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1. Introduction

   Brucellosis is a highly contagious zoonotic disease affecting 

livestock and humans[1]. Brucella melitensis (B. melitensis) and 

Brucella abortus (B. abortus) tend to infect small ruminants and 

cattle respectively, causing abortions and infertility[2], resulting 

in huge economic losses. These animals are the most common 

source of human brucellosis, a debilitating chronic condition 

which when left untreated can lead to permanent sequelae[3]. The 

disease has been reported in most countries with the exception of 

a few countries where it has been eradicated. Although brucellosis 

is a notifiable disease in many countries, official figures do not 

fully reflect the number of cases reported annually. The number 

is probably underestimated as a result of underreporting and 

misdiagnosis[4]. Information is scanty for many areas where 

brucellosis is endemic, and this is the case in South Africa, and 

in particular Eastern Cape Province, where livestock is a form of 

subsistence farming. Diagnosis of the causative agents of brucellosis 

is the cornerstone of any control program and is usually based on 

immunological, bacteriological and molecular findings.

   Serological tests have proved to be either too sensitive, giving 

false-positive results, or too specific, giving false-negative 

results[5-7]. The presence of antibodies does not always mean 

an active case of brucellosis, as vaccinated animals tend to yield 

persistent post-vaccinal immune responses and other Gram-

negative bacteria such as Yersinia enterocolitica cross-react 

with Brucella spp.[8,9]. Polymerase chain reaction (PCR) such as 

Brucella AMOS-PCR, is a recent advance for rapid and accurate 

diagnosis of brucellosis that has been shown to overcome the 
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limitations of conventional methodology. Vaccination with live, 

attenuated B. abortus strains (S19 and RB51) and Riv1 vaccine for 

small ruminants has been effective in preventing B. abortus and 

B. melitensis infections and abortions in cattle, sheep and goats. 

The Brucella AMOS-PCR identifies and differentiates between B. 

abortus, B. melitensis, Brucella ovis and Brucella suis bacteria. It 

was developed to differentiate the vaccine strains from the field 

strains[10]; with almost 100% sensitivity[11], it is advantageous 

when serological testing often fails[12]. It also produces results in 

just 24 h which provides useful and early information to regulatory 

officials. AMOS-PCR assay uses a five primer cocktail. One primer 

anneals to the IS711 element. By design, a positive PCR product of 

498-bp is specific for B. abortus, a positive PCR product of 731-

bp is specific for B. melitensis, a positive PCR product of 976-bp is 

specific for Brucella ovis and a positive PCR product of 285-bp is 

specific for Brucella suis. In addition, a positive PCR product of 364-

bp is specific for the RB51 vaccine strain and a positive PCR product 

of 178-bp is specific for S19 which is a short sequence[13] of the eri 

gene (essential for erythritol catabolism), present in all Brucella 

strains except for B. abortus S19[14]. This PCR procedure has high 

potential as a rapid screening test for differentiating the two Brucella 

vaccines from the virulent field strains of Brucella[15].

   Reports on brucellosis in Southern Africa are mainly restricted 

to cattle with the exclusion of small ruminants (sheep and goats) 

and are widely based on serological surveys[16,17]. Consequently, 

this present study aimed at detecting and identifying Brucella spp. 

from cattle, sheep and goats from four different municipalities in the 

Eastern Cape Province, South Africa.

2. Materials and methods

2.1. Ethical considerations

   All experimental procedures involving animals were conducted 

in accordance to the OIE[18] and approved by the University of Fort 

Hare Ethics committee.

2.2. Sample collection

   A total of 1955 samples comprising milk, blood and lymph nodes 

were collected from 880 cattle, 555 sheep and 520 goats (Table 

1) from the livestock production sector of the Amathole District 

Municipality, Buffalo City Metropolitan Municipality, OR Tambo 

District Municipality as well as random samples collected from 

cattle slaughtered in the Queenstown and East London abattoirs 

(Figure 1). Blood samples from cattle were collected from the caudal 

tail vein while those from sheep and goats were collected from the 

jugular vein. All samples were collected with individual needles and 

stored in sterile EDTA vacutainer tubes[18]. The tubes containing 

blood were tilted to avoid blood clotting and immediately stored 
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on ice until further analysis could be conducted. Raw milk samples 

were collected in individual sterile bottles from each quarter of dairy 

cows, sheep and goats based on the method of Alton et al.[19] and 

kept at 4 °C for further analysis. Tissue samples of the mammary 

lymph nodes from cattle slaughtered in the Queenstown and East 

London abattoirs were collected and processed for bacterial isolation 

in accordance with the description of Alton et al.[19].

   Milk samples were centrifuged at 8 753 r/min for 15 min. The 

cream and deposit obtained after the skim milk had been discarded 

was mixed and spread with a swab-stick on Brucella Agar (Merck, 

Johannesburg, South Africa) with Brucella supplement (Liofilchem, 

Roseto D.A., Italy). The plates were incubated at 37 °C with 5%–

10% CO2. The presence of Brucella colonies were inspected for after 

2, 4 and 7 days. Blood from cattle, sheep and goats were inoculated 

into a Castaneda biphasic medium which consisted of both a solid 

and liquid Brucella medium (Merck, Johannesburg, South Africa) 

with Brucella supplement (Liofilchem, Roseto D.A., Italy). The 

Castaneda bottles were incubated for 21 days, supplemented with 

5% CO2, with periodic tipping[18,20]. Lymph nodes were immersed 

in alcohol and flamed before being cut into small pieces and spread 

on the surface of Brucella Agar[19].

Table 1
The number of samples collected in each municipality.

Municipality No. of samples 
collected

Cattle Sheep Goats

Amathole (A)   755 405 135 215
Blood 270 100 165
Raw milk 135   35   50
Lymph nodes     0     0     0
OR Tambo (B)   700 275 315 110
Blood 175 265 100
Raw milk 100   50   10
Lymph nodes     0     0     0
Buffalo City (C)   255 100   55 100
Blood   40   35   85
Raw milk   10     0   15
Lymph nodes   50   20     0
Lukanji local (D)   245 100   50   95
Blood   50   25   25
Raw milk     8     5   15
Lymph nodes   42   20   55
Total 1 955 880 555 520

2.3. DNA extraction and molecular characterization of 
Brucella species 

   DNA was extracted from presumptive isolates using the 

Zymo Research bacterial or fungal mini-prep kit following the 

manufacturer’s instructions. Genus-specific primers (Bru-F, Bru-R) 

for identification of Brucella sequences and species-specific primers 

shown in (Table 2) were used as recorded by Khamesipour et al.[21] 

and Bricker and Halling[13,14]. The thermal conditions for the PCR 

were as follows: initial denaturation at 95 °C for 5 min, followed by 

35 cycles of denaturation at 94 °C for 45 s, annealing at 64.9 °C for 

1 min and 72 °C extension for 1 min. A final elongation step at 72 °C 

for 5 min for the Bru gene and initial denaturation at 94 °C for 2 min, 

followed by 35 cycles of denaturation at 95 °C for 20 s, annealing at 

60 °C for 20 s and 72 °C extension for 30 s. A final elongation step at 

72 °C for 7 min for all Brucella spp. 

2.4. Gel electrophoresis

   Agarose gel (1.5%) was prepared using 1× TBE buffer [10× TBE 

buffer: 1 mol/L Tris, 1 mol/L Boric acid, 50 mmol/L EDTA (pH 

8.3)]. The gel was stained with 5 µL ethidium bromide[10,15]. A 

KAPA universal DNA molecular weight marker and a 100 bp ladder 

(Fermentas) were used as size standards. Gel electrophoresis was 

performed at 100 V for 45 min and amplicons were visualized under 

UV light and photographed using an Alliance 4.7 XD-79 System 

(Uvitec, Cambridge, UK).

3. Results

3.1. Confirmation of bacterial isolates	

   From the 1 955 samples collected, the Bru gene was successfully 

amplified from 130 (14.8%) isolates (Tables 3–5). The targeted gene 

was amplified and showed a base pair size of 245 on an agarose gel. 

We detected the highest number of isolates, 81 (62.3%), in cattle, 

while the lowest number, 16 (12.3%), was observed in the samples 

from sheep. The study detected the highest number of isolates in the 

blood and lymph node samples of cattle.

Table 2
Primer sets and expected amplicon sizes specific for the different Brucella species and vaccine stains.

Strain Primer set Primer sequence (5’-3’) Amplicon size (bp) References
Brucella species Bru CTATTATCCGATTGGTGGTCTG 245 [21]

Bru GGTAAAGCGTCGCCAGAAGG
B. abortus IS711 TGCCGATCACTTTCAAGGGCCTTCAT 498 [15]

 AB GACGAACGGAATTTTTCCAATCCC
B. melitensis IS711 TGCCGATCACTTTCAAGGGCCTTCAT 731 [15]

BM AAATCGCGTCCTTGCTGGTCTGA
B. abortus vaccine strain S19 ERI1 GCGCCGCGAAGAACTTATCAA 178 [15]

ERI2 CGCCATGTTAGCGGCGGTGA
B. abortus vaccine strain RB51 IS711 TGCCGATCACTTTCAAGGGCCTTCAT 364 [15]

RB51 CCCCGGAAGATATGCTTCGATCC
Rev-1 vaccine P1 TGGAGGTCAGAAATGAAC 282 [22]

P2 GAGTGCGAAACGAGCGC
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Table 3
Identification of Brucella spp. from blood, raw milk and lymph nodes of 
cattle by molecular characterization.

Municipality No. of samples 
tested

Bru gene B. abortus B. melitensis B. abortus 
vaccine strain 

Amathole 405

Blood 9 9 0 1

Raw mikl 7 7 0 1

Lymph node 0 0 0 0

OR Tambo 275

Blood 15 13 0 0

Raw mikl 7 6 0 1

Lymph node 0 0 0 0

Buffalo City 100

Blood 4 4 0 1

Raw mikl 2 2 0 0

Lymph node 15 13 0 2

Lukanji local 100

Blood 3 3 0 0

Raw mikl 2 2 0 0

Lymph node 17 15 0 1

Total 880 81 74 0 7

Table 4
Identification of Brucella spp. from blood, raw milk and lymph nodes of 
sheep by molecular characterization.

Municipality No. of samples 
tested

Bru gene B. abortus B. melitensis Rev-1
vaccine strain

Amathole 135

Blood 8 0 8 0

Raw mikl 5 0 5 0

Lymph node 0 0 0 0

OR Tambo 315

Blood 0 0 0 0

Raw mikl 0 0 0 0

Lymph node 0 0 0 0

Buffalo City 55

Blood 1 0 1 0

Raw mikl 0 0 0 0

Lymph node 1 0 1 0

Lukanji local 50

Blood 1 0 1 0

Raw mikl 0 0 0 0

Lymph node 0 0 0 0

Total 555 16 0 16 0

Table 5
Identification of Brucella spp. from blood, raw milk and lymph nodes of 
goats by molecular characterization.

Municipality No. of samples 
tested

Bru gene B. abortus B. melitensis Rev-1
vaccine strain

Amathole 215

Blood 9 0 9 0

Raw mikl 1 0 1 0

Lymph node 0 0 0 0

OR Tambo 110

Blood 15 0 15 0

Raw mikl 2 0 2 0

Lymph node 0 0 0 0

Buffalo City 100

Blood 1 0 1 0

Raw mikl 0 0 0 0

Lymph node 2 0 2 0

Lukanji local 95

Blood 1 0 1 0

Raw mikl 0 0 0 0

Lymph node 2 0 2 0

Total 520 33 0 33 0

3.2. Brucella species characterization

   The 130 isolates were further confirmed by PCR using primers 
(Table 2) which targeted B. abortus, B. melitensis, B. abortus vaccine 
strain S19, B. melitensis Rev-1 vaccine strain and B. abortus vaccine 
strain RB51. The PCR products were then subjected to 1.5% agarose 
gel for electrophoresis which was observed at 498, 731 and 178 base 
pairs. Only B. abortus (56.9%), B. melitensis (37.7%) and B. abortus 
vaccine strain S19 (5.4%) were confirmed from the isolates (Tables 
3–5). B. melitensis Rev-1 vaccine strain and B. abortus vaccine strain 
RB51 were not amplified from any of our isolates.

4. Discussion

   Demand for meat and milk in South Africa has risen in the last 
10–20 years[23]. This is an indication that the livestock industry 
is expected to yield more products for human consumption to 
combat hunger. However this industry is negatively affected by 
microorganisms causing infectious diseases such as brucellosis, 
caused by the Brucella species[24,25]. Brucellosis remains a major 
public health concern in sub-Saharan Africa, where similar livestock 
systems, environmental conditions and cultural aspects occur[26,27]. 
Cattle and small ruminants are assumed to be the main source 
of human infection and a number of control options exist, with 
vaccination and/or test-and-slaughter of positive animals being the 
corner-stones of most control programmes. At the time of this study, 
this is the first report on detection of Brucella spp. in blood, raw 
milk, and lymph nodes of cattle, sheep and goats from the Eastern 
Cape Province, South Africa.
   A total of 130 of the isolates we recorded were Brucella of which 
62.3% were from cattle, 25.4% from goats and 12.3% from sheep. It 
has often been reported that sensitivity of culture medium depends 
on the disease stage, Brucella spp., culture medium, quality of 
circulating bacteria and culture techniques used[28,29]. Our results 
indicate that, a lower number of the Bru gene was detected in raw 
milk samples compared to lymph nodes. The lower incidence in 
milk samples, however, may not be an indication that these animals 
are healthy or not infected with Brucella spp. as pathogens can be 
located in the lymph nodes, also could be due to the fact that most 
of the milk samples from our study were collected from commercial 
dairy cattle where farmers usually follow a vaccination and control 
strategy, whereas other livestock animals in small holding farms are 
tested at most every 5 years and consequently the brucellosis is less 
controlled in these farming areas[16]. It should also be noted that 
culture was performed before DNA could be detected in the present 
study.
   The detection of Brucella in the lymph nodes samples differed 
from cattle (24.6%), sheep (0.8%) and goats (3.1%) in our study. 
This results suggest that the organism might be readily detectable 
in lymph tissues, however, Corbel and Brinley-Morgan[30] found it 
difficult to detect Brucella from the tissue samples. In this regard, 
stages of Brucella infection play an important role when samples are 
collected for detection and culture of Brucella spp. It was proposed 
that after penetration, the organisms are phagocytosed by neutrophils 
and macrophages which carry them to the regional lymph nodes 
where they multiply and induce a lymphadenitis. Hence the presence 
of Brucella in lymph nodes depends on the time it took the organism 
to be carried to the lymph nodes. On the other hand, a high rate 
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of isolation of the Brucella organism from the lymphoid tissue 
was reported by Khamesipour et al.[21] an outcome contrary to 
our study. It is important to note that lymph nodes samples were 
collected post-mortem. This has been indicated as being far from an 
ideal situation for a diagnostic test, however, a suggestion was put 
forward that biopsy samples from mammary lymph tissues would 
be worthy of investigation[31].
   The Bru gene was detected in a higher percentage in our study 
from blood samples than lymph node samples, a result varying 
with the results of Khamesipour et al.[32] who discovered a higher 
percentage of this gene in lymph node samples compared to the 
blood samples. In our study, Brucella was observed in 23.9% of 
cattle, 7.7% in sheep and 20% in goat’s blood samples. Contrary 
to the study done by O’Leary et al.[31], whole blood in our study 
attested to be a good sample for Brucella detection. O’Leary et 
al.[31] suggested that since bacteria are taken up by macrophages 
and non-professional phagocytes, white blood cells templates 
might be worthy templates for use in PCR detection. In addition, 
similar results where DNA was extracted from blood and used in 
screening animals for brucellosis were documented by Madboly et 
al.[33] in buffalo, Keid et al.[34] in dogs and Khamesipour et al.[21] 

in cattle and sheep. The identification of Brucella spp. is important 
in contributing to better understanding of geographical transmission 
patterns of Brucella in different animal species in Eastern Cape 
Province, South Africa. It also plays a role in specific control 
measures to be implemented. 
   All the Brucella spp. were identified as B. abortus, B. melitensis 
and B. abortus vaccine strain S19 in our study. These results, agree 
to the report of Bricker and Halling[14] that a positive PCR product 
of 498-bp is specific for B. abortus, a positive PCR product of 731-
bp is specific for B. melitensis, and a positive PCR product of 178-
bp is specific for S19 a short sequence of the eri gene (essential for 
erythritol catabolism).
   Considering all the isolates obtained in our study, a higher 
percentage was confirmed as B. abortus (56.9%) compared to B. 
melitensis (37.7%) a result contrary to Mohamed et al.[10] who 
detected a lower percentage (16.4%) of B. melitensis from infected 
cattle and sheep in Egypt. This could potentially cause abortions 
and infertility resulting in huge economic losses. The isolation 
of B. abortus and B. melitensis from lymph nodes, blood and 
milk of infected animal confirms the presence of disease[26]. In 
our study, B. abortus (56.9%) was isolated from cattle while B. 
melitensis (37.7%) was isolated from goats and sheep. This further 
strengthens the observations of Corbel[35], who mentioned that 
B. melitensis and B. abortus preferentially infect small ruminants 
and cattle, respectively. Brucella spp. are mostly transmitted to 
humans by direct contact with infectious animal tissue, inhalation 
of aerosolized droplets or the consumption of raw milk and its 
products. Many people in the rural areas of the Eastern Cape 
Province of South Africa consume raw milk and believe that raw 
milk and its products have advantages or value over the pasteurized 
milk[36-38]. In South Africa, the prevalence of B. abortus in cattle 
is relatively high and outbreaks are reported from all provinces; 
in contrast, outbreaks of B. melitensis in sheep and/or goats have 
been rare but could be on the rise[39]. Cattle, sheep and goats in the 
rural areas of the Eastern Cape are generally grazed on communal 
pastures that usually move over distances of several kilometres 
which could lead to contamination of large areas as calving is not 

restricted to a specific place, such as a pen. Consequently, this could 
function as a source of infection for other groups of livestock within 
that community utilizing the same pasture, a factor that has been 
found to be important in the risk of infection[16].
   The confirmation of the B. abortus vaccine strain S19 (5.4%) 
implies that AMOS-PCR can differentiate between vaccinated 
animals with any type of vaccine (S19, RB51 and Rev-1) from 
infected animals. This technique could therefore stop the 
slaughtering of vaccinated animals in the Eastern Cape. Brucella 
vaccines used in South Africa for livestock are the B. melitensis Rev 
1, the live B. abortus strain 19, and B. abortus strain RB51[17]. One 
of the reasons S19 was detected in our study is due to the fact that 
it is the vaccine of choice in the Eastern Cape for the prevention of 
brucellosis in cattle because it has been reported to be superior[40]. 
The B. abortus vaccine strain RB51 and B. melitensis Rev 1 were not 
detected in any of the isolates in this study, which is an indication 
that the detected B. abortus and B. melitensis species are a true 
reflection of the presence of bovine, caprine and ovine brucellosis 
in the four municipalities of the Eastern Cape Province of South 
Africa.
   The present study adds to the data available regarding B. abortus, 
and B. melitensis infections in cattle, goats and sheep populations 
and highlights the effectiveness and advantages of AMOS-PCR over 
culture. The results indicate the need for effective control measures 
to be implemented such, more regular testing of blood, as well 
as test and slaughter approach, and vaccination and control of all 
livestock entering the Eastern Cape are highly recommended as 
strict preventive measures to assist in the suppression of brucellosis 
in the herd.
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