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ABSTRACT
Brucellosis is a notable disease, most widespread bacterial zoonoses that still of veterinarian, public health and
economic concern in many developing countries including India. Early detection and segregation of infected
animals are important in order to control the disease. The present study was done with the objective of isolation
and identification of B. melitensis from naturally infected sheep in Sharanpur District, UP (India) using
bacteriological and the classical serological techniques; RBPT, STAT, Modified-STAT and i-ELISA. Out of 145
ovine serum samples collected, 48(33.1%) were found to be positive by RBPT taken as a primary screening test.
From 48 positive serum samples, 39(81.25%) were found to be positive by STAT, 37(77.08%) by ModifiedSTAT and 35(72.92%) by i-ELISA. Thus, i-ELISA showed 4 (8.33%) less positive, reduced doubtful by 3
(6.25%) and showed 7 (14.58%) more negative as compared to STAT and 2 (4.16%) less positive, reduced
doubtful by 1 (2.08%) and showed 3 (6.25%) more negative to modified-STAT. On the basis of colony
morphology, staining characters, phenotypic and biochemical characterizations, the organisms from clinically
infected sheep knee joint fluid and aborted foetal samples were isolated and identified as B. melitensis. In
addition, two isolates of B. abortus were also identified from liver sample of aborted bovine foetus.
Copyright, IJCR, 2013, Academic Journals. All rights reserved.

INTRODUCTION
Brucellosis, caused by members of the genus Brucella, is an
important re-emerging bacterial zoonosis and a significant cause of
reproductive losses in animals. It is still an uncontrolled serious
public health problem in many developing countries including India
(Saleem et al., 2004; Benkirane, 2006; Minas, 2006). The economic
losses by brucellosis in animals are due to abortions, premature births,
decreased milk production and repeat breeding, and may lead to
temporary or permanent infertility in infected livestock (Erdenlig and
Sen, 2000; Al-Talafhah et al., 2003). Brucellosis due to Brucella
melitensis is widespread in India and is considered to be the major
cause of abortion in small ruminants producing severe economic loss.
The disease is usually caused by Brucella abortus in cattle, B.
melitensis or B. ovis in small ruminants, B. suis in pigs and B. canis in
dogs (Corbel and Brinley-Morgan, 1984; Anon, 2001). Two potential
novel species of marine mammal origin, Brucella pinnipedialis
(formerly ‘Brucella pinnipediae’) and Brucella ceti (formerly
‘Brucella cetaceae’), have been proposed recently (Cloeckaert et al.,
2001; Foster et al., 2007). The disease in humans is caused by B.
abortus, B. melitensis, B. suis biovars 1-4, and rarely, B. canis or
marine mammal Brucella. Ovine/caprine brucellosis caused by B.
melitensis is by far the most important clinically apparent disease in
humans (Davis, 1990; England et al., 2004; Karthik et al., 2013). Live
vaccines for B. abortus and B. melitensis are also pathogenic for
humans. B. ovis, B. neotomae and B. suis biovar 5 have not been
linked to human disease. Man can get infection by direct contact with
animals, consumption of unpasteurised milk and other dairy products
from infected animals as well as by inhalation of airborne agents.
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Due to the high DNA-DNA relatedness (90%) among Brucella
species, it was suggested that the genus should comprise only one
species, B. melitensis, with the six biovars Melitensis, Abortus, Canis,
Neotomae, Ovis and Suis (Verger et al., 1985). However, in 2003, the
ICSP Subcommittee on the Taxonomy of Brucella agreed
unanimously on a return to pre-1986 Brucella taxonomy and as a
consequence to the reapproval of the six Brucella species with the
recognized biovars (Osterman and Moriyon, 2006). The different
species and biovars of Brucella have been characterized according to
growth behaviour on different media, CO2 requirement, H2 S
production, growth in the presence of dyes (thionine and basic
fuchsin), reaction with monospecific A and M antisera, bacteriophage
typing (Alton et al., 1988; Corbel, 1991; Muz et al., 1999) and light
and transmission electron microscopy. Such methods would have
required several weeks time to complete (Stemshorn, 1984; Al
Dahouk et al., 2005; Elfaki et al., 2005). In addition, standard
serological tests used to detect Brucella have also required several
weeks time to complete and have not been able to distinguish between
species of Brucella (Gurturk et al., 2000; Ongor et al., 2001; Elfaki et
al., 2005). The methods currently available to identify species of
infecting Brucella require the isolation of bacteria on selective media
followed by quantitative analysis of phenotypic properties of the
organism.

MATERIALS AND METHODS
Bacterial Strains
Field isolates of Brucella species, reference strain of B. melitensis
16M (from National Brucella Laboratory, IVRI) and vaccine strain of
B. abortus S19 (from Division of Biological Products, IVRI) were
used in the present study.
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Sample Collection
A total of 145 serum samples from female sheep with clinical signs of
abortion in Sharanpur District, Uttar Pradesh, India were collected
aseptically for the study. Joint fluid samples from clinically infected
sheep with swelling knee joint and the aborted foetal materials were
collected in a sterile container and in Amies transport medium stored
in icepack and transferred to the laboratory.
Bacteriological Examinations
Joint fluid samples were immediately inoculated aseptically to Blood
agar and Brucella agar without Brucella selective supplement.
Isolation and identification of Brucella melitensis was done as
detailed in Bergey’s Manual of Systemic Bacteriology (Corbel and
Brinley-Morgan, 1984) and OIE (2000). The aborted foetal contents
(liver and spleen) were crushed into pieces with sterile mortar and
pestle in PBS (pH 7.2) and streaked on to Blood agar and Brucella
selective agar without Brucella selective supplement. The agar plates
were incubated at 37oC in an atmosphere of 5-10% CO2 for 72 hrs.
A replica plate was also kept at 37° C without CO2 tension. Further
identification of the organism was done by their morphology and
microscopic examination using Hucker’s modified Gram stain
method (1923) and modified Ziehl-Neelsen stain technique outlined
by Stamp et al (1950). Biochemical characteristics viz. oxidase test
(Carter and Cole, 1990), catalase test, urea hydrolysis, nitrate
reduction test and hydrogen sulphide (H2S) production, growth in the
presence of thionin and basic fuchsin dyes at three different
concentrations (10-40 μg/ml) (Corbel and Brinley-Morgan, 1984)
were carried out.
Serology
Serum samples collected from 145 sheep suspected for Brucella
infection were analyzed by classical serological tests such as Rose
Bengal plate test (RBPT), standard/modified tube agglutination tests
(STAT/Modified-STAT) and indirect enzyme linked immune sorbent
assay (ELISA) following the standard protocols. RBPT was done
according to the procedure described by Alton et al. (1975) with Rose
Bengal plain antigen procured from Division of Biological Product,
IVRI, Izatnagar. About 30μl of RBPT plain antigen and equal volume
of test serum were taken on a grease free clean glass plate, and mixed
by glass rod or wood stick which was then followed by swirling. Any
degree of agglutination within 3-4 minutes was taken as positive.
Brucella negative and positive sera were taken as negative and
positive control, respectively. Antigen and serum samples were
brought to room temperature prior to performing the test. Out of 145
serum samples collected previously, those sera that gave positive
reaction with RBPT were further subjected to the standard tube
agglutination test (STAT) using the method described by Stem shorn
et al. (1984), and modified tube agglutination test (OIE, 1996).
The modified tube agglutination test was performed in clear glass or
plastic tubes of approximately 5 ml total volume by placing 0.8 ml of
phosphate buffer saline solution (PBSS) with 10 mM EDTA having
pH 7.2, into the first tube and 0.5 ml volumes of PBSS in the
remaining tubes of a series of at least five tubes per each serum
sample under test. A 0.2 ml serum was added to the first tube, mixed
and then 0.5 ml was transferred to the next tube. A further volume of
0.5 ml was transferred to subsequent tubes and in the last tube 0.5 ml
of serum dilution was discarded to give a series of doubling dilutions.
An equal volume (0.5 ml) of Plain antigen of Brucella abortus S99
(IVRI, Izatnagar) was then added to each tube, and the tubes were
incubated at 37oC for 24 hours. In standard tube agglutination test,
phenol saline (pH 7.2) was used in place of phosphate buffer saline
solution. The results were compared with the antigen control tube
showing 50% agglutination and in both the cases; agglutination was
determined by reading the degree of clearing and sedimentation of the
tubes. A titre of 1:40 (i.e. 50% agglutination at 1:40) or more was
indicative of infection, whereas 50% or above reaction in titre of 1:20

was considered a suspicious and a titre of 1:10 was treated as
negative. Screening of serum samples positive to RBPT was again
rolled out by using commercially available ELISA kits following
instructions described by manufacturer (Institut Pourquir, France).
Briefly, 190 μl serum dilution buffer was added to each 96 well of
Brucella LPS antigen pre-coated ELISA microplates and 10 μl of
serum sample (1:20) per well was added leaving the first three wells;
one for negative control and the other two for positive controls. The
contents were then homogenized by gentle shaking and incubated
overnight at 4oC. After washing three times with 1x wash solution
(20x), 100μl of a peroxidase conjugate anti-ruminant IgG monoclonal
antibody diluted (1:100) with dilution buffer1 (Conjugate dilution
buffer) was added to each well and incubated at room temperature for
30 minutes followed by washing three times as described above. A
ready to use substrate solution (TMB) in a volume of 100 μl was
added per well as an indicator and incubated at room temperature in
dark for 20 minutes. To stop the reaction, 100 μl of stop solution
(0.5M H2SO4) was added to each well and the absorbance at 450nm
was determined with an ELISA reader (Dynatech Laboratories). The
result was interpreted by its S/P%:

The interpretation of the result will be valid provided that OD450 value
of positive control is greater than or equal to 0.600, and the ratio
between the mean OD450 value of positive controls to OD 450 value of
negative control is greater than or equal to 3. Any sample with S/P%
value equal to or lower than 110% were considered to be from
animals which do not have any specific antibodies to the Brucella
LPS antigen where as S/P% value between 110% and 120% were
considered to be doubtful and samples with equal or higher than
120% were from animals having specific antibodies to the Brucella
LPS antigen.

RESULTS AND DISCUSSION
Field isolates of Brucella species have been maintained in serum
dextrose agar and Brucella selective medium to isolate and identify B.
melitensis. A characteristic of Brucella growth with very small,
glistening, smooth, round and pin-point like colonies with honey like
appearance were observed on blood and Brucella selective agar plates
after 72 hrs incubation at 37°C. Similar observations were also
recorded by Corbel and Morgan (1984). The organisms did not grow
on MacConkey agar, Muller Hinton agar and found to be nonhemolytic on blood agar. These exclude rapidly growing, haemolytic
or lactose fermenting organisms. Microscopic examination of Gram
stained cultures revealed small Gram negative coccobacilli arranged
singly, in pairs, or in groups and on Modified Ziehl-Neelsen (MZN)
stain, the Brucella organisms were stained red against a blue
background. On different biochemical reactions, Brucella organisms
were found to be positive for catalase, oxidase, urea hydrolysis and
nitrate reduction tests and negative for indole production, citrate
utilization, Methyl red and Voges-Proskauer tests (Table 1). Similar
findings were reported in different isolates of Brucella species by
Koneman et al. (1997) and Erdenlig and Sen (2000). On the basis of
colony morphology, staining characters, and biochemical tests, the
organisms were identified as Brucella species. The isolates have been
further differentiated phenotypically into species and partially to
biovars using parameters such as CO2 requirement, H2S production,
and growth on media plates containing thionin and basic fuchsin dyes
at three different concentrations. Accordingly, Brucella species
grown on tryptic soya agar media containing both thionin and basic
fuchsin dyes at concentration of 10 μg/ml, 20 μg/ml, and 40 μg/ml
have been taken as Brucella melitensis where as isolates with no
growth at all concentrations in both the cases (thionin and basic
fuchsin) were considered as Brucella abortus biovar 2 and those grow
on media with thionin at only 40 μg/ml (1:25,000) concentration and
basic fuchsin at all concentrations have been considered as Brucella
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Table 1. Result summary on biochemical characteristics of
Brucella species
Brucella
abortus 1
+
+
+
+
-

Biochemical profile
Hemolysis (blood agar)
Acid production
Urea hydrolysis
Nitrate reduction
Citrate utilization
Indole production
Oxidase
Catalase
Methyl Red
Voges-Proskauer

Brucella
abortus 2
+
+
+
+
-

Brucella
melitensis
+
+
+
+
-

abortus biovar 3. Requirement of CO2 has been observed in the two
biovars of Brucella abortus, but not in B. melitensis (Table 2). This
was in agreement with the reports by Morgan (1961), Corbel (1991),
Anon (2001), and Stack and MacMillan (2003). Abscence of growth
on media containing streptomycin (2.5μg/ml) and requirement of CO2
by field isolates of B. abortus differentiated the organisms from
vaccine strains B. melitensis Rev1 and B. abortus S19, repectively.
Table 2. Differentiation of the species of the Brucella isolates
Characteristics

B. melitensis

H2S production
1st Day
2nd “
3rd “
4th “
CO2 requirement
Growth on media containing:
Thionin*
1:25,000
1:50,000
1:100,000
Basic fuchsin*
1:25,000
1:50,000
1:100,000

-

B. abortus
isolate 1

B. abortus
isolate 2

+
++
++
+++
+

++
++
+++
++++
+

+
+
+

_
_
_

+
_
_

+
+
+

_
_
_

+
+
+

*dye concentration, 40μg/ml (1:25,000), 20μg/ml (1:50,000), and
10μg/ml (1:100,000) in tryptic soya agar.

Besides the bacteriological identification, a cross confirmation of the
genus Brucella has been done on serum samples collected from sheep
by the classical serological techniques. RBPT was taken as a primary
screening test for the downstream comparison between
STAT/Modified-STAT, and i-ELISA. From a total of 145 ovine
serum samples screened for presence of Brucella antibodies, 48 of
them were found to be positive by RBPT. From 48 RBPT positive
serum samples, 39 (81.25%) were recorded as positive, 6 (12.50%)
doubtful and 3 (6.25%) negative by STAT as compared to the
modified-STAT where 37 (77.08%) serum samples were positive, 4
(8.33%) were doubtful and 7 (14.58%) were negative. Further
analysis by i-ELISA revealed that 35 (72.92%) serum samples were
positive, 3 (6.25%) were doubtful and 10 (20.83%) were negative.
Thus, i-ELISA showed 4 (8.33%) less positive, reduced doubtful by 3
(6.25%) and showed 7 (14.58%) more negative as compared to SAT
and 2 (4.16%) less positive, reduced doubtful by 1 (2.08%) and
showed 3 (6.25%) more negative to modified-STAT. Screening of
brucellosis or detection of Brucella antibodies using i-ELISA
revealed relatively better sensitivity and specificity than STAT and
modified-STAT (Table 3). A similar comparative result has been
reported by Nasir et al. (2005). Respectively, the field isolates were
identified and identified as B. abortus isolate 1, B. abortus isolate 2
and B. melitensis based on biochemical profiles, cultural
characteristics, and partial bacteriological bio typing techniques. In
conclusion, B. melitensis is the main aetiologic agent of brucellosis in
small ruminants. Ewes’ and nanny-goats’ aborted foetuses and
products derived from sheep and goats remain the main source of
infections to man.

Table 3. Comparison of STAT, Modified STAT and ELISA

Tests

No. of
samples

STAT
ModifiedSTAT *
i-ELISA

48
48

1:10
(negative)
(≤ 110%)
3 (6.25%)
7(14.58%)

48

10(20.83%)

Antibody titers
1:20
1:40 or more
(doughtful)
(positive)
(110 - 120%)
(≥ 120%)
6(12.50%)
39(81.25%)
4(8.33%)
37(77.08%)
3(6.25%)

35(72.92%)

* Interpretation of STAT and modified-STAT result is same with only difference
in serum dilution buffer

The studies in various parts of India indicate that the disease is
widespread among sheep populations. Most surveys of brucellosis in
India rely on serological test only, without isolation of Brucella sp.
and this can be misleading for the ultimate action to be taken.
Confirmatory diagnosis must be provided by the isolation of
aetiological agents. Therefore, the isolation of B. melitensis is
important to study the epidemiology of the disease in the country. The
detection of antibodies in 48 serum samples and the isolation of B.
melitensis from aborted sheep foetus and blood samples revealed its
predominant cause of the infection in this region (Sharanpur District,
UP) and due to that, the disease may threat human and animal health.
Brucellosis may be acquired directly through contact with
contaminated material or aerosol infection or indirectly by grazing on
contaminated pastures or through other materials. The traditional
grazing management system of sheep and goats is still in use in this
district. Moreover, several flocks belonging to different owners may
graze the same pasture on the same day or the following day(s),
which may spread the infection directly among herds. B. melitensis
vaccine strain Rev 1 sometimes isolated from some sheep abortions
and may lead to misdiagnosis of the disease. However, the isolates in
the present study were found to be different from B. melitensis Rev 1
and this finding may suggest that this vaccine strain is not the
causative agent of ovine brucellosis in this region. The isolation of
the B. melitensis from aborted sheep foetuses in the present study may
show the importance of this agent in aetiology of ovine brucellosis
and abortions in sheep. Similar findings of B. melitensis in sheep
flock have been reported by Vivekananda et al. (2012).
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