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Abstract. This study aimed to compare polymerase chain reaction (PCR) with serum agglutination test (SAT) in the
diagnosis of patients before and 6 months after treatment. Peripheral blood specimens from 50 patients with brucellosis
(case group) and 30 subjects without brucellosis (control group) were selected and entered into the study. The diagnosis
of brucellosis was established using SAT ≥ 1:160 and 2-mercaptoethanol (2-ME) ≥ 1:80 with clinical signs and symptoms
compatible with brucellosis. For each case, both before treatment and 6 months after completion of therapy, SAT, 2-ME,
and PCR were performed. Subjects in the control group were assessed by the same tests at the initial visit. In the case
group, 50 patients (36 males, 14 females) with the mean age of 43.6 ± 14.5 years were evaluated. The mean age of the
control group was 40.6 ± 14 years. Among the 50 patients whose nested PCR assays were initially positive, 43 (86%)
were negative 6 months after completing treatment. Relapse occurred in five (10%) patients within 6 months after treat-
ment and all were PCR positive. None of the patients in the control group was PCR positive. Results show that PCR
seems to be highly sensitive and specific, and therefore is a useful method for both the initial diagnosis and detection of
relapse or chronic brucellosis.

INTRODUCTION

Human brucellosis is a systemic infectious disease with
clinical nonspecific presentation, and phases of the disease
may be acute, subacute, and chronic.1,2 Although appropri-
ate regimens of therapy are available for the treatment of
the disease, the problem of treating this disease has not been
completely resolved, and selection of the best treatment regi-
men is controversial.3,4 Since the clinical feature of brucello-
sis has overlapped with an extensive range of infectious
and noninfectious diseases, the most reliable technique for
the diagnosis of this infection is with the use of laboratory
methods, but this goal has not always been successful.5 Proper
diagnoses are important, especially in the form of therapeutic
failure and relapsed cases. At present, the most commonly
used methods for the diagnoses of brucellosis are culture and
serological tests. Although the isolation of bacteria is the
“gold standard,” microbial culture is often negative and
depends on the culture medium, quantity of circulating bacte-
ria, and Brucella species. Therefore, serological testing such as
serum agglutination test (SAT) seems to be more effective in
the diagnosis of brucellosis. At the early stage of infection, or
in the presence of blocking antibodies, the sensitivity of this
test is low and false-negative reactions may occur. Sometimes,
this test may have a cross-reaction or false-positive reaction in
samples obtained from patients with nonspecific symptoms
misdiagnosed as having brucellosis.6–8 Because of these limita-
tions, a variety of molecular methods, mainly polymerase
chain reaction (PCR), has been developed for the rapid iden-
tification of organisms in the clinical setting. PCR method
proved to be very simple, quick, sensitive, specific, and very
useful in clinical laboratories.9,10 Even some studies showed
that standard PCR not only is a useful diagnostic tool for
patients with clinical signs and symptoms with negative SAT
test, but also a predictive marker for the course of the disease

and posttreatment follow-up, which is valuable for the early
detection of relapse.11,12

Recently, PCR has been applied for the follow-up of
patients with brucellosis treated with doxycycline alone or
doxycycline plus gentamicin. It was illustrated that bacterial
DNA persisted in the blood of several patients throughout
treatment and their follow-up showed a significant clinical
recovery.13,14 Different target genes, primer pair PCR tech-
niques, and extraction procedure have been previously devel-
oped for the detection of genus Brucella.15,16 Molecular assays
targeting the IS711 insertion element, which is found in multiple
copies within Brucella chromosomes, also improve analytical
sensitivity in clinical applications.17,18 The aim of the present
study was to compare PCR with the SAT tests in the diagnosis
of brucellosis in patients before and 6 months after treatment.

MATERIALS AND METHODS

From June 2014 to January 2016, 50 patients with acute
brucellosis who were treated and followed up for 6 months
at the Department of Infectious Diseases and Tropical Medi-
cine Research Center of Babol University of Medical Sci-
ences, Iran, were entered into the study. The last patient’s
follow-up was in January 2016. Brucellosis cases (case group)
and 30 individuals who were ill and had a disease other than
brucellosis with similar mean age, sex, and place of residence
(rural or urban) were selected as the control group. For each
patient, a record was prepared and the clinical manifestations,
demographic features, and outcomes of treatment were noted
on it. The exclusion criteria for our research were cases with
meningitis, spondylitis, endocarditis, pregnant women, and
those who received antibiotics for more than 7 days.
At first, Rose Bengal test (RBT) was done for all cases,

whereas SAT and 2-ME tests were performed for those with
positive RBT test. For those who had clinical symptoms and
signs compatible with brucellosis with SAT < 1:160, the anti-
human globulin Coombs test (Coombs Wright test) was
done. SAT, 2-ME, and Coombs Wright tests were carried out
using the Pasteur protocol kit (Iranian Institute for Health
Sciences Research. Co, Tehran, Iran). These tests were also
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done for the control group. Those who had SAT ≥ 1:160 and
2-ME ≥ 1:80 with clinical symptoms and signs (fever, arthral-
gia, myalgia, back pain, and sweating) were considered to
have brucellosis. For these patients, blood culture was done
with 7–10 mL of blood inoculated in Castaneda’s biphasic
medium and incubated at 37°C for 28 days.
For molecular assessment, 2 mL blood sample was taken

from the case and control groups. The treatment regimen
was gentamicin for 7 days and doxycycline for 45 days. The
gentamicin dosage was 5 mg/kg at most to 240 mg/day intra-
muscularly and doxycycline 100 mg twice a day. For bru-
cellosis treated cases, an additional 5 mL blood was taken
6 months after completion of the treatment for assessing
molecular and serological tests. For the detection of relapse,
all patients were advised to refer when clinical symptoms
and signs reappeared within 6 months after treatment.
Relapse was considered to be the reappearance of clinical
symptoms and signs by increasing the previous serological
titers, or the appearance of a new focal form highly sugges-
tive of brucellosis.19

Isolation of DNA from clinical blood specimens. About
2 mL of peripheral blood sample was collected in sodium
citrate and was used for PCR analysis. All samples were in
aliquot and stored at −20°C until tested. DNA was extracted
from whole blood (200 μL) with the QIAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany) in accordance with the
manufacturer’s instructions.
Isolation of DNA from control positive and negative

strains. To evaluate the specificity of primers and to detect
the contamination during the extraction stage of the DNA,
we used Brucella melitensis serotype 1 (strain 16M) and
Brucella abortus B19 as the positive control (provided by
Department of Bacterial Vaccines and Antigens Production,
Pasteur Institute of Iran) and the standard strains of Staphylo-
coccus aureus (ATCC 25923), Bacillus cereus (ATCC 9634),
Escherichia coli (ATCC 25922), Pseudomonas aeruginosa
(ATCC 8821), and Klebsiella pneumoniae (clinical isolate),
as the negative control (provided by Persian Type Culture
Collection of Iranian Research), which may cause similar
clinical symptoms of brucellosis. DNA from these strains
was isolated using purification Kit (Roche Applied Science,
Mannheim, Germany) according to the manufacturer’s instruc-
tions. The DNA pellet was suspended in 100 μL of 10 mmol
TE buffer and stored at −20°C until required for analysis.
DNA concentration and purity were assessed by reading
NanoDrop 2000c (Thermo Scientific, Waltham, MA) spec-
trophotometer A260/A280 values and were confirmed by visu-
alization on 1% agarose gel.
PCR primers. Three novel specific primers were designed

in this study through extensive literature and nucleotide
sequence searches in the National Center for Biotechnology
Information (NCBI) databases for the detection of IS711
genes. The whole sequence of Brucella chromosome 1 was
analyzed and compared with all other chromosomes and
the available standard Brucella strains. The primers were
designed in a way that the target sequence covers all intra-
species biovars. Primer pairs were studied using the Allele
ID6 software (PREMIER Biosoft, Palo Alto, CA). The DNA
sequence compared with GenBank database was searched
and assessed of species assigned to the genus using BLAST
(basic local alignment search tool; NCBI). From solution,
10 pmol primers were used in all experiments.

Thermal cycle reactions PCR. Subsequently, PCR assays
were designed to optimize and evaluate simultaneous detec-
tion of Brucella spp., detection for targeting IS711 by detection
error tradeoff (Forward: 5′-AGAATAATCCACAGAAGGT
AGAG-3′) (Reverse: 5′-ATCCAAGGTCAATCCAACAC-3′).
Each PCR reaction mixture contained 2.5 μL 10× amplifica-
tion buffer (500 mM KCl, 100 mM Tris/HCl [pH 8.5], 1.0%
Triton X-100), 0.5 μL 25 mM MgCl2, 0.3 μL each of 2.5 mM
deoxynucleotide triphosphates (Fermentas, GmbH, Germany),
0.5 μL forward and reverse primers (20 ng/μL), 0.2 μL Taq
DNA polymerase (5 U/μL), and 5 μL extracted DNA. After
an initial denaturation step at 94°C for 4 minutes, 30 amplifi-
cation cycles were performed, each consisting of 1 minute at
94°C, 1 minute at 60°C, and 1 minute at 72°C, followed by a
final extension step at 72°C for 12 minutes. Then, the PCR
products were analyzed using the electrophoresis technique on
1.5% agarose gel stained by 0.5 μg of ethidium bromide/mL
and visualized under ultraviolet transilluminator. The test was
considered positive if the signal from the amplified product
and 403 base pairs (bp) was clearly visible in both samples
(control and clinical strains).
Thermal cycle reactions nested PCR. The nested PCR

assays were designed Nes1 (Forward: 5′-CAAGCCGCTCAT
ATTCAC-3′) (Reverse: 5′-CCAAGGTCAATCCAACAC-3′)
and Nes2 (Forward: 5′-CGCTCGCTGCCATACTTGC-3′)
(Reverse: 5′-CGCTCGCTGCCATACTTGC-3′) primers.
Nested PCR reaction mixture was similar to PCR.
The first PCR amplification consisted of an initial denatur-

ation step at 94°C for 4 minutes, followed by eight cycles of
denaturation at 94°C for 1 minute, annealing temperature at
58°C for 1 minute, and elongation at 72°C for 1 minute. Next
PCR reaction was carried out similar to the first except that
the annealing temperature was 68°C for 27 cycles and final
extension at 72°C for 10 minutes. All tests included positive
controls of B. melitensis serotype 1 (strain 16M) DNA and
negative controls. To detect any possible contamination dur-
ing the extraction stage of the DNA, all the PCR assays
included control samples from a healthy person. Moreover,

TABLE 1
Epidemiological, clinical, serological, and molecular results of

50 patients with brucellosis
Characteristics Values

No. of patients (male) 50 (36 male)
Age, mean age ± SD years 43.6 ± 14.5 years (range 15–75)
Rural residence, no. (%) 29 (58%)
Exposure history, no. (%) 29 (58%)
Fever, no. (%) 37 (80.4%)
Arthralgias, no. (%) 25 (50%)
Low back pain, no. (%) 25 (50%)
Complication

involvement, no. (%)
22 (43.5%)

Sacroiliitis, no. (%) 6 (27.3%)
Knee arthritis, no. (%) 10 (45.5%)
Wrist arthritis, no. (%) 2 (9.1%)
Epididymo-orchitis, no. (%) 4 (18.2%)
SAT ≥ 1/160, no. (%) 43 (86%)
Antihuman globulin

Coombs test, no. (%)
7 (14%)

Patients with positive
nested PCR, no. (%)

50 (100%)

Relapsed patients with
positive PCR, no. (%)

5 (10%)

PCR = polymerase chain reaction; SAT = serum agglutination test; SD = standard deviation.
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to ensure the reliability of the results, all of the samples were
processed in duplicate. The test was considered positive if
the signal from the amplified product 293 bp was clearly visi-
ble in samples. Finally, the amplification products (PCR and
nested PCR) were extracted from the bands on the gel using
Gel Extraction kit (Qiagen, GmbH) and then were evaluated
by sequencing.
Statistical analysis. The collected data were statistically

analyzed using SPSS program (software version 17.0). Assay
sensitivity was calculated using SAT positive (titer ≥ 1/160)
as the reference standard. Sensitivity, specificity, positive and
negative predictive values, likelihood ratios, and 95% confi-
dence intervals were calculated using the analyzer program.
Ethical considerations. This study was approved by the

Infectious Diseases Research Center and the Ethics Committee
of Babol University of Medical Sciences (protocol no. 4018).
Written informed consent was obtained from all participants
before involvement in the study.

RESULTS

Fifty patients (36 males, 14 females) with the mean age of
43.6 ± 14.5 years (range, 15–75 years) were evaluated. The
mean age of the control group was 40.6 ± 14 years. Patients
were mostly from rural areas and 29 (58%) had history
of exposure such as contact with animals or consumption of
local unpasteurized dairy products. The mean duration of
symptoms before the diagnosis of brucellosis was 44 days
(range, 7–60 days) in 43 (86%) of the cases. More than 80%
of patients presented with fever; they had nonspecific symp-
toms such as arthralgia and low back pain. The clinical pic-
ture in 28 (56.5%) patients was a nonfocal febrile syndrome,
and the other 22 (43.5%) had one or more focal forms:
sacroiliitis, six (27.3%); knee arthritis, 10 (45.5%); wrist arthri-

tis, two (9.1%); and epididymo-orchitis, four (18.2%). The
characteristics of the patients are shown in Table 1.
At the time of diagnosis, the RBT agglutination test, SAT,

and 2-ME were significantly positive in 43 patients and seven
persons who had SAT < 1:160, their Coombs Wright test was
≥ 1:160. Brucella DNA was detected in 44 (88%) cases and
six patients SAT ≥ 1:160 were PCR negative. All 50 (100%)
patients were positive by the nested PCR assay. The data
from the patients before and 6 months after treatment are
shown in Table 2. Blood culture was positive in five (10%)
patients. The sensitivity and specificity of our nested PCR
assay was 100%, but no PCR amplification product was
detected from the negative controls (non-Brucella species
or healthy samples) (Figure 1). In the control group, RBT,
SAT, and Brucella DNA were negative. At the 6-month
follow-up after treatment, PCR was negative in 43 (86%) of
the 50 patients whose nested PCR was initially positive.
Among the seven (14%) patients who continued to have
positive posttreatment PCR, five (10%) cases had relapsed
(one case at 3 months, two cases at 4 months, and two
cases 6 months after treatment), whereas two cases remained
asymptomatic. These patients were also positive by both
PCR and SAT tests, but their blood cultures were negative.
The characteristics of these patients are shown in Table 3.
Using nested PCR as the gold standard, the sensitivity and
specificity of SAT ≥ 1:160 were 84.2% and 100%, respec-
tively, as shown in Table 4.

DISCUSSION

In the endemic region, SAT is usually used for the diagno-
sis of brucellosis. However, the sensitivity and specificity of
this test is not significantly high to detect all cases of human
brucellosis. In the early stage of the disease, as well as the

TABLE 2
Comparison of the PCR evaluated with SAT tests in brucellosis patients before and 6 months after treatment

SAT titer No. of cases (%)

First diagnosis

No. of cases (%)

6 months after treatment

PCR (%) Nested PCR (%) PCR (%) Nested PCR (%)

< 1:160 7 (14) 3 (6) 7 (14) 43 (86) 0 0
1:160 14 (28) 13 (26) 14 (28) 2 (4) 0 2 (4)
1:320 23 (46) 22 (44) 23 (46) 1 (2) 1 (2) 1 (2)
1:640 4 (8) 4 (8) 4 (8) 3 (6) 3 (6) 3 (6)
1:1,280 2 (4) 2 (4) 2 (4) 1 (2) 1 (2) 1 (2)
Total 50 (100) 44 (48) 50 (100) 50 (100) 5 (10) 7 (14)
PCR = polymerase chain reaction; SAT = serum agglutination test.

FIGURE 1. Agarose gel electrophoresis of polymerase chain reaction products obtained by amplification of human DNA using the primers
set. Lanes 1–5 and 9–13 are positive samples; lane 6 and 14, positive control (403 and 293 bp, respectively); lane 7 and 15, negative control;
lane 8, DNA ladder.
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presence of blocking antibodies, this test may be negative.
Thus, another pitfall is that using this test in the follow-up of
the treated patients is not appropriate for the selection of
relapse and chronic brucellosis.20–22 In this study, we found
that only five (10%) patients had positive blood culture. If
we consider blood culture as the gold standard of brucellosis,
we may lose around 90% of cases of true brucellosis. Other
researchers have reported positive blood culture in 10–70%
of their cases.6–8,20

With regard to SAT, when we considered SAT for diagnosis
of brucellosis, significant titer of SAT was seen in 43 (86%) of
our cases. Therefore, another reliable test is needed for the
diagnosis and follow-up of all patients with brucellosis.23–25

SAT false-negative results may have occurred in patients with
very recent infection or chronic cases.26–28

With regard to the molecular method, we evaluated useful
nested PCR assay for the diagnosis of human brucellosis in
clinical practice. All 50 (100%) patients were positive by the
nested PCR assay. The suitable results obtained 100% sen-
sitivity and specificity. This high sensitivity suggests that the
PCR method may replace blood culture as the gold standard
for the diagnosis of acute brucellosis.29–31 Our results are
similar to the finding of other researchers reporting that the
species-specific PCR assay with primers IS711 can detect
B. melitensis DNA in both SAT-positive and negative sam-
ples. The sensitivity and specificity of PCR-IS711 compared
with SAT as the gold standard were found to be between
80% and 98% by other researchers.32–34

In this study, 86% of the patients had a negative PCR
6 months after treatment, a fact showing cure of the patients.29

In our revision, Brucella DNAwas detected in two (4%) sam-
ples of clinically cured patients with no significant titers of
their SAT during a 6-month follow-up after treatment with no
evidence of relapse. It is often difficult to decide whether
these patients are really cured.
Nevertheless, Brucella DNA was detected in most brucel-

losis patients during treatment and follow-up, despite the

appropriate antibiotic therapy and obvious clinical recovery
in some studies.26,28,35

We think that these differences may be due to the short-
term follow-up of these studied patients, the high Brucella
bacterial loads of their patients at the time of diagnosis or
the kind of therapeutic regimens that they used. This issue
neither indicates that clinical recovery relating to the eradi-
cation of the organism nor stresses the point that the pres-
ence of DNA may be representing an active disease that
requires treatment.24,26 Hence, bacterial DNA persists in the
blood of several patients throughout treatment and follow-up
in those with significant clinical recovery.13,14 One of the
main characteristics of brucellosis is its noticeable tendency
to relapse after treatment.35 Since nearly 90% of relapses
happened within 6 months after the completion of the treat-
ment, follow-up of these patients is necessary after treatment
to detect any relapse as soon as possible and to provide the
sufficient therapy.36,37 In the present study, five (10%)
patients had relapse during the follow-up period and were
positive by PCR, and had increased titers. Molecular detec-
tion of Brucella DNA can be a sign of acute or chronic bru-
cellosis and may also be detected in asymptomatic subjects
with a history of brucellosis.22,38

In conclusion, our recommendation for physicians is to
consider titer ≥ 1:160 as a diagnostic test in conjunction with
a compatible clinical presentation. The weakness of this study
is the small number of patients, short follow-up period, and
the culture-negative cases that were evaluated. Apart from
the disease stage, PCR techniques such as nested PCR are
more specific and sensitive than serological tests. Conse-
quently, this could be a useful tool for the diagnosis of the
early phases of infection and for posttherapy follow-up of the
disease and the early detection of relapse and chronic cases.
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