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Summary

Background: laboratory diagnosis of canine brucellosis includes serological and bacteriological tests; 
the blood culture is considered the gold standard, but it presents issues of sensitivity and delay in results. 
Therefore, the polymerase chain reaction (PCR) could be useful to detect low amounts of bacterial DNA 
from clinical samples and provide results within hours. Objective: to evaluate the sensitivity and specificity 
of PCR for the detection of Brucella canis in whole blood samples. Methods: blood samples from 499 dogs 
from kennels in two Colombian regions and 91 co-inhabiting humans were used. The 2-mercaptoethanol 
rapid slide agglutination test (2ME-RSAT) from serum and blood culture and PCR tests from whole blood 
were performed on all samples. Bayes theorem was used to establish the sensitivity and specificity of the 
PCR test compared with the other tests performed. Results: 9.9% of the evaluated co-inhabiting humans 
yielded positive serological results and 0% were positive by PCR or blood culture tests. 10.8% of dog samples 
were positive by blood culture, 19% were positive by PCR and 13% were positive by 2ME-RSAT. 7% of 
the samples were positive by all tests. Compared with blood culture, PCR had a sensitivity of 92.6% and 
a specificity of 90% for canine samples. Compared with 2ME-RSAT, it had a sensitivity of 77.4% and a 
specificity of 89.2%. When PCR and 2ME-RSAT results were compared with blood culture, a higher number 
of positive samples were retrieved than when results of only individual tests were applied. Conclusions: PCR 
is useful to detect B. canis in clinical samples; however, it is preferable to include the 2ME-RSAT test, as this 
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improves	the	accuracy	of	the	diagnosis.	The	PCR	results	are	obtained	within	24	to	48	hours	and	do	not	require	
the presence of whole bacterial cells to detect DNA. 

Key words: canine brucellosis, diagnosis, kennels, zoonoses.

Resumen 

Antecedentes: el diagnóstico de laboratorio de brucelosis canina incluye pruebas serológicas y 
bacteriológicas. El hemocultivo se considera el estándar de oro, pero tiene problemas de sensibilidad y tiempo 
de	 entrega	 de	 los	 resultados.	 Por	 eso,	 la	 reacción	 en	 cadena	 de	 la	 polimerasa	 (PCR)	 podría	 ser	 útil	 para	
detectar	pequeñas	cantidades	de	ADN	bacteriano	de	muestras	clínicas	y	proporcionar	resultados	en	horas.	
Objetivo: evaluar la sensibilidad y especificidad de una PCR para la detección de Brucella canis, en muestras 
de sangre total de 499 perros de perreras y 91 humanos cohabitantes de dos regiones de Colombia. Métodos: 
se realizaron pruebas de aglutinación rápida en placa con 2-mercaptoetanol (2ME-PARP) a partir de suero, 
PCR y hemocultivo a partir de sangre total. El teorema de Bayes se utilizó para establecer la sensibilidad 
y especificidad de la prueba de PCR respecto a las demás. Resultados: 9,9% de los humanos cohabitantes 
evaluados resultaron positivos para la prueba serológica, y el 0% fue positivo para PCR o hemocultivo. 10,8% 
de las muestras de perros fueron positivas para hemocultivo, 19% fueron positivas para PCR y 13% eran 
2ME-PARP positivo. 7% de las muestras fueron positivas para todos los ensayos. En las muestras caninas, 
la PCR tuvo una sensibilidad del 92,6% y una especificidad del 90% en comparación con el hemocultivo. 
En comparación con 2ME-PARP, tuvo una sensibilidad del 77,4% y una especificidad del 89,2%. Cuando 
se	compararon	los	resultados	de	la	PCR	y	2ME-PARP	con	el	hemocultivo,	un	mayor	número	de	muestras	
positivas	fueron	obtenidas	que	usando	los	resultados	de	cada	una.	Conclusiones:	la	PCR	es	útil	para	detectar	
B.canis en	muestras	clínicas,	sin	embargo,	es	recomendable	incluir	la	prueba	de	2ME-PARP,	lo	que	mejora	la	
exactitud	del	diagnóstico,	se	obtienen	los	resultados	en	24	ó	48	horas	y	no	requieren	la	presencia	de	células	
bacterianas completas para detectar ADN.

Palabras clave: brucelosis canina, diagnóstico, criaderos, zoonosis.

Resumo

Antecedentes: o diagnóstico laboratorial da brucelose canina inclui testes sorológicos e bacteriológicos. 
O padrão ouro é a cultura de sangue, mas tem problemas com a sensibilidade e o tempo de entrega dos 
resultados.	Por	conseguinte,	a	reação	em	cadeia	da	polimerase	(PCR),	pode	ser	útil	para	detectar	pequenas	
quantidades	de	ADN	bacteriano	diretamente	a	partir	de	amostras	clínicas	e	fornecem	resultados	em	24	horas.	
Objetivo: para avaliar a sensibilidade e a especificidade da PCR para a detecção de Brucella canis em amostras 
de sangue total de 499 caninos provenientes de canis e 91 seres humanos em contato com estes cães em duas 
regiões da Colômbia. Métodos: foram realizados testes de aglutinação rápida em placa com 2-mercaptoetanol 
(2ME-PARP) a partir de soro, PCR y hemocultura a partir de sangue total. O teorema de Bayes utilizou-se 
para estabelecer a sensibilidade e especificidade da PCR em relação aos outros.  Resultados: 9,9% (9) dos 
humanos avaliados resultaram positivos na prova sorológica, 100% foram negativos por PCR e hemocultura. 
10.8%	(54)	das	amostras	de	cães	foram	positivas	na	hemocultura,	19%	(95)	foram	positivas	na	PCR	e	13%	
(65)	foram	positivas	no	teste	2ME-PARP.	7%	(35)	das	amostras	foram	positivas	para	todos	os	 testes.	Nas	
amostras caninas, a PCR teve sensibilidade do 92.6% e uma especificidade de 90% em comparação com a 
hemocultura. Em comparação com 2ME-PARP, teve uma sensibilidade de 77.4% e uma especificidade de 
82.2%.	Quando	foram	comparados	os	resultados	da	PCR	e	2-ME-PARP	com	a	hemocultura,	um	maior	número	
de	amostras	positivas	foram	obtidas	que	quando	foram	usados	os	resultados	de	cada	uma.	Conclusões: a PCR 
é	útil	para	detectar	B.	canis	em	amostras	clínicas,	porém,	é	recomendável	incluir	o	teste	de	2ME-PARP,	para	
melhorar	a	acurácia	do	diagnóstico.	Os	resultados	obtém-se	em	24-48	horas	e	não	requerem	a	presença	de	
células bacterianas completas para detectar ADN. 

Palavras chave: Brucelose canina, canil, diagnóstico, zoonoses.
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Introduction

Canine brucellosis is caused by Brucella canis, 
an intracellular, rough and small Gram-negative 
bacterium (Ebani et al., 2010) that is widespread 
in America, Europe, and Asia (Giraldo et al., 2009; 
Gyuranecz et al., 2011; Kang et al., 2011) and 
causes abortions and reproductive failure in dogs 
(Jones et al., 1968). In canines, the bacterium is 
present in placental materials, aborted fetuses, 
vaginal discharge of infected dogs, milk (Olivera 
et al.,	2011),	urine,	and	seminal	and	prostate	fluids	
(Carmichael et al., 1990) that are contagious to 
other	 dogs	 and	humans.	Non-specific	 symptoms	of	
the disease include lethargy, loss of libido, uveitis, 
premature aging and generalized lymph node 
enlargement (Wanke, 2004). 

Several cases of human infection have been 
reported in the past ten years, especially in Latin 
America; however, pathogenesis of this disease 
in Latin America differs from that of the rest of 
the world, probably due to a different B. canis 
strain (De la Cuesta et al., 2013; Ortiz et al., 
2012; Brower et al., 2013). The current number 
of cases is unknown because cases are rarely 
diagnosed or reported, and the casuistry of the 
zoonosis is unknown (Olivera et al., 2009; Lucero 
et al., 2010; Nomura et al., 2010). Symptoms are 
usually imprecise, with the presence of persistent 
fever, enlarged lymph nodes, and other clinical 
manifestations (Lucero et al.,	2005).

Diagnosis can be performed by various 
serological, bacteriological, and molecular tests. 
The gold standard for the diagnosis of B. canis 
is bacterial isolation from blood cultures, but the 
animal must be bacteremic to obtain a positive 
blood culture. The sensitivity of this test ranges 
from 20 to 90%, depending on the stage of the 
disease (Keid et al., 2009).

Serological tests are useful to detect the presence 
of antibodies in serum; the 2-mercaptoethanol 
rapid slide agglutination test (2ME-RSAT), Indirect 
Immunofluorescence,	 and	 ELISA	 have	 been	 used	
with variable results (Carmichael et al., 1987; 
Ebani et al., 2003; Lucero et al., 2002). Surface 
antigens of rough Brucella species can cross react 

with antibodies produced against other pathogenic 
species of bacteria, causing variations in the 
sensitivity	 and	 specificity	of	 these	 tests	 (Noosud	et 
al., 2009; Escobar et al., 2010). Because of this it is 
necessary	 to	 use	 blood	 culture	 to	 confirm	B. canis 
infection. However, at times, this bacteria cannot be 
isolated due to low levels of colony-forming units 
circulating in the blood. This could be caused by a 
focalization of the infection—as in chronic cases—
or due to the use of antibiotics for other causes, 
which decrease bacteria circulating in the blood. 

Several molecular biology tests such as the 
Polymerase chain reaction (PCR) have been recently 
developed for the direct detection of B. canis in 
different types of clinical samples (Aras et al., 
2010; Imaoka et al., 2010; Olivera et al., 2011). The 
sensitivity	 and	 specificity	 of	 these	 tests	 vary.	 These	
are convenient tools for detecting bacterial DNA and 
merely	require	the	presence	of	genetic	material.

These considerations demonstrate the need for 
a	 rapid,	 sensitive,	 and	 specific	method	 to	 diagnose	
infection in dogs and humans; a method that could 
be used along with blood culture, because blood 
culture—although it is the gold standard—is time 
consuming and is not widely available. This could 
facilitate the diagnosis and reduce its time, thus 
reducing the complications associated with the 
disease. We report the application of PCR using 
primers designed to identify Brucella species 
(Garcia-Yoldi et al., 2006) directly from the whole 
blood of canine and co-inhabiting humans to 
increase	 speed,	 sensitivity,	 and	 specificity	 of	 the	
report. 

Materials and methods

Sampling

The study included 499 dogs from 21 kennels 
located	in	two	regions	of	Antioquia	(Colombia),	that	
entered the study consecutively, and whose owners 
voluntarily	 agreed	 to	 participate	 in	 the	 project	
by signing an informed consent. The distribution 
of	 kennels,	 canines,	 and	 humans	 was	 as	 follows:	
Region	 1	 (Urban	 Area):	 11	 kennels,	 300	 canines,	
and	52	humans;	Region	2	(Rural	area):	10	kennels,	
199 canines, and 39 humans.
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Sampling was conducted in each of the 21 
kennels. Canine blood samples were taken in 
Vacutainer tubes either dry or with 3.2% citrate 
added (Becton Dickinson, Franklin Lakes, NJ, 
USA)	to	obtain	serum	or	whole	blood,	respectively.	
Three milliliters of blood was inoculated into the 
bottle for blood culture. The same procedure was 
conducted in each human participant.

Laboratory Tests

2ME-RSAT was performed on all samples as 
follows:	 25	 μL	 of	 blood	 serum	 were	 mixed	 with	
25	 μL	 2-mercaptoethanol	 followed	 by	 50	 μL	 B. 
canis total antigen produced from the M-strain 
(a less mucoid B. canis strain used as antigen 
for serological diagnosis of canine brucellosis), 
mixed with a stick and kept in an orbital shaker 
for two minutes. An agglutination viewer was 
used to determine presence of agglutination. The 
test is positive when agglutination is observed 
(Carmichael et al., 1996). 

Blood	 culture	 was	 conducted	 as	 follows:	 5	
mL human blood or 3 mL canine blood where 
inoculated in tripticase soy broth medium (Becton 
Dickinson,	Franklin	Lakes,	NJ,	USA)	and	incubated	
for 2 days at 37 °C. On alternating days during 
the	 first	 week,	 a	 sample	 from	 the	 blood	 culture	
was seeded in tripticase soy agar and incubated at 
37 °C (Keid et al., 2009). If Brucella-compatible 
growth was detected, Gram tests and biochemical 
identification	 tests,	 namely	 urease	 production	 in	
urea-supplemented medium and sulphur indole 
motility test, were conducted according to Lucero et 

al. (2008). In the event that no Brucella-compatible 
growth	 was	 detected	 during	 the	 first	 week,	 blood	
cultures were maintained at 37 °C and inoculated in 
tripticase soy agar every week for 2 months before 
being conclusively considered as negative. 

DNA extraction

DNA isolation was prepared from canine and 
human blood samples using the dneasy blood and 
tissue	 kit	 (QIAGEN	 Inc.,	 Valencia,	 CA,	 USA),	
following manufacturer’s instructions for DNA 
extraction from whole blood. Each DNA sample 
was	diluted	1:100	and	used	immediately	or	stored	at	
-20 ºC until needed. 

PCR primers

The PCR primers used were designed by Garcia-
Yoldi et al. (2006). These primers amplify three 
bands:	 a	 152	 bp	 band	 positive	 for	 all	 Brucella 
species except for B. neotomae; a 272 bp band 
present only in B. canis, B. suis, and B. neotomae; 
and a 794 bp band positive in B. canis group 2. 
An	additional	primer	pair	 that	 amplifies	 a	Brucella 
genus-specific	 451	 bp	 band	 present	 in	 all	Brucella 
species was also used (Table 1). Despite not having 
been reported as B. canis-specific	 by	 Garcia-
Yoldi et al. (2006), the 794 bp band was detected 
and determined as such in a previous study on 
Colombian strains belonging to B. canis Group 
2 (Ortiz et al., 2012). The combination of primers 
listed in table 1 was used to detect at least one of 
these fragments in each sample, in order to be 
considered positive for B. canis infection. 

Table 1. Sequences of primers used and regions amplified in B. canis.

Primer Sequence (5´-3´) Amplicon size (bp) DNA target

BMEI1436F

BMEI1435R

ACGCAGACGACCTTCGGTAT

TTTATCCATCGCCCTGTCAC
794 Fragment of polysaccharide deacetylase and pyruvate 

phosphate di-kinase

BMEI0535F

BMEI0536R

GCGCATTCTTCGGTTATGAA

CGCAGGCGAAAACAGCTATAA
451 Immunodominat antigen bp26

BR0953F

BR0953R

GGAACACTACGCCACCTTGT

GATGGAGCAAACGCTGAAG
272 Amino acid ABC (ATP Binding Cassette) transporter 

permease

BMEII0987F

BMEII0987R

CGCAGACAGTGACCATCAAA

GTATTCAGCCCCCGTTACCT

152
Formylglycine-generating sulphatase enzyme
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PCR conditions

The PCRs were performed as previously 
reported by Ortiz et al. (2012). Each sample was 
run	 in	 triplicate.	A	 total	volume	of	25	μL	was	used,	
containing	3	μL	of	1	ng/μL	DNA	template,	0.625	μL	
of	0.25	μM	of	each	primer	(Table	1),	0.2	μL	of	Taq 
DNA	 polymerase	 (5	 IU/μL, Fermentas	 Taq	 DNA	
polymerase	 recombinant.	 Foster	 City,	 CA,	 USA),	
3	 μL	 of	 3	mM	MgCl2 

(Fermentas, Foster City, CA, 
USA),	 2.5	 μL	 of	 10X	 buffer	 with	 Tris-HCl,	 Triton	
X-100,	 and	 KCl	 (pH	 8.8)	 (Fermentas,	 Foster	 City,	
CA,	USA),	and	0.5	μL	of	10	mM	of	each	dNTP,	and	
completed	with	distilled	water.	Amplification	was	run	
in a PTC 200 thermocycler (Perkin-Elmer Inc., San 
Jose,	CA,	USA)	for	25	cycles,	as	reported	by	García-
Yoldi et al. (2006). Water was added to the negative 
control. DNA from the attenuated Carmichael B. 
canis M- strain, a less mucoid strain used to prepare 
antigen for the serologic test, served as positive 
control (Carmichael and Joubert, 1987).

Filter pipette tips and pipettes for PCR were 
used exclusively to avoid contamination with DNA 
carry over. Protocol of disinfection and cleaning 
of pipettes and surfaces before and after PCR 
procedure were also applied.

Detection of PCR products 

The PCR products were analyzed in 1% agarose 
gels	 containing	 0.5	 μg/ml	 ethidium	 bromide,	 and	
detected	under	UV	light	using	a	photo-gel	 imaging	
system (Transilluminator Mini Benchtop Model 
M-10E, UVP,	Upland,	CA,	USA).

Limit of detection of the PCR product

To establish the lowest amount of DNA 
detectable by this PCR, DNA from the B. canis 
M-strain	 was	 extracted	 and	 quantified.	A	 hundred-
fold serial dilution of the DNA sample was carried 
out using distilled water. Such dilutions were used 
as templates for PCR. The detection limit was 
determined	 by	 gel	 electrophoresis,	 defined	 as	 the	
last dilution where bands were detected.

Results analysis using two-by-two contingency 
tables

The results of the different tests were compared as 
follows:	PCR	vs. 2ME-RSAT, PCR vs. blood culture, 

and 2ME-RSAT vs. blood culture. The sensitivity (S), 
specificity	(Sp),	positive	predictive	value	(PPV),	and	
negative predictive value (NPV) were determined 
using two-by-two contingency tables.

Ethical statement

This study was conducted based on ethical 
approval	 for	 animal	 (law	 84/1989	 Colombia’s	
National Statute for the Protection of Animals) and 
human	 (Resolution	 No.	 008430/1993	 Ministry	 of	
Health of Colombia) experiments. Samples were 
taken after participating humans and dog owners 
signed an informed consent form. This work was 
conducted under the highest standards of animal care. 

Results

The Multiplex PCR test does not yield ideal 
results when DNA is extracted directly from whole 
blood	 due	 to	 an	 uneven	 amplification	 pattern.	 The	
signal	of	the	152	and	272	bp	bands	is	usually	weak,	
whereas	 the	 451	 and	 794	 bp	 bands	 yield	 a	 better	
signal (Figure 1). 

  1         2        3         4        5        6         C+  

794 bp 

451 bp 

272 bp 

152 bp 

500 bp 

250 bp 

50 bp 

Figure 1. Amplification of the four PCR products (152, 272, 451, and 794 
bp) in blood samples from dogs in Medellin, Colombia. Lane 1: molecular 
weight markers, Generuler™ 50 bp DNA ladder, 50-1000 bp (Fermentas Inc., 
Burlington, Canada); lane 2: negative control (all the PCR reagents without 
DNA), lanes 3, 4: PCR positive blood samples; lane 5: negative blood sample; 
lane 6: positive blood sample; lane C+: positive control (B. canis strain 2 DNA). 

The limit of detection of the PCR -the most diluted 
sample in which all four bands were visible in the gel- 
was determined to be 0.38 pg DNA (Figure 2).
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Figure 2. Limit detection assay. Amplification of four PCR products (152, 
272, 451, and 794 bp) in DNA dilution to determine limit of detection. Lane 
1: 135900 pg/ul, lane 2: 38000 pg, lane 3: 3800 pg, lane 4: 380 pg, lane 5: 
38 pg, lane 6: 3.8 pg, lane 7: 0.38 pg, lane 8: molecular weight markers, 
Generuler™ 50 bp DNA ladder, 50-1000 bp (Fermentas Inc., Burlington, 
Canada).

When regions were compared, it was found that 
10 of the 11 kennels in the urban area were positive 
by at least one diagnostic test, while in rural areas 
9 of the 10 kennels were negative by all tests. The 
most prevalent symptoms in infected kennels were 
related to reproductive failures, such as abortion 
and infertility. There were no reports of B. canis-
infection symptoms in negative kennels. 

A	 total	 of	 54	 dogs	 (10.8%)	 were	 blood-culture	
positive,	 95	 (19%)	were	PCR	positive,	 62	 (12.4%)	
presented	 a	 positive	 serology,	 and	 35	 (7%)	 were	
positive by all tests.

For	all	tests	combined,	the	results	were:	0.4%	of	
the samples were 2ME-RSAT, blood culture positive 
and PCR negative; 3% of the samples were blood 

culture, PCR positive and 2ME-RSAT negative; 
2.6% of the samples were 2ME-RSAT and PCR 
positive but blood culture negative and 2.4% were 
only 2ME-PARP positive; 0.4 and 6.4% of the 
samples were only positive to blood culture and 
PCR, respectively; and 77.8% were negative by all 
three tests.

Of the 91 humans studied, 9 (9.9%) presented 
a positive serology, all corresponding to the urban 
area, and 100% in both regions were negative for B. 
canis by both PCR and blood culture. 

The contingency tables constructed for the 
comparison of the different tests in dogs are shown 
in tables 2 to 4.

Table 2. Two-by-two contingency table of PCR vs. 2ME-RSAT comparison 
in blood culture-positive samples.

PCR
 Positive Negative Total

2ME-RSAT
Positive 35 2 37
Negative 15 2 17

Total 50 4 54

Table 3. Two-by-two contingency table of PCR vs. 2ME-RSAT comparison 
in blood culture-negative samples.

PCR
 Positive Negative Total

2ME-RSAT
Positive 13 12 25

Negative 32 388 420

Total 45 400 445

Table 4 describes results for S, Sp, PPV, NPV 
with	 minimum	 and	 maximum	 values	 and	 a	 95%	
confidence	 interval	 (CI)	 when	 all	 three	 tests	 were	
compared.

Table 4. Results for S, Sp, PPV, and NPV with a 95% CI for all the tests.

Tests compared S (%) 95% CI (%) Sp (%) 95% CI (%) PPV (%) 95% CI (%) NPV (%) 95% CI (%)
2ME-RSAT vs. blood culture 68.5 54.3-80 94.4 91.7-96.3 59.7 46.5-71.7 96.1 93.7-97.6

PCR vs. blood culture 92.6 81.3-97.6 90 86.6-92.4 52.6 42.1-62.9 99 97.3-99.7

PCR vs. 2ME-RSAT 77.4 64.7-86.7 89.2 85.9-91.9 50.5 40.1-60.9 96.5 94.1-98

Discussion

Our results were obtained using primers 
previously reported to identify Brucella species, 
but that had problems because B. canis and B. suis 

were	not	discriminated.	Recently	Lopez-Goñi	et al. 
(2011) and Kang et al. (2011) proposed the use of 
different sets of primers to solve this problem in 
different strains. Our strategy was based on the use 
of primers previously reported by Garcia Yoldi et 
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al. (2006) and, in the present study they are used 
directly in clinical samples and not in strains. The 
primers selected were previously used (Ortiz et al., 
2011) to classify strain isolates in dogs in Medellin, 
Colombia. In the previously conducted in silico 
analysis,	 unspecificities	 in	 humans	 or	 dogs	 were	
not detected. The primers were chosen because the 
circulating B. canis	 was	 classified	 as	 Group	 2,	 so	
that	 amplification	 of	 this	 band	 in	 clinical	 samples	
was an indicator of B. canis infection.

Blood culture is the gold standard and 
unequivocal	 test	 to	 confirm	 infection	 by	 B. canis, 
but diagnostic tests should have high sensitivity and 
specificity,	 and	 also	 be	 quick	 in	 delivering	 results.	
The combination of these features allows a test to be 
useful for diagnosing a disease. PCR test evaluated 
in the present study had a 92.6% sensitivity and 
90%	specificity	when	compared	with	blood	culture.	
This could be due to the PCR detecting circulating 
bacterial	DNA,	while	the	blood	culture	requires	the	
microorganism to be intact and viable in order to be 
isolated. Another reason for PCR positive but blood 
culture negative samples could be that owners did 
not report canines that were receiving antibiotics.

Sensitivity of our PCR was similar to that 
reported by Keid et al. (2010) who tested PCR 
directly from canine whole blood (n = 72) and 
found	97.14%	sensitivity.	With	regard	to	specificity,	
Keid et al.	 (2010)	 reported	 100%	 specificity,	
whereas our results are somewhat lower. This 
difference may be explained by the fact that our 
study was undertaken on a larger number of dogs 
and was a multiplex PCR assay, while the work of 
Keid et al. (2010) was based on PCR with one gene 
as	 single	 target,	 which	 could	 have	 influenced	 the	
results. 

The results reported here also differ from a 
study by Noosud et al. (2009), who reported 100% 
sensitivity	 and	 specificity	 for	 a	 PCR	 test	 that	
amplifies	 the	 16S	 rRNA	 gene	 of	 B. canis when 
compared	with	blood	culture,	while	PPV	was	52.6%	
and NPV was 99%. When PCR was compared with 
2ME-RSAT serological test, it had 77.4% sensitivity 
and	 89.2%	 specificity.	 This	 might	 occur	 because	
PCR is considered a direct test whereas 2ME-PARP 
is an indirect test. PCR test can be positive in acute 

cases with recent bacteremia and still no production 
of antibodies, causing the serological test to be 
negative.	The	opposite	can	also	occur:	PCR	can	be	
negative in cases of chronic infection because of 
the lack of bacteria circulation and localization in 
organs such as the mesenteric lymph nodes. In such 
cases, serology may be positive because antibodies 
were previously produced, as reported by Keid et al. 
(2009). As for PCR false negatives, another reason 
may be the presence of inhibitors in the blood, such 
as hemoglobin and immunoglobulin G, as reported 
by	Queipo	Ortuño	et al. (2008). 

The 13 animals with PCR and 2ME-RSAT 
positive but blood culture negative belong to 
kennels with dogs positive to infection, so they 
could be considered positive dogs. 44 dogs with 
2ME-RSAT or positive PCR outcome but negative 
blood culture results are considered suspects; in 
ideal conditions a follow up should be conducted 
(taking new samples should be considered).

The presence of PCR or blood culture negative 
but serologically positive humans may be explained 
by a previous infection with antibody development 
and bacteria absence in blood. Another reason was 
proposed by Zerva et al. (2001), who concluded that 
the best sample in humans is blood serum and not 
whole blood, precisely because of the large amount 
of inhibitors blood may contain.

Olivera et al. (2011) reported the use of the same 
set of primers as the one used here and applied them 
to DNA extracted from milk and whole blood from 
a dog and the puppy. In that previous study samples 
yielded more positive results by PCR tests than by 
blood culture tests, supporting the proposal that 
PCR	 only	 requires	 the	 presence	 of	 DNA	 and	 not	
metabolically active bacteria.

The utility of a multiplex PCR test is that it 
allows	 simultaneous	 amplification	 of	 several	
target genes. However, it is seldom used in clinical 
samples, as it was designed for bacterial isolates. 
Based on the results presented here, while this test is 
appropriate for use in clinical samples, not all of the 
evaluated genes are good targets for detection. We 
conclude that PCR is useful for B. canis detection 
in clinical samples, but it is better when 2ME-RSAT 
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is also used, because this improves sensitivity and 
specificity,	 the	 results	 are	 rapid	 (being	 obtained	
within 24 to 48 hours), and the presence of whole 
bacterial	 cells	 is	 not	 required	 to	 detect	DNA,	 as	 it	
is the case with blood culture. In conclusion, 2ME-
RSAT is mainly used to diagnose canine brucellosis, 
while PCR and isolation of the infectious agent 
are also used as complementary methods for early 
or acute infection. The combined use of these tests 
could improve accuracy of diagnosis.
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