,® phenol insoluble (P1) fraction,** soluble SDS extract,” Brucella soluble antigens,*
periplasmic proteins and salt extractable proteins,***’ chemically modified Brucella proteins,*®
smooth and rough LPS,* recombinant Cu-Zn superoxide dismutase and synthetic peptides™
and whole killed cells.*® The protection was only conferred by Pl fraction vaccine which lasted
around 18 to 24 months in laboratory workers.** However, these inactivated tried vaccines were
not caused infection but poor protection, local reaction at the site of inoculation and interfere
with sero-diagnosis ended their research activities at the laboratories stage. Moreover, these
new vaccines are mainly evaluated in mice model and have not been properly tested and were
not effective in the target cattle species.’

Recently, locally isolated B. abortus biovar 3 has been evaluated as an inactivated vaccine in
guinea-pigs® and an attempt has been made to compare the humoral immune responses
between the inactivated locally isolated B. abortus and live attenuated commercial RB51
vaccines in cattle. The antibody response induced by the immunization with heat killed isolate
of B. abortus has been reported as reciprocal antibody titer by using ELISA test.””* The
antibody response was recorded from the first week and reached a peak level at fourth week of
post-immunization with heat-inactivated B. abortus vaccine. This immune response was due to
the use of a single dose vaccine without any booster or adjuvant. These findings support the
earlier report in which the killed vaccine prepared from B. abortus smooth strain 544 with
adjuvant (water-in-oil emulsion) induced 230-fold more protective immunity in guinea-pigs
than the same without any adjuvant.*

The humoral immune responses recorded in calves immunized with the live attenuated RB51
vaccine in this study are in accord with the results in buffalo calves immunized with the same
B. abortus vaccine.** The antibody was started to appear at day 6 post-vaccination and
constantly persists the peak antibody level for two months and then progressively decreased.
All vaccinated animals remained negative from day 162 post vaccination to the end of the
study. The results of this study confirm the possibility of using I-ELISA to identify RB51
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vaccinated calves and moreover, monitor antibody responses to RB51 vaccination up to 180
days. These observations corroborate with the findings that the cattle vaccinated with RB51
acquired detectable immune responses four weeks post immunization,”> a peak in antibody
response in adult cattle vaccinated with RB51 at day 30 by employing an I-ELISA*® and
significant difference in dot blot antibody titers of vaccinated and control buffaloes four weeks
post immunization.*” Adult vaccinated buffaloes have reported to develop higher levels of
serum antibodies followed by heifers and calves during the initial four months of experiment
which may be attributed to increased immune-competence or delayed clearance of vaccinal
organism from sexually mature animals. The CFT titers retained in more than 80% of 6 t010
months old animals for more than four months whereas the overall antibody titers waned out
earlier in calves than heifers and adults.”’

When the data of individual animal was evaluated for persistence of positive titers, it was
observed that all of the calf’s maintained absorbance values above the cut off (threshold point)
after 120 days whereas only one to two calves retained the titers for 150 to 180 days. These
results are in consistence with the report in adult cattle*® and the titers above the threshold
values up to seven months in 6 to10 months old buffaloes have also been reported.*’

Cattle vaccinated with higher (1.8 x 10'° CFU) dose of B. abortus RB5 produced significant
antibody level earlier (seventh day) than those with lower (1 x 10'° CFU) dose (21st day) and
the antibody persisted longer (up to 150 days) with higher dose in compare to the lower dose
(only up to 120 days). However, both the groups showed maximum immune responses on the
same observation period on 60th day.*’

The live attenuated B. abortus RB51vaccine administered at recommended dose at calf-hood
failed to protect water buffalo from natural exposure to B. abortus biovar 1.*° The elk (Cervus
elaphus) vaccinated with RB51 didn’t protect from natural infection and abortion.”* The poor
cell-mediated immune response might be the reason for this vaccine inefficacy.’*>*

The comparative results on the humoral immune responses between the inactivated B. abortus
vaccine in cows and live attenuated RB51 vaccine in calves revealed higher antibody responses
with RB51 vaccinated calves than the cows immunized with inactivated vaccine and even the
antibody titer in cows ended earlier in cows immunized with inactivated vaccine.

CONCLUSIONS

Most of the evaluated reports on immune responses and efficacy of inactivated vaccines of
B. abortus in animals have shown discouraging results against natural infection in comparison
to live attenuated vaccines elsewhere. An attempt was made for the first time in Bangladesh to
compare the humoral immune responses between the locally isolated B. abortus heat-
inactivated vaccine and the commercial live attenuated B. abortus RB51 vaccine in cattle. The
peak antibody titer and its persistence duration were found lower in heat-inactivated vaccine in
comparison to attenuated live vaccine. However, higher antibody responses with longer
persistence time have been reported with inactivated vaccines added with adjuvant which has
not been tried in this experiment. Therefore, research on the efficacy of inactivated B. abortus
vaccine could be assessed with adjuvant added vaccine followed by challenged infection in
cattle. Moreover, currently used and evaluated all types of brucellosis vaccines including
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cellular vaccines are not without limitations and accordingly, the search for highly effective and
safe ideal brucellosis vaccines remains active in the world. So, further research will be required
to fully evaluate the benefits and risks of a-cellular vaccines for the prevention of brucellosis in
animals and humans.
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