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Summary

Brucellosis or Malta fever is a life-threatening systemic human infection and one of the most
common zoonotic diseases worldwide, causing considerable public health and economic prob-
lems. The Determination of antibiotic susceptibility profile of Brucella spp. in each region or
country is clinically important and has essential role in epidemiological studies and infection
control policy planning. The present study aimed to determine the occurrence of the most
common antimicrobial resistance genes among Brucella spp. isolated from Iranian patients. 
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Introduction

Brucellosis or Malta fever is a life-threatening systemic
infection and one of the most common zoonotic di-
seases worldwide resulting in considerable public
health issues and economic losses.1,2 Annually, more
than 500,000 new cases are suspected to have brucel-
losis, with substantial residual disability but minimal
reported mortality, worldwide. The disease is still en-
demic in Middle East countries, Africa, Latin America
and Central Asia and is considered an important cause
of travel-associated morbidity.3,4 Brucella is a Gram ne-
gative facultative intracellular pathogen and cosnsists
of numerous different species with zoonotic potential,
the main being Brucella melitensis, Brucella abortus,
Brucella suis, and Brucella canis mainly affecting sheep
and goats, cattle, swine, and dogs, respectively.5

Generally, the transmission routs to human occurs
mainly by direct contact with infected animals, con-
sumption of contaminated animal products, or thro-
ugh the inhaling airborne agents.6 According to
literature review, the brucellosis appears in the forms
of the acute, sub-acute or chronic and presents itself
usually with flu-like symptoms; including fever, wea-
kness, malaise and weight loss.7 Cardiac and neurolo-
gical complications can also occur at the chronic stage
of brucellosis.8

The optimal treatment of brucellosis requires a
combined regimen of antibiotics that may include
doxycycline, rifampicin, streptomycin, gentamicin,
and trimethoprim-sulfamethoxazole.9 Since the Bru-
cella spp. are intracellular pathogens, antibiotic
choice and duration of treatment are important for
maximal effectiveness.10 furthermore, the site of
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This cross-sectional multicenter study was conducted on non-repetitive blood specimen from
patients suspected to have brucellosis for a period of two years from January 2015 to January
2017 referred to hospitals in Tehran, Ahvaz, Hamadan, Qazvin and Mianeh in Iran. The presence
of mutations in gyrA, parC, rpoB, and aadA1 genes within Brucella isolates were investigated by
PCR method. 
Ninety-one blood samples were included in this study. Presence of the Brucella spp. was con-
firmed in 52 (55%) samples molecularly. PCR screening for the presence of antibiotic resistance
mechanisms showed that 26 (50%), 4 (7.7%) and 2 (3.8%) of isolates were positive for aadA1,
parC and gyrA genes, respectively. None of the isolates contained rpoB genes. Concurrent pres-
ence of parC/aadA1genes was found in 3 (5.8%) of isolates. 
In conclusion, this is the first study to investigate the frequency of antibiotic resistance muta-
tions in Brucella isolates in Iran, detecting antibioti resistance-inducing mutations to commonly
used antibiotics.

Key words
Brucellosis, Brucella, Antibiotic resistance,
Mutation



31

MOLECULAR ANALySIS Of HUMAN BRUCELLOSIS

ΤΟΜΟΣ 65 • ΤΕΥΧΟΣ 1, Ιανουάριος-Μάρτιος 2020

infection and the associated clinical symptoms can
necessitate prolongation of treatment duration.11

Although, a variety of recommended antimicrobial
agents have activity in vitro against Brucella spp., spo-
radic cases of antibiotic resistance and disease
relapse have been reported.12

fluoroquinolone and rifampicin resistance is com-
monly observed due to chromosomal mutations and
alternation in the antibiotic target sites.13,14 These mu-
tations include mutations in the target genes enco-
ding DNA gyrase (gyrA), or topoisomerase IV (parC)
inducing resistance to fluoroquinolones.13 One of the
mutations in gyrA and parC that can cause resistance
to this group of antibiotics was detected by rapid po-
lymerase chain reaction (PCR) mismatch amplification
mutation assay (MAMA PCR) of E. coli.13 DNA-depen-
dent RNA polymerase (rpoB) is considered as a cause
for resistance to rifampicin.14 Multiplex allele-specific
PCR (MAS-PCR) assay based on standard PCR has been
used to detect the most important rifampicin resi-
stance-inducing mutations in rpoB gene.15 Moreover
of sgnificance to brucellosis, aminoglycoside adenyl-
transferase (aadA1), a member of integrin gene cas-
settes, can cause resistance to streptomycin.15 The
determination of the antibiotic susceptibility profile
of Brucella spp. is clinically important and has essential
role in management of the infection, in control poli-
cies and epidemiological concerns. Therefore, the aim
of this study was to determine the rate of occurrence
of the most common antimicrobial resistance genes
among Brucella spp. isolated from Iranian patients.

Materials and methods

Study design and subjects
This cross-sectional study was conducted on non-re-
petitive blood specimen from patients suspected to
have brucellosis according to clinical signs and sym-
ptoms and positive standard agglutination test (SAT)
for a period of two years from January 2015 to January
2017. They had been referred to hospitals in Tehran,
Ahvaz, Hamadan, Qazvin and Mianeh in Iran. During
the study, demographic and clinical information of
patients suspected to have brucellosis according to
general physician diagnosis were collected in standar-
dized data collection forms. SAT tests were performed
for all suspected patients and the blood specimen
from those with positive STA (more or equal to 1/80)
were examined for detection of resistance mutations.
This study was approved by the Ethics Committee of
the National Institute for Medical Research Develop-
ment (NIMAD), Iran and was in accordance with the
declaration of Helsinki.

DNA extraction and detection of antimicrobial resi-
stance genes:
DNA was extracted from 2 mL blood specimen with a
commercial kit (Qiagen, Germany) using the standard
protocol. The extracted DNA suspension was stored
at –20°C for further analysis. The integrity of DNA was
confirmed by amplification of a β-globin (BG) as hou-
sekeeping gene, using the BG primers.16 Brucella iso-
lates were genotypically identified by amplification of
BCSP31 gene by PCR method as previously described.17

PCR amplification was performed to detect aadA1gene
for streptomycin resistance according to the primers
and conditions described by Abbasoglu et al.18

MAMA PCR protocol for mutation detection of gyrA
and parC:
The MAMA primers for mutation detection are shown
in Table 1. In each PCR, a forward primer and a MAMA
primer were used for mutation detection in gyrA and
parC genes. These primers generate a short PCR pro-
duct from the wild-type gene, but fail to produce this
product from any gene with a mutation at the loca-
tion covered by the mismatch positions on the MAMA
primer. The third control primer that is expected to an-
neal efficiently to all gene alleles, was used in conjunc-
tion with the forward primer to generate a longer PCR
product as an internal control.15

four PCR reactions were carried out on each tem-
plate and 1 μL of template DNA was added to a final
volume of 50 μL containing 0.35 μM forward primer,
0.25 μM MAMA primer, 0.10 μM control primer, 25μl
of Amplicon PCR Master Mix (2X) and nuclease-free
water to 50μl. The reaction was performed on a ther-
mal cycler (Applied Biosystems, USA) by an initial de-
naturation at 95°C for 3 min and 35 cycles of
denaturation at 95°C for 30 s, annealing at 54°C for 30
s and extension at 72°C for 40 s, with a final step of
72°C for 5 min. PCR products were visualized on hori-
zontal 1.0% agarose gels in 1X TAE buffer, loaded with
9 μL of reaction mix and stained with DNA safe stain.
O’GeneRuler 100bp DNA ladder (Thermo Scientific)
was used during electrophoresis to estimate the sizes
of the bands obtained.

Multiplex allele-specific PCR (MAS-PCR):
MAS-PCR was performed using three allele-specific
primers targeting mutated codons 516 of the rpoB
gene as described by Woods et al.15 The complete list
of primers used in this study is listed in Table 1. The
MAS-PCR primers bind specifically to wild-type se-
quences of the rpoB gene (codons 516). In the pre-
sense of a mutated allele, no amplification is noted,
resulting in the absence of the corresponding band
on agarose gel.15
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Results

Ninety-one blood samples were included in the pre-
sent study. Blood samples were obtained from 58
(63.7%) males and 33 (36.3%) females with a mean
age of 26.6 ± 20.6 year, ranging from 1 year to 86 years
old. The majority of isolates  were obtained from Mia-
neh city [63 (69.2%)] followed by Qazvin city [11
(12.1%)]. Demographic and clinical characteristics of
patients are summarized in Table 2.

Presence of Brucella spp. was molecuraly confirmed
in 52 (55%) samples. from them, PCR screening for the
presence of antibiotic resistance genes showed that
26 (50%) isolates were positive for aadA1 gene, 4
(7.7%) isolates were positive for parC gene, and 2
(3.8%) isolates were positive for gyrB gene. None of
the isolates contained gyrA and rpoB genes. The co-
occurrence of parC/aadA1 genes was found in 3
(5.8%) of isolates (Table 3).

Discussion

Infection by Brucella species is a major zoonotic dise-
ase and brucellosis is an important international pu-

blic health problem.19 We evaluated certain antibiotic
resistance genes of 91 human Brucella isolates from
different geographical regions of Iran between obtai-
ned between 2015 and 2017. In the present study,
mutation in rpoB gene (responsible for rifampicin re-
sistance) was not detected in any of our Brucella iso-
lates. On the other hand, 50% and 11.5% of isolates
were resistant to streptomycin and fluoroquinolones
by the presence of mutation in aadA1 gene and parC
or gyrB genes, respectively. The highest rate of resi-
stant-isolates were seen in western regions of Iran
(Mianeh and Ahvaz).

According to World Health Organization (WHO) re-
commendations, a standard regimen for the succes-
sful treatment of brucellosis in adults includes
doxycycline plus streptomycin or rifampicin.9 In addi-
tion, second-line agents such as quinolones or trime-
thoprim-sulfamethoxazole can be administered for
children under the age of 8 or patients with treatment
failure or repeated relapses.9 The only evidence of
streptomycin and ciprofloxacin resistance in human
Brucella isolates was reported by farazi et al. in Mar-
kazi Province, central part of Iran.16 Other reports from
Iran (Hamedan, Kashan and Tehran) have demonstra-
ted predominantly susceptible Brucella isolates to

        Primers                              Primer Sequences                         References)

          BG-F                5′-CAACTTCATCCACGTTCACC-3′                 
15

          BG-R                5′-ACACAACTGTGTTCACTAGC-3′                   

      BCSP31-F          5`-AAGGG CAAGG TGGAA GATTT-3`              
16

      BCSP31-R          5`-CCTCG TTCCA GAGAA CCTTG-3`                 

        aadA1-F             5 -GTGGATGGCGGCCTGAAGCC-3'                
17

       aadA1-R                5 -AATGCCCAGTCGGCAGCG-3'                     

         gyrA-F            5′-GACCTTGCGAGAGAAATTACAC-3′                

         gyrA-R            5′-GATGTTGGTTGCCATACCTACG-3′               
18

  MAMAgyrA83           5'-TCGTGTCATAGACCGGGC-3'                      

  MAMAgyrA87      5'-GCGCCATGCGGACGATCGTTTC-3'                

         parC-F            5′-CGGAAAACGCCTACTTAAACTA-3′                

         parC-R                5′-GTGCCGTTAAGCAAAATGT-3′                  
18

  MAMAparC80       5'-AT CGC TTC ATA ACA GGC TCT-3'                 

  MAMAparC84       5'-C CAT CAG GAC CAT CGC CTC-3'                  

         rpoB-F                   5-GTCGCCGCGATCAAGGA-3'                     
19

         rpoB-R                  5-GCTGAGCCAATTCATGGA-3'

The list of used primersTable 1
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drugs of choice, with the exception of rifampicin.18,20,21

These differences in antibiotic susceptibility may re-
flect intrinsic properties of different Brucella species

according to geographical distribution or different
patterns of antibiotic use in different parts of Iran. In
our neighboring country Turkey, a total of 56 B. meli-

Demographic characteristics

                                                         Mean ± SD                               26.6 ± 20.6
 Age (year)                                         Median                                          24
                                                             Range                                         1-86

 
Gender

                                               Male                                     58 (63.7%)
                                                            Female                                   33 (36.3%)

                                                            Mianeh                                   63 (69.2%)
 Source                                               Qazvin                                   11 (12.1%)
 of isolation                                         Ahvaz                                      9 (9.9%)
                                                           Hamadan                                   6 (6.6%)
                                                             Tehran                                     2 (2.2%)

 Livestock contact                          49 (53.8%)

 Fever                                              36 (39.6%)

 Chill                                                  8 (8.8%)

 Skeletal pain                                  64 (70.3%)

 Headache                                         6 (6.6%)
Clinical characteristics

 WBC (x103/µl)                                                                                  10.3±30.2
 PMN (x103/µl)                                                                                  51.0±15.4
 Hb (g/dl)                                                                                             13.3±1.8
 PLT (x103/µl)                                 

Mean ± SD
                               253.4±96.4

 OT (unit/l)                                                                                           2.8±3.8
 PT (unit/l)                                                                                          37.4±40.8
 CRP (mg/l)                                                                                        43.6±73.3
 ESR (mm/hr)                                                                                     20.9±19.4

Demographic and clinical characteristics of studied patientsTable 2

City/Province/Region                         aadA1              parC                 gyrB
                                                             No(%)              No(%)               No(%)

Ahvaz/Khuzestan/Southwest               6                       1                       0

Qazvin/Qazvin/Central                        3                       1                       0

Hamadan/Hamadan/West-central        2                       0                       0

Tehran/Tehran/North                            0                       0                       0

Total                                                     26 (50)             4 (7.7)               2 (3.8)

Distribution of antibiotic resistance genes based on source of isolationTable 3
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tensis isolates were evaluated for doxycycline, strepto-
mycin, rifampicin, trimethoprim-sulfamethoxazole
and tigecycline susceptibility, which all of them were
susceptible with a MIC90 lower than 2 mg/L.22 In an in
vitro study performed in Malaysia, all B. melitensis iso-
lates were noted to be sensitive to all the antimicro-
bial agents tested except for rifampicin where
elevated MIC >1μg/mL was noted in 30 out of 41 iso-
lates.23 In another Asian study performed in Kazakh-
stan, all B. melitensis isolates were susceptible to
streptomycin, tetracycline and doxycycline and 97.3%
of the isolates were susceptible to gentamycin; while,
only 37.4% of isolates were susceptible to rifampicin.24

In China, of 85 B. melitesis human isolates, all were su-
sceptible to minocycline, sparfloxacin, doxycycline,
tetracycline, ciprofloxacin, gentamicin and levofloxa-
cin, while 1.0% and 7.0% of the isolates were resistant
to rifampicin and co-trimoxazole, respectively.12 fui-
nally, in a peruvian study, all of 48 B. melitensis isolates
were generally susceptible to the evaluated antibio-
tics, with the exception of single isolates with reduced
susceptibility to rifampicin and to trimethoprim-sul-
famethoxazole.25

Determination of antibiotic resistant strains by in
vitro susceptibility tests are insufficient, since the pre-
sence of cryptic resistance genes and interaction of

these genes with broad-spectrum antibiotics can alter
antibiotic resistance percentages.26 The prevalence of
aadA1 gene mutation, related to streptomycin resi-
stance and mostly associated with integrons that may
transfer among bacteria, may pose a significant risk
for the emergence of resistant-strains and treatment
failure.15 The presence of gyrB and parC mutations ho-
wever, may not isolatedly lead to fluoroquinolones re-
sistance due to interplay of different mechanisms.13

In conclusion, as recognition of Brucella species and
their resistance patterns is difficult by conventional
cultures, ours was the first study in Iran that demon-
strating that the investigation of antibiotic resistance
genes in these isolates can be performed by molecular
methods. These results suggest that the empiric use of
antibiotics for the treatment of brucellosis can be
based on logical and easy to perform molecular assays.
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Περίληψη

Μοριακός χαρακτηρισμός μεταλλάξεων στα γονίδια gyrA, parA,
parC, rpoB και aadA1 που σχετίζονται με αντιμικροβιακή αντοχή
κλινικών στελεχών Brucella spp.
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Η βρουκέλλωση ή πυρετός της Μάλτας είναι μία απειλητική για τη ζωή, συστηματική λοίμωξη
και μια από τις συχνότερες ζωονόσους παγκοσμίως, που προκαλεί σημαντικά προβλήματα
στη δημόσια υγεία και την οικονομία. Ο καθορισμός της ευαισθησίας στα αντιβιοτικά της Bru-
cella spp. είναι σημαντικός στην κλινική πράξη και παίζει ουσιαστικό ρόλο τόσο στις επιδη-
μιολογικές μελέτες, όσο και στο σχεδιασμό της στρατηγικής για τον έλεγχο της λοίμωξης.
Σκοπός της παρούσης μελέτης ήταν ο καθορισμός της επίπτωσης των συχνότερων μεταλλά-
ξεων σχετιζόμενων με αντιμικροβιακή αντοχή σε συγκεκριμένα γονίδια Brucella spp. σε ασθε-
νείς στο Ιράν. Ουσιαστικά επρόκειτο για πολυκεντρική μελέτη, η οποία διενεργήθηκε σε μη
επαναλαμβανόμενα δείγματα αίματος από ασθενείς με υποψία βρουκέλλωσης, το χρονικό
διάστημα Ιανουάριο 2015 – Ιανουάριο 2017, που παραπέμφθηκαν στα νοσοκομεία των πόλεων
Τεχεράνη, Ahvaz, Hamadam, Quzviu και Mianech του Ιράν. Η παρουσία των μεταλλάξεων στα
γονίδια gyrA, parC, rpoB και aadA1, για τα απομονωθέντα στελέχη Brucella spp. ελέγχθηκαν
με PCR. Σύμφωνα με τα αποτελέσματα, μελετήθηκαν 91 δείγματα αίματος. Θετικά για Brucella
spp. βρέθηκαν 52 (55%) δείγματα. Σχετικά με τη αντιμικροβιακή αντοχή, η PCR ανίχνευσε με-
ταλλάξεις σε 26 (50%), 5 (7,7%) και 2 (3,8%) των απομονωθέντων στελεχών, αντίστοιχα στα
γονίδια aadA1, parC και gyrA. Από τα απομονωθέντα στελέχη κανένα δεν είχε μετάλλαξη σχε-
τιζόμενη με αντοχή στο rpoB γονίδιο. Ταυτόχρονη παρουσία μεταλλάξεων στα γονίδια parC
και aadA1 διαπιστώθηκε σε 3 (5,8%) των απομονωθέντων στελεχών. Συμπερασματικά, η πα-
ρούσα μελέτη αποτελεί την πρώτη μελέτη διερεύνησης της συχνότητας των μεταλλάξεων
αντιμικροβιακής αντοχής στελεχών Brucella spp. στο Ιράν. Οι μεταλλάξεις αυτές σε συγκεκρι-
μένα γονίδια σχετίζονται με αντιβιοτικά που χρησιμοποιούνται συχνά στην κλινική πράξη.

Λέξεις κλειδιά
Βρουκέλλωση, Brucella, αντιμικροβιακή αντοχή,
μετάλλαξη
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