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ABSTRACT
The prevalence of brucellosis has increased in recent years in some regions in Iran,
particularly in the western, northeastern, and some central areas. Undoubtedly,
the main causes of brucellosis are the lack of vaccination coverage in livestock and
distribution of dairy products. In addition, attention must be paid to the diagnostic
difficulties associated with slow growth specificity and use of inefficient methods,
which lead to the delayed diagnosis of the disease. All the available diagnostic
procedures are currently used for the diagnosis of brucellosis, including isolation
on culture media, serological procedures, and molecular techniques. Among these
methods, isolation on culture media has shown the minimum efficiency, especially
in blood specimens, which are the most commonly requested specimens in disease
diagnosis. The influential factors could be the use of unapproved commercial kits,
applying outdated diagnostic procedures, and using unqualified specimens in
hospitalized patients. The present study aimed to enhance the current status of the
isolation method, especially in the endemic areas for brucellosis. Several parameters
were assessed in this regard, including the role of laboratory conditions, sampling
quality, type of culture media, and various isolation methods, in order to review the
studies aiming to increase the efficiency of this method.
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Introduction

Brucellosis is considered to be a major health
concern across the world, especially in developing
countries (1-5). The diagnosis is difficult due to
the unspecific signs and symptoms of brucellosis.
Reports have confirmed that the majority of the
patients with brucellosis are not diagnosed within the early stages of the disease due to the use
of inefficient laboratory methods. This issue has
also been confirmed considering the numerous
chronic forms of the disease by hospitalized patients (6-8).
Serological methods are effective in the diagnosis of brucellosis if the defective parameters are
eliminated, especially in rural areas. However,
the types of new strains and dominant serotypes
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must be identified for epidemiological purposes
and determining the patterns of antibacterial resistance. Moreover, an accurate diagnosis is only
possible through the isolation of Brucella species.
Recent reports have denoted the challenges associated with the diagnosis of brucellosis (9-11).
Most blood specimens are tested at health laboratory centers (HLCs) and hospital laboratories in
every country, with the exception of private clinical laboratories, which often receive few specimens (12). The diagnosis of brucellosis is based
on classic standard tube agglutination protocols
in HLCs, while hospital laboratories are also required to culture the blood specimens obtained
from admitted patients. Molecular techniques are
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mainly applied in private laboratories. Despite the
introduction of new techniques, these centers use
traditional methods, which have low sensitivity
and specificity in Iran (13-15). Undoubtedly, the
protocols that are currently applied need proper
revision in HLCs and hospital laboratories. The
isolation of organisms is considered to be the ‘gold
standard’ for the diagnosis of Brucella species.
Each year, several studies are conducted in this
regard in Iran; however, none has properly identified the involved strains in the endemic areas
for brucellosis. These studies have been based
on only a few selected specimens, not being able
to accurately determine the dominant serotypes
or show the pattern of antibacterial resistance
in Brucella species since there have been no recovered organisms to be the representative of the
disease outbreak.
In Iran, no reports have been published regarding the use of blood specimens with proper sensitivity. The isolation procedure of the slow-growing and fastidious Brucella species is extremely
difficult and time-consuming, especially in blood
specimens. The need to improve isolation conditions has urged researches to perform numerous
studies in this regard. As such, various influential
factors have been identified, such as enhancing
the quality of culture media, introducing new procedures with higher sensitivity, and safe working
conditions (16,17).
The present study aimed to review the use of
blood specimens in culture procedures, attempting to indicate the opportunities ahead to increase
the success rate of this process.

Literature Review

Biosafety Requirements
Although culture is considered to be the diagnostic method of choice for brucellosis, it involves
the risk of infection in laboratory personnel and
requires special precautions in the laboratory.
Numerous reports have been released regarding
post-exposure recommendations and laboratory
safety measures (18-20). However, laboratory-acquired brucellosis has been frequently reported
in the previous studies in this regard (21-23). The
laboratory staff who are engaged in the identification of Brucella should be aware that the infectious
dose is 10-100 bacteria, and the personnel are at
a high risk of accidental infection. Consequently,
brucellosis remains one of the most commonly reported laboratory-acquired infections despite the
reports in this regard (24).
Auditing reports have revealed that many laboratories do not adopt proper safety precautions
in the diagnosis of brucellosis (25). Moreover,
facility assessments have indicated that in many

laboratories the, the biosafety status of brucellosis diagnosis does not correspond to the requirements, even to the minimum standard for Brucella
culture.
In the United States, approximately 120 cases
of brucellosis occur each year (26). However, no
national surveillance systems are available for the
identification of the laboratory-acquired cases.
Therefore, the annual incidence of brucellosis due
to laboratory transmission seems to have been under-reported. In laboratory-acquired infections, B.
melitensis has been reported to be the main causative agent in 80% of the exposures, which is also
associated with the significantly higher risk of exposure in laboratory staff compared to other individuals (27). Most of the references in this regard
have urged the adoption of level-three biosafety
requirements in the laboratories performing tests
on B. melitensis and B. suis, especially in packaging and shipping tasks.
Conditions Requiring Isolation
Brucella species could often be isolated from
the blood, bone marrow, wounds, pus, tissues,
joints, and cerebrospinal, pleural, and ascetic fluids (28,29). The amount of the organisms and recovery rate of the culture from blood specimens
are extremely low. In this regard, a conventional
method based on the use of biphasic Ruiz-Castaneda bottles supplemented with 5% CO2 is applied to provide safe working conditions. However, this method has a long incubation time and
provides variable rates.
Selective media are not required for the culture
of the specimens obtained from the blood and other body fluids if the specimens are collected with
aseptic precautions. Researchers have often recommended that growth factors or supplements
be added to the culture media. Furthermore, the
use of selective media has been suggested to enhance the growth rate, while none of these methods has been reported to clearly enhance the isolation rate (26). Blood cultures of Brucella species
are expected to become positive within 7-21 days
of incubation and should be preserved for a minimum of 45 days prior to be considered negative.

Influential Factors in the Sensitivity Rate
Brucella species have long incubation periods
with poor sensitivity due to their extremely slow
growth. In addition, they require enriched media
with strict conditions (30,31). Low sensitivity depends on numerous factors. Brucellosis has various clinical manifestations. Therefore, the phase
in which the specimens are collected is considered
critical as a limited time of bacteremia could yield
false negative results (32,33). Among the other in-
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fluential factors in sensitivity are the low concentration of bacteria in blood specimens, previous
administration of antibiotics, quantity of pathogens in clinical samples, applied culturing methods, type of strains (e.g., B. melitensis is isolated
more easily from clinical specimens compared
to the B. abortus cultured from clinical samples),
which affect the success rate of isolation (34-38).
Another important influential factor in this regard
is the qualification of laboratory personnel since
Brucella species are fastidious organisms and easily aerosolized, which is associated with higher
working hazards (39,40).
Considering the mentioned limitations, we
should not expect to have high sensitivity even
under optimal conditions since the reported sensitivity of the biphasic Ruiz-Castaneda system is
less than 20% although it could be higher in an
acute form (41). In Iran, there is limited research
on the isolation of organisms, with the estimated
sensitivity reported to be less than 4% (42,43).
Previous studies in this regard have also investigated the effect of proper sampling on sensitivity,
denoting that this rate could increase to 16% using current commercial biphasic medium in hospitalized patients (44).

Other Culturing Procedures
Lysis centrifugation is another procedure that
is based on the analysis of erythrocytes in a citrate solution (44-46). For this purpose, a blood
specimen is washed with double distilled water
(DDW). Afterwards, the specimens are mixed with
an equal volume of DDW and 1.5 milliliters of 4%
sodium citrate and centrifuged for 30 minutes at
2000x g. Following that, the supernatant is discarded from the tube, and the sediment is inoculated on brain heart infusion agar or blood culture
agar with or without CO2 for seven days. Finally,
the plates are observed daily to monitor growth.
The clot culture technique involves preservation in sterile, screw cap plastic tubes containing
glass beads. Blood specimens are disrupted by
shaking the tube on a shaker for 15 minutes after
the removal of the serum. The disrupted clot inoculates on the Castaneda medium and incubated
at the temperature of 37oC with 10% CO2 for a
minimum of four weeks (4). The washing procedure or clot culture method has the preference of
shorter isolation time over direct inoculation as
recommended in a number of references. However, these methods are associated with a higher risk
of contamination, and they are not considered for
diagnostic purposes in the laboratory (28,30).
Recent Trends in Isolation Techniques
Automated culture systems have replaced the
26

traditional biphasic Ruiz-Castaneda system since
they are considered to be safer and faster diagnostic methods, enabling the operator to constantly
monitor blood culture systems in order to obtain
higher yields and accelerate the detection of bacterial growth within less than one week. Furthermore, these systems have significantly reduced
the time required for blood specimens, so that
Brucella species could be detected in the blood
specimens of infected patients after four days or
less (46-49). This period results in a significantly
higher isolation rate compared to the routine approaches.
Some of the current automated culture systems
include BACTEC and BacT/Alert, which continuously measure the release of CO2 in growing microorganisms (10). Another automated system is
API20NE, which has been reported to cause misidentification (50). The detection rate in the mentioned systems has been estimated at 80-100%.
Using automated systems has been associated
with a relatively lower detection rate in hospitalized patients compared to outpatients. In a comparative study, the efficiency of BACTEC (Difco
Laboratories, Inc., Sparks, Md) was reported to be
31.11% in this group of patients (31). However,
the use of these systems is costly in referral centers. It is assumed that the positive rate associated
with automated systems could increase to 90% in
acute cases.
Necessity of a Revised National Plan
Despite the increased incidence of Brucella
species in endemic areas, their frequency has not
been clarified in humans and animals in Iran (46).
Currently, isolation methods are not applied in
laboratories under the supervision of Jahad Keshavarsi Ministry (JKM) for livestock. Furthermore,
the HLCs that deal with human infections do not
use these diagnosis methods. It seems that isolation techniques still have two main limitations in
the healthcare centers in Iran; the first limitation
is the requirement of strict biosafety conditions,
and the other limitation is the low sensitivity of
these methods. Consequently, HLCs only use conventional serological tests, which are based on agglutination. Some hospitals and private clinical diagnostic laboratories may have occasionally been
asked for culture blood specimens. However, reports indicate that the recovery rate of isolation in
these cases is extremely low (43,44), making these
methods impractical for medical decision-making.
As mentioned earlier, there are few referral
laboratories that are able to use new automated
procedures (25). These facilities are not cost-effective for all specimens in various regions of Iran.
Therefore, these laboratories must be equipped
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with modern procedures, including new automated systems.
Use of isolation procedures with new techniques has other benefits as well. For instance,
they provide a clear viewpoint regarding the endemic strains in each area. Identification of new
or re-immersion types and evaluating antibiotic
resistance are also possible since no new research
has been conducted in this regard. As a result, developing reliable molecular typing methods and
molecular antibiotic resistance protocols must
also be prioritized in referral centers.
The exact frequency of dominant Brucella species in various regions of Iran remains unknown,
and it is not clear whether there are newly emerging types due to the transfer of livestock from the
neighboring countries. Despite numerous preventative and controlling programs, no clear reports
are available from the responsible governmental
organizations. Adequate knowledge of the dominant species in various regions in Iran is the key
to the prevention and control of newly emerging
Brucella species (51-53).

Conclusion

Currently, isolation is requested for only two
non-blood specimens. According to the results of
the present study, lack of efficient isolation procedures confirms the necessity of revising the diagnosis network and applied procedures since the
required, strict biosafety conditions are not available in most diagnostic laboratories. On the other
hand, replacing conventional methods with automatic techniques and specifying the reference
centers could positively affect the economic losses in animal husbandry and prevent the increased
prevalence of human diseases. Moreover, such
modifications help researchers to be informed of
the dominant types of each endemic area and assess antibacterial resistance.

Acknowledgements
None.

Conflict of Interest

The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.

Pakzad R, Pakzad I, Safiri S, et al. Spatiotemporal analysis of
brucellosis incidence in Iran from 2011 to 2014 using GIS.
Int J Infect Dis. 2018;67:129-136.
Esmaeili H. Brucellosis in Islamic republic of Iran. J Med Bacteriol. 2014;3:47-57.
Moosazadeh M, Abedi G, Kheradmand M, et al. Seasonal
pattern of brucellosis in Iran: A systematic review and meta-analysis. Iran J Health Sci. 2016; 4:62-72.
Golshani M, Buozari S. A Review of Brucellosis in Iran: Epidemiology, Risk Factors, Diagnosis, Control, and Prevention.
Iran Biomed J. 2017; 21:349-59.
Abbasi J, Samarghandi Z, Akbarein HA, et al. Rezaeigolestani

6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

M. Evaluation of Incidence Rate and Some of Epidemiological Indices of Human Brucellosis in Qazvin Province, Iran
During 2002 To 2009. J Hum Environ Health Promot. 2018;
4: 45-48.
Christopher S, Umapathy BL, Ravikumar KL. Brucellosis: review on the recent trends in pathogenicity and laboratory
diagnosis. J Lab Physicians. 2010; 2: 55-60.
Mirnejad R, Jazi FM, Mostafaei S, et al. Epidemiology of brucellosis in Iran: A comprehensive systematic review and
meta-analysis study. Microb Pathog. 2017;109:239-247.
Hajia M, Sohrabi A. Molecular diagnostic methods of Brucellosis: a note on pitfalls. Iran J Pathol. 2018; 13:294-295.
Wang P, Li H, Xu JL. Misidentification of Brucella spp. from
blood culture. Rev Med Microbiol. 2016;27:47–49.
Yagupsky P. Detection of brucellae in blood cultures. J Clin
Microbiol. 1999; 37:3437–3442.
Hajia M, Fallah F, Angoti G, et al. Comparison of methods for
diagnosing Brucellosis. Lab Med. 2013; 44:29-33.
Kassiri H, Amani H, Lotfi M. Epidemiological, laboratory,
diagnostic and public health aspects of human brucellosis
in western Iran. Asian Pac J Trop Biomed. 2013; 3:589–594.
Hajia M. The Challenges in Diagnosis of Brucellosis Serological Tests and Available Approaches. Iran J Med Microbiol.
2018; 12:1-5.
Maham S, Shirvani F, Jahromi MH. Comparison of BACTEC
9120 and conventional blood culture systems for isolation
of microorganisms from blood and other sterile body fluids.
J Pure Appl Microbiol. 2012;6:2039–2044.
Hajia M. The prospect of molecular epidemiology of Brucella species in Iran. Rev Clin Med. 2018; 5:130-132.
Nouri HR, Marashi MA, Rahimi MT, et al. Tests in Human
Brucellosis. Int J Enteric Pathog. 2014;2:e19422.
Buchan BW, Mahlen SD, Relich RF. Sentinel level clinical
microbiology laboratory guidelines for suspected agents of
bioterrorism and emerging infectious diseases. ASM, Washington; 2013.
Chosewood LC, Wilson DE. Biosafety in microbiological and
biomedical laboratories, 5th ed. U.S. Department of Health
and Human Services, Washington, DC;2010.
Centers for Disease Control and Prevention. Laboratory-acquired brucellosis—Indiana and Minnesota, 2006. MMWR
Morb Mortal Wkly Rep. 2008;57:39-42.
Gerberding JL, Romero JM, Ferraro MJ. Case records
of the Massachusetts General Hospital. N Engl J Med.
2008;359:1942-1949.
Horvat RT, El Atrouni W, Hammoud K, et al. Ribosomal RNA
sequence analysis of Brucella infection misidentified as
Ochrobactrum anthropi infection. J Clin Microbiol. 2011;
49:1165–1168.
Traxler RM, Lehman MW, Bosserman EA, et al. Literature
Review of Laboratory-Acquired Brucellosis. J Clin Microbiol.
2013;51:3055-3062.
Sayin-Kutlu S, Kutlu M, Ergonul O, et al. Laboratory-acquired
brucellosis in Turkey. J Hosp Infect. 2012 ;80:326-330.
Hajia M, Safadel N, Samiee SM, et al. Quality Assurance
Program for Molecular Medicine Laboratories. Iran J Pub
Health. 2013; 42 Supple1:119-124.
Centers for Disease Control and Prevention (CDC). Summary of notifiable diseases: United States, 2009. MMWR Morb
Mortal Wkly Rep. 2011;58:1-100.
Traxler RM, Lehman MW, Bosserman EA, et al. A Literature
Review of Laboratory-Acquired Brucellosis. J Clin Microbiol.
2013;51:3055-3062
Avijgan M, Hafizi M, Salemi A, et al. Unusual presentation of
brucellosis: Afebrile, culture positive brucellosis and culture
positive, seronegative brucellosis. Asian Pac J Trop Med.
2009;2:22-27.
Araj GF. Update on laboratory diagnosis of human brucellosis. Int J Antimicrob Agents. 2010;36 Suppl 1:S12-17.
Al Dahouk S, Nöckler K. Implications of laboratory diagnosis on brucellosis therapy. Expert Rev Anti Infect Ther.
2011;9:833-845.
Hajia M. Blood culture of Brucella, Challenges and Limitations. J Res Med Sci. 2018;23:92.
Amirzargar A, Hassibi M, Maleknejad P, et al. Comparison of
diagnostic methods in hospitalized patients with brucello-

Rev Clin Med 2019; Vol 6 (No 1)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)

27

Hajia M.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

28

sis in Iran. Infect Dis Clin Pract. 2009; 17:239-242.
Yagupsky P. Detection of brucellae in blood cultures. J Clin
Microbiol. 1999;37:3437-3442
Corbel MJ. Brucellosis: an overview. Emerg Infect Dis.
1997;3:213-221.
Wang P, Li H, Xu JL. Misidentification of Brucella spp. from
blood culture. Rev Med Microbiol. 2016; 27:47–49.
Purcell B, David L. Hoover DL, et al. In: Martha K. Lenhart
MK, Colonel MC, editors. Medical aspects of biological warfare. Washington, DC: The Office of the Surgeon General US
Army Medical Department Center and School Borden Institute publishing; 2007. p.185-198.
Hajia M, Masjedian FJ. Looking Again at the Diagnosis of
Brucellosis Difficulties in Iran. Iran J Med Microbiol. 2018;
12:68-77.
Hosseini Doust R, Ahamdi Z, Ahamdi A, et al. Detection of
Brucella abortus by alkB and IS711 based primers. J Res
Med Sci. 2007; 12:62-67.
Hosseini Doust SR, Ahmadi A, Ahmadi Z, et al. Detection of
brucella abortus by PCR assay and comparison with culture
assay. J Military Med. 2005; 7:239-44.
Hajia M. Uncertainty results of molecular diagnostic meth
ods: Causes and Barriers. J Res Med Sci. 2109: In press
Hajia M, Safadel N, Secondary Use of Laboratory data: Po
tentialities and Limitations. Iran J Pathol. 2019: In press.
Mantur BG, Mangalgi SS. Evaluation of conventional Castaneda and lysis centrifugation blood culture techniques
for diagnosis of human brucellosis. J Clin Microbiol.
2004;42:4327-4328.
Hajia M, Keramat F. Study on the rate of brucellosis relapse
and efficiency of different treatment protocols among hospitalized patients. J Mil Med. 2003; 5:195-199.

43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

Hajia M, Rahbar M, Keramat F. Epidemiological, clinical, diagnostic and treatment aspects of hospitalized brucellosis
patients in Hamadan. Ann Trop Med Public Health. 2009;
2:42-45.
Hajia M, Rahbar M. Isolation of Brucella from blood culture
of hospitalized brucellosis patients. Iran J Clin Infect Dis.
2006;1:5-10.
Peerapur BV, Smitha S. Comparison of whole blood culture
and blood clot culture for the diagnosis of enteric fever.
JKIMSU. 2013; 2:145–146.
Mantur BG, Bidari LH, Akki AS, et al. Diagnostic yield of
blood clot culture in the accurate diagnosis of enteric fever
and human brucellosis. Clin Lab. 2007;53:57–61.
Mangalgi S, Sajjan A. Comparison of Three Blood Culture
Techniques in the Diagnosis of Human Brucellosis. J Lab
Physicians.2014;6:14-17.
Maleknejad P, Peeri-DoGaheh H, AmirZargar AA, et al. Diagnosis of brucellosis by use of BACTEC blood culture and
confirmation by PCR. Iran J Vet Med. 2007; 62:83-86.
Momen-Heravi M, Erami M, Kosha, H, et al. Diagnosis of brucellosis via BACTEC blood culture system. Journal of Isfahan
Medical School. 2015; 32 ; 2234-2240.
Raj A, Gautam V, Gupta PK, et al. Rapid detection of Brucella
by an automated blood culture system at a tertiary care hospital of north India. Indian J Med Res. 2014;139:776-778.
Corbel MJ. Brucellosis: an overview. Emerg Infect Dis.
1997;3:213-221.
Seleem MN, Boyle SM, Sriranganathan N. A re- emerging
zoonosis. Vet Microbiol. 2010;140:392-398
Rabozzi G, Bonizzi L, Crespi E, et al. Emerging zoonoses: the
“one health approach”. Saf Health Work. 2012;3:77-83.

Rev Clin Med 2019; Vol 6 (No 1)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)

