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Abstract: This study was aimed to determine the humoral immune response that was induced by different
Brucella proteins extract. Humoral immune response was assessed by Rose Bengal test (RBT), indirect ELISA
(IELISA) and complement fixation test (CFT) using both smooth and rough Brucella antigens. Six groups of
ewes were used to evaluate serological responses following inoculation of soluble Brucella proteins (SBP) and
Hot Saline Extract (HSE) that was mixed with or without Montanide-206 in comparison to Rev-1 vaccinated and
PBS inoculated groups. With respect to Rev-1 vaccinated group, SBP and HSE induced a satisfactory humoral
immune response. Protective activity of these proteins were measured against Egyptian isolate of Brucella
melitensis biovar 3 in Balb/C mice where SBP and HSE give significant protection in comparison with Rev-1
vaccine with respect to PBS inoculated control group.
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INTRODUCTION whole flock vaccination should precede any test and

Brucellae are Gram-negative intracellular bacterial significantly reduced this policy called Mass Vaccination.
pathogens of both human and animals. Brucella Vaccination is the most suitable way to control infections
melitensis, besides its important zoonotic aspect, it is the in sheep in endemic situations. Vaccination of sheep is
most relevant etiologic agent of ovine and caprine carried out with living Brucella melitensis Rev-1 vaccine
brucellosis, a disease that causes abortion in ewes and using the recommended subcutaneous dose 1-3 X 10
goats resulting in huge economic losses, particularly in CFU/dose [4-6]. However, the use of this living vaccine is
Mediterranean countries. Brucella ovis infection is not known to induce antibody responses indistinguishable by
considered as a zoonotic disease but it is responsible for the current conventional serological tests from those
epididymitis, abortion and infertility in sheep, which observed in B. melitensis infected animals [7]. This fact
causing large economical losses world-wide [1, 2]. In limits the extended use of Rev.1 in countries applying
Egypt and Middle East, the most predominant cause of eradication programs based on serological testing and
brucellosis in all animals species is Brucella melitensis slaughtering of seropositive animals. Also, in the live
biovar 3 [3]. Control of brucellosis in Egypt depends on attenuated Brucella vaccines especially Rev-1 vaccine,
test and slaughter policy and vaccination of Brucella free some other problems can be occurred such as having
animals but this policy is not realistic in the majority of virulence and cause infection and abortion of pregnant
places where B. melitensis is endemic due to lack of ewes and human infection in addition to cause false
financial resources needed for compensation. positive results in the diagnostic  tests  [8-10].  There
International agencies have therefore proposed that were many trials to use and  evaluate  sub-cellular

slaughter program, until disease prevalence is
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vaccines as OMP, LPS, soluble Brucella  protein   (SBP) BALB/c Mice Inoculation: Six groups of six-week-old
and  killed  rough  vaccines (as S45/20) in mice and sheep female BALB/c mice (Tuderbelharus Institute, Cairo) were
to overcome disadvantages of living vaccines which may used in this study. Four groups were inoculated S/C with
transferred infection to human. These types of vaccines 0.8  mg  of  HSE,  HSE mixed with Montanide-206 (ISA
were given significant humoral immune response and Sepic, France) in ratio of 1:1, SBP or SBP mixed with
protection in mice with respect to vaccinated and Montanide-206 in ratio of 1:1, respectively. The fifth
unvaccinated groups in addition to safety for  human group was vaccinated with Rev-1 vaccine at the dose of
[11]. This study was aimed to evaluate a humoral immune 1 X 10  CFU [17], while the sixth 6  group was inoculated
response induced by Lipopolysaccharide (LPS, Hot Saline with PBS. The fifth and sixth groups were used as positive
Extract) and Soluble Brucella Proteins (SBP, periplasmic and negative control groups respectively. Thirty days
proteins) in sheep using smooth and rough Brucella later, each mouse was challenged with B. melitensis
antigens and trials to strength this immune response biovar 3 strain isolated from infected sheep (Egyptian
using strong adjuvant as Montanide-206 as a periliminery isolate) in a dose of 2-4 X 10  CFU intra-peritoneally [17].
study to use these proteins as a safe vaccine for control Inoculums (either Rev-1 vaccine, Hot Saline Extract (HSE),
of ovine brucellosis and also to evaluate the protective SBP and challenge strain) were prepared in sterile 10 mM
activity of these proteins in Balb/C mice. PBS (pH 6.85) and doses were adjusted to 0.1 ml

MATERIALS AND METHODS were chosen on the basis of previous experiments with

Strains: Brucella abortus S19 (CITA, Zaragoza, Spain) mouse were euthanized 15 days post-challenge and
was used for preparation of smooth lipopolysaccharide spleens were removed aseptically and splenic growth in
antigen (S-LPS, Hot Saline Extract) and soluble Brucella mice was made according to Plackett et al. [12].
protein  (SBP)  according  to  Plackett  et al.  [12]  and
Yifan et al. [13], respectively. Brucella abortus RB51 RESULTS AND DISCUSION
(CITA, Zaragoza, Spain) was killed and used as a whole
cell coating antigen for  IELISA.  Field  isolate was Collected ewes serum was tested using Rose Bengal
recovered from aborted ewes (Egyptian  isolate)  and  was Test (RBT), Modified RBT (MRBT), CFT and IELISA.
identified biochemically, serologically [14] and by using CFT were carried out according to Alton et al. [14] and
multiplex PCR [15] as Brucella melitensis biovar 3, this were assessed by the Australian standard method.
isolate was used as a challenge strain. Complement fixation at a dilution of 3 log 2 (1:8), the level

Vaccine: Brucella melitensis Rev-1 vaccine (CZ Animal Health, was regarded as a positive reaction. Serum
Veterinaria, S.A., Spain) was used for vaccination of samples were titrated 1:4 to 1:128 in the CFT. Titers that
sheep and Balb/C mice as a positive control groups. were determined by the CFT were expressed as log 2 of

Animal’s Inoculation reaction occurred [20, 21], While IELISA was carried out
Sheep Inoculation: Eight to 14 months old ewes were according to Alton et al. [14] using S-LPS and rough
inoculated S/C with 8 mg of HSE, HSE mixed with Brucella antigen as coating antigens. Cut-off line was
Montanide-206 (Sepic, France) in ratio of 1:1, SBP or SBP calculated according to Colby [22]. For the vaccinated
mixed with Montanide-206 in ratio of 1:1 respectively. animals, the IELISA and the CFT were assessed by
Rev-1 vaccinated ewes at the recommended dose “1-3 X comparing the number of weeks after inoculation that
10 CFU/dose and PBS inoculated ewes were used as each test was positive. The serological results indicated9

positive and negative control groups respectively. Serum that samplings prior vaccination were 100% negative to all
samples were collected every week over a period of 6 the techniques, while one week after vaccination all the
months and were tested for humeral immune responses animals groups (except those inoculated with SBP when
using indirect ELISA (IELISA) (using HSE and rough tested with CFT) were positive reactors. Using rose
Brucella antigen as coating antigens), CFT and Rose bengal test, mean serum antibody responses of sheep
Bengal Test (RBT) according to Alton et al. [14] and vaccinated with Rev-1, adjuvanted SBP and adjuvanted
Modified  Rose  Bengal  Test  (MRBT) according to HSE  begins  with  high  antibody  titer  from 1   week
Blasco et al. [16]. post-vaccination  (WPV)  and  then it decreased gradually

5 th
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administered to each mouse. Doses and time intervals

sub-cellular brucellosis vaccines in mice [9, 18, 19]. All

which was recommended by the Australian Bureau of

the reciprocal of the last dilution at which a positive
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Fig. 1: Mean serum antibody responses of sheep vaccinated with Rev-1 vaccine, Soluble Brucella Proteins (SBP) and
SBP mixed with Montanide-206 measured by CFT

Fig. 2: Mean serum antibody responses of sheep vaccinated with Rev-1 vaccine, Hot Saline Extract (HSE) and HSE mixed
with Montanide-206 measured by CFT

to be moderate titers in adjuvanted SBP and adjuvanted In contrast with smooth Brucella strains, Brucella
HSE inoculated animals at the end of the study and rough strains is devoid of O-LPS which is very important
approximately negative at 18  WPV in sera of Rev-1 in serological test used for diagnosis of brucellosis due toth

vaccinated ewes. Antibody response to SBP began week infection with smooth Brucella isolates. HSE and SBP are
at 1  WPV to be strong response from 2  WPV while highly contaminated with S-LPS and contain also the mostst nd

reaction began strong from 1  WPV in case of vaccination immunogenic proteins (OMP) [23]. Depending on thisst

with  HSE. Titers  decreased dramatically to be negative fact, rough Brucella antigen was used in this study as a
16  and 6  WPV respectively. Assessment using MRBT, coating antigen in IELISA for evaluation of immunogenicth th

sera of Rev-1, SBP mixed with adjuvant and HSE mixed efficiency of proteins of adjuvanted (long duration of
with adjuvant inoculated animals groups reacted immunity)  HSE  and SBP excluding the effect of S-LPS.
positively and strongly from 1st WPV till end of the study Fig. 5 showed that the immune responses of all vaccinated
while in case of Rev-1 vaccinated animals group, titers ewes remained satisfactory along the entire period of the
decreased  gradually to be moderate at the 22  WPV. study with highest titer of Rev-1 group and this may bend

Positive reaction decreased dramatically to be nearly attributed to the high content and concentration of
negative at 22  and 13  WPV in case of sera of ewes immunogenic proteins in Rev-1 whole cells than that ofnd th

inoculated with SBP and HSE inoculated groups HSE and SBP contents which is highly contaminated with
respectively. O-LPS.

As shown in Fig. 1 and 2, results of CFT on Mice  were  challenged  with  virulent   local  isolate
vaccinated animals sera revealed that the highest immune (B. melitensis biovar 3) to examine the efficacy and
response was in ewes vaccinated with SBP mixed with protection  induced  by  different   protein  preparations.
Montanide-206 group while sera of ewes vaccinated with In this experiment, protection was defined as a significant
HSE give unsatisfactory immune response Fig. 3 and 4 reduction in the number of bacteria in the spleens of
showed that the result of IELISA using HSE as a coating immunized mice compared to the mice receiving PBS i.e.
antigen was in agreement with that of CFT with vaccine efficacy was calculated by comparing the log
satisfactory results in all groups along the entire period of units of bacterial burden in the spleens of the different
the study except with that of HSE vaccinated group. groups.
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Fig. 3: Mean serum antibody responses of sheep vaccinated with Rev-1 vaccine, Soluble Brucella Proteins (SBP) and
SBP mixed with Montanide-206 measured by IELISA using S-LPS as a coating antigen

Fig. 4: Mean serum antibody responses of sheep vaccinated with Rev-1 vaccine, Hot Saline Extract (HSE) and HSE mixed
with Montanide-206 measured by IELISA using S-LPS as a coating antigen

Protection activity and efficacy conferred by SBP and and according to the dose of challenge and to the
HSE against field isolate was measured in Balb/C mice virulence of strain used in challenge. Our results were
using Rev-1 vaccinated and PBS inoculated groups as higher than 2.5 even with positive control group (Rev-1
control groups. Fig. 6 showed that the protection activity inoculated group) and this may be due to the higher dose
conferred by SBP, SBP mixed with montanide 206, HSE of challenged isolates (2-4 X 10 CFU) according to
and HSE which mixed with montanide 206 inoculated Bosseray [18] than that advised by OIE [17] (1 X 10  CFU).
groups were statistically significant with respect to Rev-1 The differences between the protection afforded by SBP,
vaccine and PBS inoculated groups. Mean of protection SBP mixed with montanide 206, HSE, HSE mixed with
activity of SBP and SBP mixed with montanide 206 groups montanide 206 inoculated groups or Rev-1 were not
was 3.4 and 2.81 respectively. While the mean log titers statistically significant. These results are in agreement
were 3.5 and 2.99 for HSE and HSE mixed with montanide with  those  reported  by  Bowden  et  al. [24], Cloeckaert
206 inoculated groups respectively. Rev1 vaccine and et al. [25], Cloeckaert et al. [26] and Phillips et al. [27],
PBS groups induced 2.77 and 5.9 log units of protection, they used sub-cellular vaccines against both rough and
respectively. OIE consider vaccine to be protective smooth Brucella infections. Montanide ISA 206 was
should give protective activity 2.5 and at least not be selected as an adjuvant, as vaccination is meant for
more than 4.5 according to the results of control groups production  of  strong  immune  response  with   long  term
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Fig. 5: Mean serum antibody responses of sheep vaccinated with Rev-1 vaccine, adjuvanted SBP and HSE measured
by IELISA using rough Brucella antigen as a coating antigen

Fig. 6: Protective activity of SBP, SBP mixed with montanide 206, HSE, HSE mixed with montanide 206, Rev-1 vaccine
and PBS against brucellosis in female Balb/C mice

protection against vaccinated organism. Adjuvants when of immunity and accurate dose of SBP and HSE and to
used in vaccines enhance immune response by make potency test in the main host. SBP and HSE can be
augmenting antigenic properties of an antigen [28]. To also used as a vaccine especially in adult ewes to
incorporate an adjuvant to a vaccine it is essential to decrease the possibility of abortion in pregnant ewes and
know what type of immune response is needed and which human infection. Also we recommend the use of
one adjuvant will produce the required immunity without Montanide ISA 206 as adjuvant with the prepared
unacceptable adverse effects [29]. Montanides are subcellular proteins.
extremely inexpensive ready-to-use mineral oil adjuvants.
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