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Abstract
Due to limitations in commercial diagnostic methods, this study aimed to develop a reliable real-time polymerase chain reaction
(Rt-PCR) assay for early diagnosis of brucellosis. Optimization of the Rt-PCR method was performed on serum samples spiked
by Brucella melitensiswith different densities ranging from 101 to 108 colony-forming units (cfu)/mL; each density was prepared
in ten samples. The limit of detection was investigated by using Thermo DNA extraction kit with Maxima SYBR Green Rt-PCR
and two TaqMan probe–based Rt-PCR protocols performed by QuantiTect and TEMPase multiplex PCR master mixes in two
thermal cyclers, which were Rotor-Gene and Bio-Rad. The validation of the optimized protocol was carried on 20 brucellosis-
negative samples and 20 samples spiked withB. melitensis by using a combination of ThermoDNA extraction kit with TEMPase
PCR master mix. SYBR Green Rt-PCR yielded positive results on all samples having ≥ 104 cfu/mL of B. melitensis in both
thermal cyclers. Its limit of detection was 112DNA copies per reaction. The positivity of both probe-based Rt-PCR protocols was
100% and 80% on the samples having 103 cfu/mL and 102 cfu/mL of B. melitensis, respectively. The limit of detection of probe-
based protocols was defined as 4 DNA copies per reaction. The optimized Rt-PCR protocol showed high-level accuracy,
precision, specificity, and sensitivity, each having a rate of 100%. The current study indicated that the TaqMan probe–based
Rt-PCR protocol optimized and validated with serum samples can be reliably used for early diagnosis of brucellosis.

Introduction

Brucellosis is a zoonosis caused by Brucella genus, which can
be transmitted by consuming unpasteurized milk and milk
products or by direct contact with infected materials (Dadar
et al. 2019). The exact incidence of Brucella infection in
humans is unknown; however, the incidence is reported as <
0.1 per 100,000 populations (ECDC 2018; Majalija et al.
2018). The disease is prevalent in the Mediterranean region,
including Turkey. In our country, the morbidity rate of disease
is 10/100,000 (Deniz et al. 2015).

Heterogeneous and non-specific clinical symptoms of hu-
man brucellosis make the definitive diagnosis of the disease
difficult. Culture and serological methods are frequently used
in routine diagnostic laboratories. Although isolation of
Brucella spp. from blood, bone marrow, or other infected tis-
sues is a gold standard, it takes time and prior use of antibiotics
reduces the likelihood of bacterial growth (Christopher et al.

2010; Wang et al. 2014; Barua et al. 2016; Kumar et al. 2019).
Serological methods can provide useful information to the
clinician in a shorter time than culture. Therefore, they have
gained more importance than isolation. However, it is difficult
to determine an exact limit in antibody titer for the standard
tube agglutination test (STAT) or other serological methods
commonly used in routine (Christopher et al. 2010; Wang
et al. 2014). Agglutinins may be present at 1:80–1:160 titers
in asymptomatic patients coming from endemic areas due to
repeated exposure in the past. On the other hand, since the
titers may be very low in the early bacteremic period of the
disease, the STAT results can be negative or in the dilutions of
1:40–1:80 antibody titers (Christopher et al. 2010; Khan and
Zahoor 2018). Additionally, cross-reactions with antibodies to
Francisella tularensis, Escherichia coli O157, Salmonella
spp., Moraxella phenylpyruvica, and Yersinia enterocolitica
might be a problem in serological tests (Christopher et al.
2010; CDC 2017).

Due to shortcomings in routine diagnosis, a rapid, sensi-
tive, and specific molecular diagnostic method has a crucial
importance. Recently, many conventional PCR and Rt-PCR
tests have been tried with different primers and probes specific
for different gene regions such as encodes a 31-kDa cell sur-
face protein (bcsp31), encodes a 26-kDa periplasmic protein
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(BP26), 16S rRNA, and insertion sequence IS711 (Newby
et al. 2003; Sohrabi et al. 2014; Mohamed Zahidi et al.
2015; Moulana et al. 2016; Sanjuan-Jimenez et al. 2017; Dal
et al. 2018; Kumar et al. 2019). However, there are big vari-
ations on sensitivity and specificity of the homemade proto-
cols (Hasani et al. 2016; Sanjuan-Jimenez et al. 2017; Dal
et al. 2019). In this study, we aimed to develop an optimized
and validated Rt-PCR protocol for early and reliable diagnosis
of brucellosis. We validated the efficacy of Rt-PCR protocol,
which was optimized using a combination of Thermo DNA
extraction kit with three different PCR amplification mixes in
two thermal cycler devices, by determining the performance
indicators such as accuracy, precision, sensitivity, and speci-
ficity of the method.

Material and method

Optimization of Rt-PCR protocol

Optimization of the Rt-PCR protocol was performed on serum
samples spiked with B. melitensis ATCC 23456 standard
strain by using a combination of one DNA extraction kit with
three different PCR master mixes in two real-time PCR cy-
clers. The criterion used for the optimization in this study was
to develop a Rt-PCR protocol that is able to yield positive
results with the lowest number of B. melitensis.

Samples and DNA extraction Positive serum samples were
prepared by using decimal dilutions from 107 to 101 cfu/mL
of heat-killed B. melitensis in sera collected from persons who
did not meet possible or definitive diagnostic criteria defined
byCDC for brucellosis (2017). Each of dilutions was prepared
in ten Eppendorf tubes as 10 different samples, totally 70
samples for all dilutions. Negative serum samples were ob-
tained from 20 healthy individuals. DNA extraction was car-
ried out by a Thermo Scientific GeneJet Whole Blood geno-
mic DNA Purification mini kit (Life Technologies Inc.,
Carlsbad, CA, USA), following the recommendations in kit
instruction (https://www.thermofisher.com/order/catalog/
product/ K0782). Briefly, 200 μL of serum was mixed with
20 μL of proteinase K and 400 μL of lysis solution. After
incubation at 56 °C for 10 min, 200 μL of absolute ethanol
was added and mixed by pipetting. Then, this mixture was
transferred to a spin column and centrifuged. The column
was washed by wash buffer I and wash buffer II. The DNA
on the column was eluted with 50 μL of elution buffer.

Limit of detection of Rt-PCR protocol Limit of detection
(LOD) of a SYBR Green and TaqMan probe–based protocols
was investigated by using the DNA samples with a density of
4 × 104, 4 × 103, 40, 4, 0.4, and 0.04 genome equivalent per
μL. LOD was analyzed in ten examples of each density. By

using probit analysis, the LOD is defined as the lowest amount
ofBrucella genome/mL that is distinguishable from a negative
control with a 95% level of confidence (Burd 2010). Primers
and probes specific to all Brucella species and specific to only
B. melitensis that is responsible for 99% of Brucella infections
in our country were used (Probet et al. 2004; Dal et al. 2018).
Furthermore, the primers and probes specific to the
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) en-
zyme gene were tested in order to control for the presence of
possible inhibitors (Karataylı et al. 2014).

The first application was carried out using 1X SYBRGreen
PCR master mix (Thermo Fisher Scientific, USA) with addi-
tion of 10 pmol from each forward and reverse primer specific
to B. melitensis and 4 μL template DNA in a total reaction
volume of 25μL. Amplification was performed in both Rotor-
Gene (Corbett RG 6000, Australia) and Bio-Rad (CFX-96
C1000 Touch Real-Time System) thermal cyclers. The ampli-
fication conditions were as follows: initial denaturation at
95 °C for 10 min, followed by 45 cycles including denatur-
ation at 95 °C for 15 s, annealing at 65 °C for 30 s, and
elongation at 72 °C for 20 s. Finally, five additional minutes
for extension was done at 72 °C. After the amplification, melt-
ing curve analysis was performed. When there was no ampli-
fication curve, the result was considered negative.

In the probe-based method, two different PCR master
mixes, which were multiplex TEMPase 2x PCR master mix
(Ampliqon, Copenhagen, Denmark) and QuantiTect
Multiplex 2x PCR master mix (Qiagen, Hilden, Germany),
were tested by using 10 pmol from each reverse and forward
primer, 5 pmol from each probe, and 4 μL target DNA in a
total reaction volume of 25 μL. Each reaction tube included
primers and probes for Brucella spp., B. melitensis, and
GAPDH. The amplification conditions for TEMPase PCR
master mix were as follows: the initial denaturation at 95 °C
for 10 min, followed by 45 cycles of 95 °C for 20-s denatur-
ation, 60 °C for 50-s annealing, and 72 °C for 50-s extension.
The amplification parameters used with QuantiTect PCRmas-
ter mix included an initial denaturation at 94 °C for 10 min,
followed by 45 cycles (denaturation at 94 °C for 15 s, anneal-
ing, and elongation at 60 °C for 90 s). Sterilized water was
used as a negative control in each experiment.

Validation of the optimized Rt-PCR protocol

Since we obtained the lowest detection limit by using
TaqMan probe–based protocols and there was no signifi-
cant difference between the Rt-PCR reactions performed
with multiplex TEMPase PCR master mix and QuantiTect
PCR master mix to determine the lowest detection limit,
the validation studies were performed by using a Thermo
Scientific DNA isolation kit with TEMPase PCR master
mix. The TEMPase PCR master mix is cheaper than the
QuantiTect master mix, and the Thermo Scientific DNA
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purification kit allows DNA isolation from all clinical
samples.

The validation studies of the optimized protocol were car-
ried out by providing the minimum necessary criteria for qual-
itative nucleic acid detection methods generated within the
laboratory (Rabenau et al. 2007; Raymaekers et al. 2009).
The accuracy, precision, sensitivity, and specificity of the op-
timized method were performed with the positive (104 cfu/mL
of B. melitensis), low positive (103 cfu/mL of B. melitensis),
and negative samples as shown in Table 1.

Ethical statement This study was approved by the ethics com-
mittee of Ankara Yıldırım Beyazıt University, Ankara/Turkey
(protocol code 2017-125).

Results

Results of SYBR Green–based Rt-PCR protocol

Rt-PCR protocol performed with Thermo DNA Isolation Kit
and Maxima SYBR Green master mix yielded positive results
on all tested samples having B. melitensis density ≥ 104 cfu/
mL. All samples were analyzed in both Bio-Rad and Rotor-
Gene thermal cyclers. In Bio-Rad thermal cycler, the threshold
cycle (CT) values of the samples containing 107, 106, 105, and
104 cfu/mL of the B. melitensis were approximately 23, 28,
33, and 37, respectively. These CT values were 27, 33, 37, and
39 in Rotor-Gene thermal cycler, respectively (Fig. 1). The Rt-
PCR amplification curves were proved by melting curve anal-
ysis. Melting temperature of the all amplicons was recorded as
84 °C in both thermal cycler devices. Amplification curve
could not be obtained from most of the samples spiked with
B. melitensis less than 104 cfu/mL (103 and 102 cfu/mL).
Probit analysis showed that the limit of detection of SYBR
Green Rt-PCR protocol was 7 × 103 cfu of B. melitensis per
mL of serum samples, equivalent to 112 DNA copies per PCR

reaction. No difference on the limit of detection was recorded
in two cyclers (Fig. 1).

In order to increase analytical sensitivity and limit of de-
tection, probe-based Rt-PCR protocols were performed using
two commercial PCR master mixes: Ampliqon Multiplex
TEMPase 2X master mix and QuantiTect Multiplex 2X mas-
ter mix.

Results of probe-based Rt-PCR protocols

Significant amplification curves were obtained in all samples
including B. melitensis ≥ 103 cfu/mL with both QuantiTect
PCR master mix and TEMPase PCR master mix. Positive
results were obtained in 8 (80%) of the 10 samples having a
density of 102 cfu/mL. By using probit analysis, the LOD
value of both amplification mixes was found to be 218 cfu/
mL (equivalent to ~ 4 DNA copies per amplification reaction).
Amplification curves shifted from right to left in the samples
having high bacterial density (Fig. 2).

The mean CT values for Brucella spp. and B. melitensis
were 34.09 ± 0.49 and 35.07 ± 0.56 on the samples having
104 cfu/mL, respectively. For the density of 103 cfu/mL, the
meanCT values forBrucella spp. andB. melitensiswere found
as 37.42 ± 0.39 and 38.83 ± 0.42, respectively. For the density
of 102 cfu/mL, these values were 40.78 ± 0.45 and 41.1 ±
0.32, respectively. The CT values of the GAPDH primers gen-
erated with different master mixes ranged from 25.73 to 26.93
(mean 26.16 ± 009) (Fig. 3). The performance of two Rt-PCR
cyclers was similar.

Results of validation studies

Amplification was observed in all samples including positive
(n = 10) and low positive (n = 10) DNA templates. The ana-
lytic sensitivity of the optimized Rt-PCR protocol was esti-
mated as 100% in the samples having B. melitensis DNA ≥
103 copies/mL. The mean CT values for the samples having

Table 1 Validation parameters
used for the optimized Rt-PCR
protocol

Parameters Tested samples No. of the samples

Accuracy Positive 3

Low positive 3

Negative 3

Sensitivity Positive 10

Low positive 10

Specificity Negative 20

Precision (3 times in the study) Positive 1

Low positive 1

Precision (between the assays—1 time in 3 separate days) Positive 1

Low positive 1
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104 and 103 copies DNA/mL were 35.07 and 38.83, respec-
tively. The optimized Rt-PCR protocols yielded no amplifica-
tion curve with 20 negative control samples indicating 100%
specificity (Fig. 4). Both accuracy and precision parameters
were found to be 100%. Details of the validation studies were
provided in Table 2.

Discussion

Due to limitations in conventional laboratory tests used for
brucellosis, DNA amplification–based methods have become
commonly used approaches to help clinicians for more accu-
rate evaluation of patients with suspected serological results or
clinical symptoms. PCR-based approaches are able to give
results in a short time; however, there are big variations on
their accuracy, sensitivity, specificity, and reproducibility
(Queipo-Ortuño et al. 2005a; Wang et al. 2014; Sanjuan-
Jimenez et al. 2017). The effectiveness of the PCR protocols
has been affected by many internal and external factors such
as using different extraction protocols, PCR master mixes,
amplification parameters, inhibitors, type of the clinical sam-
ples (serum, plasma, etc.), and the used target genes
(Garshasbi et al. 2014; Sanjuan-Jimenez et al. 2017; Dal
et al. 2018; Hull et al. 2018; Kumar et al. 2019). A Rt-PCR
protocol optimized and validated in clinical samples can be a

good alternative for making a final decision in the diagnosis
and follow-up of human brucellosis.

In the current study, LOD of Rt-PCR protocols was inves-
tigated using a SYBR Green and two TaqMan probe–based
master mixes in two real-time PCR thermal cyclers. The LOD
of SYBRGreen Rt-PCRwas 112 DNA copies per reaction. In
contrast to our result, the LOD of SYBR Green I–based Rt-
PCR was reported as low as 5 fg (a genome equivalent) in a
previous study (Queipo-Ortuño et al. 2005a). In that previous
study, DNAwas extracted by boiling method and Rt-PCRwas
performed with the primers specific for the gene encoding an
immunogenic membrane protein of 31 kDa (bcsp31) of
B. abortus in LightCycler instrument (Roche Diagnostic,
Mannheim, Germany). In the current study, we used the
primers targeting to bcsp31 for Brucella spp. and primers
targeting to the insertion of an IS711 element downstream of
BMEI1162 gene for B. melitensis on the DNA samples
extracted by a commercial DNA isolation kit. Garshasbi
et al. (2014) also showed that PCR efficacy was affected by
the primers used in the PCR protocol. They obtained higher
positivity with the primers specific for bcsp31 gene than those
specific for the IS711 gene. Moreover, Thakur et al. (2018)
used the primers specific for bcsp31 gene in SYBR Green Rt-
PCR, and they found positive results on all samples having 10
or more DNA copies. By contrast, Bounaadja et al. (2009)
compared the detection limit of Rt-PCR method performed

Fig. 1 The amplification curves of SYBR Green Rt-PCR performed on the samples spiked by B. melitensiswith 107, 106,105, and 104 cfu/mL in Rotor-
Gene (left) and Bio-Rad (right) thermal cyclers. RFU relative fluorescence units; NK negative control

Fig. 2 Amplification curves of probe-based Rt-PCR protocol performed in three separate reactions. Red curves above the threshold line belonged to
GAPDH signals; blue curves belonged to Brucella spp.; and green curves belonged to B. melitensis. RFU relative fluorescence units
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with the primers and probes targeting the insertion sequence
IS711, bcsp31, and per genes for the detection of Brucella at
genus level, and the lowest detection limit (2 fg DNA) was
reported with the primers targeting the IS711 gene.

Although SYBR Green–based PCR protocol is rela-
tively cost-effective and easy to use, its low specificity
because of any non-specific binding of SYBR Green to
DNA is a problem (Tajadini et al. 2014). In order to in-
crease the analytic sensitivity, specificity, and reproduc-
ibility of the Rt-PCR protocol, probe-based PCR proto-
cols have become in use. In the current study, the
TaqMan probe–based Rt-PCR protocols increased analytic
sensitivity at least 28-fold; its LOD was defined as ap-
proximately 4 genome copies per reaction (218 cfu/mL)
while it was 112 copies for SYBR Green–based PCR.
Similar to our experimental design, two previous studies
performed on the serum samples spiked with B. abortus
and B. melitensis cells found analytical sensitivity of the
TaqMan probe–based Rt-PCR as 2 genome copies
(Queipo-Ortuño et al. 2008; Sohrabi et al. 2014). In an-
other study, TaqMan probe–based Rt-PCR was performed
on B. melitensis isolated from biopsy material and its
LOD was reported as 57 copies/mg of tissue (Navarro-
Martinez et al. 2008). Newby et al. (2003) used SYBR

Green I, TaqMan, and hybridization probes (fluorescence
resonance energy transfer [FRET]) to evaluate Rt-PCR
detection of B. abortus. They found the lowest LOD for
all three approaches as 2 genome copies; however, the
higher efficiency was reported for probe-based Rt-PCR
protocols (Table 3).

The limit of detection of PCR protocols have been directly
affected by the quality and purity of the extracted DNA
(Queipo-Ortuño et al. 2007; Olson and Morrow 2012; Ali
et al. 2017; Dilhari et al. 2017; Hull et al. 2018). The DNA
extraction protocols should be able to provide good-quality
DNA and to remove the existing inhibitors in clinical samples.
Recently, improved DNA isolation methods are available to
remove inhibitors and to recover a maximum amount of DNA,
which is acceptable for PCR amplification (Ali et al. 2017). The
Thermo Scientific GeneJet Whole Blood genomic DNA purifi-
cation mini kit, which is an enzymatic lysis and colon
purification–based protocol, was used in the current study. We
always obtained positive results on internal control DNAs, indi-
cating successfully removing the inhibitors. This is in agreement
with a previous study that tested the performance of this extrac-
tion protocol in whole blood samples (Dal et al. 2018).

The validation studies of the optimized Rt-PCR protocol
indicate a complete accuracy and intra- and inter-assay

Fig. 3 The distribution of CT

values of 20 different Rt-PCR re-
actions. Red squares represented
GAPDH, blue squares
B. melitensis, and pink squares
Brucella spp. Horizontal lines in-
dicated mean CT values

Fig. 4 Rt-PCR amplification curves obtained from 10 positive (104 DNA
copies/mL) and 10 low positive (103 DNA copies/mL) samples (left) and
20 negative control serums (right). Blue amplification curve represented

Brucella spp., green amplification curve represented B. melitensis, and
red amplification curve represented GAPDH. RFU relative fluorescence
units
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reproducibility. Both intra- and inter-assay variations of
our assay were lower than those of previous studies that
used a similar approach (Queipo-Ortuño et al. 2005b,
2008). The CT values of repeated experiments on the sam-
ples spiked with equal numbers of B. melitensis were found
to be close to each other. For instance, the mean CT values
of 20 different Rt-PCR reactions for Brucella spp. and
B. melitensis primers/probes were 34.09 ± 0.49 and 35.07
± 0.56 on the samples having 104 cfu/mL, respectively.
Such a limited variation in mean CT values was also re-
corded for samples having Brucella ≤ 103 cfu/mL. These
results also provided additional data to support the repro-
ducibility and reliability of the results obtained from the
optimized Rt-PCR method in the current study.

TaqMan-based Rt-PCR protocol optimized and validated
in the current study had a 90% sensitivity on the samples
having ≥ 102 cfu/mL of B. melitensis and 100% specificity
on negative control samples. As it was expected, while the
sensitivity was 100% on the samples having ≥ 103 cfu/mL of
B. melitensis (equal to 4 DNA copies per reaction), it de-
creased to 80% for the samples having 102 cfu/mL (equivalent
to 1.6 DNA copies per reaction). In parallel to our study, a
recent study, which used TaqMan probe–based Rt-PCR pro-
tocols on the samples spiked by B. melitensis standard strain,
showed that the sensitivity was 100% at 6.25 genomes per
reaction; however, it decreased to 80% at 3125 genomes per
reaction (Kaden et al. 2017). Queipo-Ortuño et al. (2008) re-
ported 93.5% sensitivity of TaqMan real-time PCR in the
samples having 5 × 103 DNA copies/mL with a specificity
of 98.4%. Sensitivity and specificity of PCR methods also
showed variation based on conventional or Rt-PCR applica-
tions and reference tests used to evaluate the results of PCR
protocols. The sensitivity of TaqMan Rt-PCR among the

samples from brucellosis patients whose blood cultures were
positive and patients suspected of having brucellosis was re-
ported as 100% and 72%, respectively (Sohrabi et al. 2014). In
a recently published study comparing TaqMan Rt-PCR with
conventional diagnostic tests, 97.2%, 77.3%, and 83% sensi-
tivities were reported on the culture, STAT, and Coombs’ pos-
itive samples, respectively (Dal et al. 2019). Mukherjee et al.
(2015) optimized a TaqMan Rt-PCR having a sensitivity of
77.8% and specificity of 100%. Li et al. (2018) used a non-
probe-based Rt-PCR for detection of brucellar spondylitis on
formalin-fixed paraffin-embedded tissues, and they reported
sensitivity of 93.5% and specificity of 100%. In another study
performed on serum samples, the sensitivity and specificity of
the SYBR Green Rt-PCR were estimated as 93.3% and
91.9%, respectively (Queipo-Ortuño et al. 2005a). Hinić
et al. (2009) compared the performance of TaqMan Rt-PCR
with serological tests on blood and tissue samples of wild
boars, and they reported higher Rt-PCR positivities (11% for
blood and 26% for tissues samples) than those of serological
tests (16% for Rose-Bengal agglutination test and 7% for
ELISA). In their study, there was no comparison of Rt-PCR
with seropositive or negative samples. Das et al. (2018) com-
pared the sensitivities of SYBR Green Rt-PCR, polymerase
spiral reaction, and conventional PCR protocols on the stom-
ach contents of fetal abortion animals; the sensitivities of these
protocols were found as 44.6%, 44.6%, and 35.7%, respec-
tively. In another study, the sensitivity and specificity of the
conventional PCR protocols were reported to be 88–96% and
80.7%, respectively, when the standard tube agglutination test
was used as a reference method (Garshasbi et al. 2014). Hajia
et al. (2016) used conventional multiplex PCR, and they re-
ported sensitivity as 37% in ELISA-positive and specificity as
6% in ELISA-negative serum samples (Table 3).

Table 2 The positivity rates
obtained from validation studies
of the Rt-PCR protocol

B. melitensis Brucella spp. GAPDH (internal control)

Accuracy

Positive samples 3/3 3/3 3/3

Low positive samples 3/3 3/3 3/3

Negative control 0/3 0/3 3/3

Sensitivity

Positive samples 10/10 10/10 10/10

Low positive samples 10/10 10/10 10/10

Specificity

Negative control 0/20 0/20 20/20

Precision in the study

Positive sample 3/3 3/3 3/3

Low positive samples 3/3 3/3 3/3

Precision between the assays

Positive 3/3 3/3 3/3

Low positive 3/3 3/3 3/3
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A variety of PCR protocols have been developed to
detect Brucella spp. in blood or serum samples spiked
with various number of Brucella spp., as well as in clin-
ical samples. However, there are only few studies opti-
mized and validated Rt-PCR to detect a low number of
B. melitensis in clinical samples such as our study. The
results of the current study showed that TaqMan-based Rt-
PCR protocol was able to give reliable and reproducible
results with a 90% sensitivity on samples having Brucella
spp. ≥ 102 cfu/mL, which was much lower than that of the
defined cutoff value of 5 × 103 copies/mL for active bru-
cellosis (Queipo-Ortuño et al. 2008). Detection and iden-
tification of such a low number of B. melitensis in clinical
samples are important because of the predominance of
this species in Turkey and many other countries (Probet
et al. 2004; Hajia et al. 2016; Mohamed Zahidi et al.
2015; Li et al. 2018; Dal et al. 2019).

In conclusion, we suggest that this sensitive and specific
Rt-PCR protocol can be used as an alternative approach to
overcome the drawbacks in the conventional tests for the di-
agnosis of brucellosis in patients with clinical signs compati-
ble with brucellosis or in the case having fever with unknown
origin in endemic area. Despite the clinical findings, this
method may contribute to treatment in immunosuppressive
individuals with seronegative results and change prognosis
by shortening the time required for diagnosis.
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Table 3 Comparison of real-time PCR protocols used in the current and previous studies

Methods Target gene Lowest limit of
detection

Sensitivity Specificity Species Reference

Syber Green–based
Rt-PCR

Bcsp31 10 genome copies n.a. 100 Brucella spp. Thakur et al. 2018

Bcsp31 n.a. 93.3 91.9 Brucella spp Queipo-Ortuño et al.
2005a

Bcsp31 1 genome copy 91.9 95.4 Brucella spp Queipo-Ortuño et al.
2005b

BMEII0466 n.a. 93.5 100 B. melitensis Li et al. 2018

IS711 11.8 fg 44.6 100d Brucella spp. Das et al. 2018

alkB-IS711 2 genome copies 100b 0c B. abortus Newby et al. 2003

IS711-BMEI1162 112 genome copies 100a 100 B. melitensis This study

TaqMan-based Rt-PCR Bcsp31 2 genome copies 93.5 98.4 Brucella spp. Queipo-Ortuño et al.
2008

Acetyl-CoA
acetyltransferase

6 genome 100 a 100 B. melitensis Kaden et al. 2017
copies 80 a

3 genome copies

Bcsp31 2 genome copies 72–100 100 Brucella spp. Sohrabi et al. 2014

Bcsp31 1 genome copy 77.8 100 Brucella spp. Mukherjee et al. 2015

alkB-IS711 2 genome copies 100 b 83c B. abortus Newby et al. 2003

Bcsp31 1.6 genome copies 90 a 100 Brucella spp. This study
IS711-BMEI1162 B. melitensis

Conventional PCR IS711 n.a. 37 6 B. melitensis Hajia et al. 2016
B. abortus, B. suis

Bcsp31 n.a. 96.1 80.7 Brucella spp. Garshasbi et al. 2014
IS711 n.a. 88.2 80.7 B. melitensis and

B. abortus

IS711 1.18 pg DNA 35.7 100d Brucella spp. Das et al. 2018

n.a. not available, pg picogram
a For DNA extracted from serum samples spiked with B. melitensis ≥ 102 cfu/mL
b For DNA extracted from B. abortus standard strains
c For DNA extracted from non-B. abortus and non-Brucella standard strains
d For DNA extracted from non-Brucella bacteria
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