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Abstract:

BACKGROUND: Brucellosis is a febrile zoonotic infection
and has worldwide distribution among humans as well as
animals. Although the seroprevalence of brucellosisin various
animals has been described in Iran, there is only one report on
equine brucellosisin the region. OBJECTIVES: This study was
carried out to determine the seroprevalence of brucellosis in
racing clubsand privatehorseownersinthesouthof Iranandrisk
factors associated with the disease in horses. METHODS: 312
randomly selected equine serum sampleswere investigated for
the presence of antibodies against Brucella genus, using slide
agglutination by Rose Bengal plate test (RBPT), serum ag-
glutinationtest (SAT) and 2-mercaptoethanol (2-ME) test, using
whole cell antigen. PCR assay was also used for detection of
clinically suspected cases. RESULTS: Most seropositive horses
in this study were asymptomatic. The true seroprevalence of
brucellosiswasfound to be 9.9, 8 and 7% by RBPT, SAT and 2-
mercaptoethanol tests, respectively. All horses with history of
clinical signs (3.2% of all samples) had RBPT, SAT and 2-
mercaptoethanol positive results. It was also revealed that age,
sex and a history of contact with ruminants had no effect on
acquiring the infection in positive cases. In the PCR, one of the
three horses with fistula withers produced amplicon of 450 bp
fragment of wbo sequencesspecificto Brucella spp. field strain.
CONCLUSIONS: This study showed the seroprevalence of
brucellosisin horses of Fars province and it was indicated that
the PCR assay may behel pful indetectionof clinically suspected
horses.

Introduction

Brucellosisisafebrilezoonotic infection and has
worldwide distribution among humans as well as
animals. It is of major economic importance (due to
reproductive disorders and reduced production of
affected animals) in devel oping countriesthat do not
have a national brucellosis eradication program
(Radostits et a., 2007). The disease occurs in
countries of the Mediterranean Basin, the Middle
East and the Persian Gulf (Apan et al., 2007; Pappas
et al., 2005). Although Iran have put into effect
programs to control and eradicate brucellosis, the
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disease still occurs in the country (Bokaie et al.,
2009a). Brucella species are often categorized
according to the principal farm animal they infect
(Baek et al., 2011). Infection with Brucella abortus
produces several consequences in horses. The most
common disease is supraspinous bursitis (fistulous
withers), which results from the apparent predilec-
tion of the organism for synovial structures (Reilly,
2009). Thisismarked by apainful swelling over the
witherswhich may open and drain purulent material
(Cohenetal., 1992). Supraatlantal bursitis(poll evil)
may al so becaused by B. abortusinfection (Gul etal .,
2009). Moreover, B. abortus infection is an in-
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frequent cause of abortion in maresand infertility in
thestallion (Carmichael, 1990). Brucella suis, trans-
mitted from infected pigs, is an uncommon cause of
bursitisor abortionin horses (Radostitset al ., 2007).
Theseroprevalenceof brucellosisinvariousanimals
suchascattle, sheep, goats, camels, poultry, dogsand
humanhasbeendescribedinlran(Bigdelietal ., 2011;
Khadjehetal., 1999; Sofianet al., 2008; Maadi et .,
2011; Behzadi and Mogheiseh, 2011). Thereisonly
one report on equine brucellosisin the northeast of
Iran (Tahamtan et a., 2010). Because there was no
published report on brucellosisin horsesin the south
of Iran, this study was undertaken to assess the
prevalence of Brucella antibodies among equinesin
different districts of this region. The present study
a so describesthefirst application of PCR assay and
itsusefulnessfor detection of Brucella spp. infistula
withers discharges as a supplementary and comple-
mentary test in clinically suspected horses.

Materialsand M ethods

This study was conducted (during the period
betweenApril and September, 2009) on 312 random-
ly sel ected horses, to determinethe seropreval enceof
brucellosis and risk factors associated with the
disease. Samplesweretaken from horseracing clubs
and private horse owners of Fars Province, in the
south of Iran. Blood samples were obtained by
venipunctureandweretransportedinice-boxestothe
Shiraz University Large Anima Laboratory, as
quickly aspossible. Theserumwasthen separated by
centrifuging the blood samplesat 2000g and kept at -
20°C until tested. Serum samples were investigated
for the presence of antibodiesagainst Brucellagenus
using slide agglutination by Rose Bengal plate

test (RBPT), serum agglutination test (SAT) and
2-mercaptoethanol (2-ME) test, using whole cell
antigen (Razi Vaccineand Serum Research Ingtitute,
Iran). Sex, age, history of contact with ruminants,
geographical location in the province and use of
horses were considered as risk factors. In suspected
cases, history and clinical signs relevant to brucel-
losiswere recorded and complete physical examin-
ation including visua inspection, palpation of the
withers, and probing of fistuloustractswas perform-
ed.

Genomic DNA extraction and PCR assay: The
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discharges (100 L) from three horses with fistula
witherswere submitted to genomic DNA extraction.
The DNA was extracted by digestion, ethanol
precipitation and purification, using acommercially
available kit (Qiagen DNAeasy), according to the
manufacturer's protocol and stored at -20 °C before
use.

The PCR assay contained the following primers:
wbol 5-GCC AAC CAA CCC AAA TGC TCA
CAA-3 andwbo35-TTAAGCGCT GATGCCATT
TCCTTCAC-3 for RB51 detection (Vemulapalli et
al., 1999).

Theseprimersweredesigned previously based on
thewboA genedisruption by an1S711 element inthe
B.abortus RB51 (Vemulapali et al., 1999). Two
fragmentsof 1300 bpand 450bpwereamplifiedform
RB51 vaccineand Brucella spp. field strain, respect-
ively. All oligonucleotide primers used in this study
were synthesized by Cinnagen Co. inlran.

PCR amplifications were performed in a 25-pL
volume using thermal cycler (MG 5331, Eppendorf,
Hamburg). The following PCR conditions were
applied to each assay; 50 mM KCI, 10mM Tris-HCI
(pH =9.0), 2mM MgCl2, 200 uM dNTPs, 10 pM of
eachprimer, 1.25U Tag DNA polymerase (Fermentas)
and 2 pL of template DNA.

After initial denaturation of template DNA at
94°C for seven min, the PCR profilewas asfollows:
30cyclesof 45 sof templatedenaturation at 95°C; 45
s of primer annealing at 64°C and 45 s of primer
extension at 72°C; with afinal extension at 72°C for
5min. Thepresenceof PCR productswasdetermined
by electrophoresis of 7 L of reaction product in a
1.5% agarose gel in TBE (89 mM Tris-HCI, 89 mM
boricacid, 2.0mM EDTA, pH =8.0) electrophoresis
buffer and visualized by staining with ethidium
bromide (0.5 pg/mL) under UV light. Images were
captured on a computer. Vaccine (RB51) and
referencefield strainsof B.abortus 544 were used as
positive controls. Also DNA from healthy horse and
sterilewater were used asthe negative controls.

The data were analyzed by the SPSS software
(version 11.5) and confidence level of 95% was as-
sumed. Chi-squareanalysiswasappliedto determine
the significance of differences in seroprevalence of
brucellosisamong various groups. Differenceswere
considered significant at p<0.05. The true sero-
prevalence was calculated according to Rogan and
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Gladen (1978).

Results

Most seropositive horses in this study were
asymptomatic. The true seroprevalence of brucel-
losiswasfoundtobe9.9,8and 7% by RBPT, SAT and
2-mercaptoethanol tests, respectively (Table 1).
Although the seropreval ence of brucellosiswashigh
in the mares as compared to stallions, it was not
significant (Table 3). A difference was al so observed
in seroprevalence of brucellosis of different age
groupswhich was not statistically significant (Table
4). The prevalence was non-significantly higher in
the2-5and 5-10year agegroupsascomparedto other
groups.Althoughtheseroprevalenceinrelationtothe
use of the animals was not significant (p>0.05) in
racing and non-racing horses, the prevalence was
higher in non-racing as compared to racing horses
(Table 5). All horses with history of clinical signs
(3.2% of al samples) had RBPT, SAT and 2-
mercaptoethanol positiveresults. ltwasal soreveal ed
that ahistory of contact with ruminants had no effect
onacquiringtheinfectionin positive cases(Table6).
Theprevalenceof thediseaseindifferent partsof Fars
province and the result of SAT and 2-ME testswere
presented in Tables2 and 7 respectively.

In the PCR, one of the three horses with fistula
withers (Figure 2) produced amplicon of 450 bp
fragment of who sequences specific to Brucella spp.
field strain (Figure 1). Specificity of thePCRused in
thisresearchwasverified astheexpected 450 bp band
was not observed in the negative control tubes,
including no-template DNA and DNA genomicfrom
healthy horse.

Discussion

At the present time six species of Brucella are
recognized: B. abortus, B.melitensis, B. suis, B. ovis,
B. canis and B. neotoma (Bokaie et al., 2009a).
Horses appear to be more resistant to Brucella
infection than cattle, swine, and goats (Carmichael,
1990).Two Brucella species have been isolated in
horses, namely B.abortusand B. suisbiovars1 (Cook
and Kingston, 1988) and 3 (Cvetnic et al., 2005). In
Iran, B. abortusand B. melitensisare morepreval ent.
(Zowghi et a., 2008). B. suis, B. neotoma, B. ovis
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Table 1. Prevalence of Brucella infection in Horses of Fars
province (Iran) as assessed by Rose Bengal plate test (RBPT),
serum agglutination test (SAT) and 2-mercaptoethanol (2-ME)
test.

Test Number of Number of Number of
result animals (%) animals (%) animals (%)
by RBPT by SAT by 2-ME
Positive 31(9.9%) 25 (8%) 22 (7%)
Negative 281 (90.1%) 287 (92%) 290 (93%)
Total 312 (100%) 312 (100%) 312 (100%)

Table 2. The number and percentage of horses and the rate of
Brucella infection in Horses of different Locations in Fars
province (Iran) asassessed by Rose Bengal platetest (RBPT).

L ocation Samples Pé):r%\gja?:ﬂse
Shiraz 40(12.8%) 5(16.1%)
Sepidan 33(10.6%) 2(6.4%)
lsdioX 52(16.7%) 5(16.1%)
Marvdasht 38(12.2%) 2(6.4%)
Kavar 25(8%) 2(6.4%)
Firoozabad 25 (8%) 1(3.2%)
Nourabad 33(10.6%) 3(9.7%)
Kazeroon 32(10.3%) 7(12.8%)
Others 34(10.9%) 4(13%)
Total 312 (100%) 31 (100%)

Table 3. Percentage of male and female horses and the rate of
Brucella infection in the corresponding sexesin Horses of Fars
province (Iran) asassessed by Rose Bengal platetest (RBPT).

Sex Samples Positive
Male 89(28.5%) 6(19.4%)
Female 223 (71.5%) 25(80.6%)
Total 312 (100%) 31(100%)

Table 4. The number and percentage of horses and the rate of
Brucella infection in different agesin Horses of Fars province
(Iran) asassessed by Rose Bengal platetest (RBPT).

Age Samples Positive
2> 19 (6.1%) 3(9.6%)
2-5 150 (48.1%) 11 (35.5%)
510 116 (37.2%) 12 (38.7%)
>10 27 (8.7%) 5(16.1%)
Total 312 (100%) 31(100%)

werenot isolated in Iran (Khadjeh et d., 1999; Rezagi -
Sadaghiani etal., 1996; Samar et al ., 1996). Recently,
there have been several reportssuggesting the occur-
rence of canine brucellosisin Iran (Akhtardanesh et

45



Seroepidemiology and molecular detection of...

Table 5. The number and percentage of horses and the rate of
Brucella infection in racing and non-racing Horses of Fars
province (Iran) asassessed by Rose Bengal platetest (RBPT).

Use Samples Positive
Racing 43(13.8%) 7(22.6%)
Non- Racing 269 (86.2%) 24(77.4%)
Total 312 (100%) 31 (100%)

Table 6. The number and percentage of horses and the rate of
Brucella infection in horses in contact with or no contact with
ruminants in Fars province (Iran) as assessed by Rose Bengal
platetest (RBPT).

Contact with ruminant Samples Positive
Yes 161(51.6%) 17 (54.8%)
No 151(48.4%)  14(45.2%)
Total 312(100%)  31(100%)

Table 7. Theresult of SAT and 2-ME testson Brucella positive
samples (number and percentage).

Brucellaantibody

titer of the SAT test SAT >ME
1/20> 1(3.2%) 1(3.2%)
2/20-3/40 5(16.1%) 8(25.8%)
3/80-4/40 11 (35.5%) 12(38.7%)
>4/80 14 (45.2%) 10(32.2%)
Total 31(100%) 31 (100%)

al., 2011; Behzadi and Mogheiseh, 2011; Mosallangjad
etal.,2009). Thetrueseropreva enceof brucellosisin
our study was found to be 9.9, 8 and 7% by RBPT,
SAT and 2-mercaptoethanol tests, respectively. The
principal serological test used for brucellosis
diagnosisisthe RBPT, whichisascreening test with
high (>99%) sensitivity and low specificity in
humans (Barrose et a., 2002) as well as in bovines
(Hamidullah et al., 2009). Although no single test
provides 100% sensitivity and specificity, SAT still
remains the alternative test and is the test used for
verification as it is a standard method for the
diagnosis of brucellosis (Gul and Khan, 2007). The
sensitivity and specificity of the SAT are 95.6 and
100%, respectively (Memish et a., 2002). 2-
mercaptoethanol test has been used in cattle for the
serological diagnosis of brucellosis. Based on 1051
serafrom brucellosisfreeherds, the specificity of the
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2-ME test was 99.8% (Stemshorn et a., 1985). Very
few studiesontheseropreval enceof Brucellaspecies
in horses have been reported. The reported sero-
prevalencesvary from 8 to 16 per cent from 1976 to
1983inthe UK (Mac Millan, 1985) to 0.2 per centin
atropical region of Mexico (Acosta-Gonzdlez et dl.,
2006) and O per cent in Eritrea(Omer et a., 2000). It
has been reported that the prevalence rates of
Brucellain horses, donkeysand mulesin Egypt were
5.88%, 7.30% and 71.42%, respectively (Gul and
Khan, 2007). It seems that the prevalence rate
obtained in this study is somewhat higher than the
prevalence of the infection in horses of Egypt (Gul
andKhan, 2007). Musa(2004) reortedthat out of 346
horsesand 28 donkeys examined in Darfur (Western
Sudan), 17(4.9%) of the former and 1 (3.6%) of the
latter were positivefor brucellosis. Gul et al., (2009)
reported that the prevalence of brucellosis in
Fai sal abad (Pakistan) was20.06%inhorseshy RBPT
and 17.15% by SAT. Abo-Shehada (2009) reported
that true seroprevalence of Brucella species among
horsesinJordanwas1-0per centandindonkeysitwas
8.5 per cent. As it was shown, the prevalence of
infection was highest in Korbal region whichiswell
knownfor itslarge number and moredensely located
population of horses. In the current study, non-
significant difference was observed in the sero-
prevalence of equine brucellosis in relation to sex.
The facts regarding the prevalence of brucellosisin
relation to sex is controversial and some of the
research workers reported significantly higher
prevalence in females than in males (Hussein et al.,
2005). Bokaie et a., (2009b) reported that the
incidence of Brucellosis was higher in males than
females whereas others found no statistical differ-
ence between males and females (Ashenafi et al.,
2007; Muma et al., 2006; Gul et al., 2009). Non-
significant lower prevalence of Brucellainfectionin
younger horses of our study has al so been described
by Nicoletti (2007). The non-significantly higher
Brucella seroprevalence in non-racing as compared
to racing horses seems to be due to close contact of
non-racing horses with other domestic animals,
which may increase the risk of acquiring Brucella
infection. Ithasbeenreportedthat horsesareinfected
by contact with infected cattle, other speciesor both
and that transmission of infection from horses to
cattle or between horses themselvesisvery unlikely
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Figure 1. Electrophoretic analysis (1.5% agarose gel) of the
different PCR reactions; Lane 1: negative control; Lane 2:
B.abortus reference strain 544 (positive control); Lane 3:
Brucella spp. field strain (positive sample); Lane 4 and 5: PCR
negative samples Lane 7: B. abortus vaccine strain RB51
(positive control); Lane 7: Marker 100 base pair.

(Musa, 2004). As aresult, control of brucellosisin
bovines and other animals in Fars Province is
important for the health of horses. Most of the horses
examined in this study were asymptomatic while
only three showed clinical signsof the disease. The
same fact was al so reported by Dawson and Durrant
(1975) and Mac Millan and Cockrem (1986).
Although Brucellawasnot characterized in theother
two horses sampled for PCR assay, its role as a
potential aetiological agent for the occurrence of
fistulawithers could not be ruled out. Brucella may
play a part in the pathogenesis of fistula withersin
these seropositivecases, but at thetimewhen chronic
bursitisdevel ops, no Brucella DNA may be detected
by PCR assay. Keid et al., (2007) mentioned that a
negative blood culture or PCR cannot always be
relied upon to exclude a diagnosis of brucellosis,
especially in chronically infected cases. Further-
more, it has been demonstrated that the stage of
Brucella infection may influence the number and
location of bacteria (O'Leary et a., 2006). Alter-
natively, these false negative PCR results may be
explained by the presence of PCR inhibitorsthat are
coextracted fromthefistuladischargeswhichinhibit
or reduce the sensitivity of the PCR. The study
indicated the seroprevalence of equinebrucellosisin
different districts of Fars Province and it was
concludedthat PCR assay may behel pful indetection
of clinically suspected horses.
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Figure 2. A case of fistulous withers showing straw-colored,
viscid exudates.
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