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Abstract

Brucellosis is a significant infection that causes abortion, decreased milk production, and sterility in livestock, which
greatly affects the industry. This study aimed to determine the prevalence of Brucella in buffalo milk samples across
various regions of Iran, utilizing serological, molecular, and cultural analyses. A total of 1860 buffalo milk samples were
collected from industrial, semi-industrial, and traditional buffalo farms in four major buffalo breeding provinces. The milk
ring test agglutination test (MRT) was initially conducted on all milk samples, followed by culture and molecular testing
for positive and negative samples in MRT. The study revealed positive results for the presence of Brucella DNA in various
provinces of Iran. The MRT had a relatively low sensitivity, with results ranging from 0 to 0.7% in different provinces.
However, the AMOS PCR method showed a significantly higher presence of Brucella DNA, ranging from 13 to 46% in
these provinces. The highest abundance of Brucella bacterial DNA was found in Ardabil province, while the lowest was
in West Azerbaijan province. Brucella abortus was the most commonly detected bacteria, followed by Brucella melitensis.
Interestingly, the B. abortus vaccine strain RB51 was detected in 26.3% of positive samples of B. abortus. The culture
assay of milk samples further confirmed the presence of B. melitensis biovar 1 in one sample from Khuzestan province.
Overall, the study emphasizes that the AMOS PCR method is the most sensitive in detecting Brucella-exposed milk, while
the sensitivity of milk sample culture and MRT is relatively lower.
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Introduction

Brucellosis is one of the most common zoonotic infec-
tions with lifetime sterility and high rates of morbidity in
animals and human (Moreno et al. 2023). Brucella abor-
tus is the main cause of brucellosis in buffalo. The primary
and most susceptible host of B. abortus is cattle, although
it has the potential to infect other animals including buf-
faloes, sheep, goats, camels, horses, dogs, and wild rumi-
nants. (Gentile 1957; Sousa et al. 2017; Dadar et al. 2019).
Moreover, B. melitensis has been identified in the blood of
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buffaloes in Egypt as well (Hosein et al. 2018). Infected
buffaloes can shed the bacteria during the abortion, poten-
tially contaminating the rest of the herd and serving as a
source of infection. Additionally, buffaloes are capable of
excreting live Brucella spp. bacteria in their milk (Adone
et al. 1998; Almashhadany 2019). The primary infection of
brucellosis in ruminants is most symptomatic, with a lower
incidence of frequent abortions. However, milk, vaginal
and uterine discharges, as well as aborted material, typi-
cally contain a large quantity of bacteria (Radostits et al.
2007). Brucellosis in buffaloes is characterized by clinical
signs such as abortions. These abortions are often accompa-
nied by the presence of white or grayish mucoid discharges
from the vagina. Generally, these abortions occur during the
last trimester of pregnancy. (Das et al. 1990). Brucellosis
in buffaloes can be diagnosed through both indirect and
direct methods. The direct approach involves nucleic acid
detection using molecular techniques and bacterial culture.
Real-time Polymerase Chain Reaction (Real-time PCR) has

@ Springer


http://orcid.org/0000-0001-5831-801X
http://crossmark.crossref.org/dialog/?doi=10.1007/s11259-023-10228-5&domain=pdf&date_stamp=2023-10-7

428

Veterinary Research Communications (2024) 48:427-436

been established as a reliable method with high levels of
specificity and sensitivity for directly identifying Brucella
spp. in Iranian buffalo (Dehkordi et al. 2012, 2014). The
indirect method involves the use of serological techniques
to detect anti-Brucella antibodies in the serum. Serological
methods are ideal for this purpose due to their fast results,
low cost, and convenience. The World Organisation for
Animal Health (WOAH) has recommended screening tests
such as the Rose Bengal test (RBT) and the milk ring test
(MRT), as well as confirmatory tests like the serum agglu-
tination test (SAT), complement fixation tests (CFT), and
2-Mercaptoethanol (2-ME) for detecting brucellosis in buf-
faloes, which are the same as those used for detecting it in
cattle. However, Iranian studies have also mentioned other
serological methods such as RBT, SAT, 2-ME, and i-ELISA
for evaluating Brucella antibodies in serum samples from
water buffaloes. (Azarkamand et al. 2017; Nowroozi-Asl et
al. 2007). The water buffalo (Bubalus bubalis) holds signifi-
cant economic importance as livestock in various regions
of Iran. Based on available information, there are three
primary classifications of Iranian buffaloes: the North eco-
type, found in Gylan and Mazendaran provinces, the Azary
ecotype, found in Ardabil and Eastern/Western Azarbaijan
provinces, and the Khuzestan ecotype, found in Khuzestan
province.(Dadar et al. 2021). To date, only a limited number
of studies conducted in Iran have reported the presence of B.
abortus and B. melitensis in the semen, blood, and aborted
fetuses of buffaloes through both serological tests and real-
time PCR. (Dehkordi et al. 2012, 2014; Nowroozi-Asl et al.
2007; Azarkamand et al. 2017). Additionally, there is limited
information available on the prevalence of Brucella infec-
tion in the milk of water buffaloes in Iran. Consequently,
it is crucial to conduct an epidemiological analysis of bru-
cellosis in buffalo herds to establish comprehensive control
and prevention measures. The main objective of this study
was to assess the occurrence of Brucella spp. in industrial,
semi-industrial, and traditional buffalo farms across various
regions of Iran using serological, molecular, and cultural
techniques.

Materials and methods

Ethical considerations

Administrative authorizations were obtained from the Ira-
nian Veterinary Organization in Tehran, Iran to conduct this

study. The dairy buffalo farmers provided their informed
consent for the purpose of this study.
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Sampling

This study analyzed a total of 1860 samples of buffalo
milk obtained from industrial, semi-industrial, and tradi-
tional buffalo farms in four main buffalo breeding prov-
inces: Khuzestan province (647 samples from 13 targeted
districts), West Azerbaijan province (411 samples from 11
targeted districts), East Azerbaijan province (402 samples
from 13 targeted districts), and Ardabil province (400 sam-
ples from five targeted districts) (Fig. 1). These provinces
were chosen because there were no documented cases of
buffalo brucellosis in these regions. Additionally, these
provinces are significant producers of buffalo milk and have
active agricultural sectors. The sampling method employed
in this study was systematic random sampling, and the sam-
ple collection spanned a year from September 2020 to Sep-
tember 2021. A data collection sheet was utilized to record
epidemiological information on buffalo breed, age, and vac-
cination. All animals involved in this study were female.
To obtain milk samples from each buffalo, the teats were
first cleaned of manure, soil, or any other environmental
debris. The teats were then disinfected by immersing them
in a 30-second bath of an effective germicide (70% alcohol),
and each teat was thoroughly dried with disposable tissue to
ensure no residual disinfectant remained. Approximately 10
ml of milk was collected from all four teats and poured into
a sterile falcon tube. The tube was then placed next to an ice
bag for transportation and transferred to the Razi Vaccine
and Serum Research Institute, specifically to the Brucellosis
Department, for further analysis and investigation as part of
this study.

Milk ring test

The antigen utilized in this test was prepared by the Razi
Vaccine and Serum Research Institute, specifically the Bru-
cellosis Department in Karaj, Iran. The procedure was car-
ried out as previously described (Alton et al. 1975). Briefly,
the milk samples and antigens were stored at room temper-
ature (22 °C+4 °C). The MRT was performed by mixing
1 ml of well-mixed milk samples with 30uL of the MRT
antigen in a test tube. The test was read after incubation
for 60 min at 37 °C. Positive and negative controls were
included for each test series. Furthermore, the negative and
positive predictive values of the MRT were calculated as
previously described (Alton et al. 1975).

Culture of milk samples
The milk samples from four provinces, including MRT-pos-

itive milk samples (6 samples) as well as 100 MRT-negative
samples from each province (400 samples in total) were
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Fig.1 The geographic distribution of sampling was conducted in four provinces of Iran: East Azerbaijan, West Azerbaijan, Ardabil, and Khuzestan.

A total of forty-two targeted districts were included in the study

centrifuged at 2500 g for 15 min. The cream and sediment
were then spread separately on a solid selective medium.
Each sample was placed on a selective medium containing
specific Brucella antibiotics and incubated at 37 °C under
CO2 for 14 days. The specific antibiotics used in the cul-
ture medium were polymyxin B (2500 international units),
bacitracin (12,500 international units), nystatin (50,000
international units), cycloheximide (50 mg), vancomycin
(10 mg), and nalidixic acid (2.5 mg). If bacterial growth
occurred, classical bacterial typing was performed to iden-
tify the genus and species, as described previously(Dadar
et al. 2019). The isolated bacteria were typed based on
their ability to produce H2S, their requirement for CO2,
their reaction to agglutination by acriflavin, their reaction
to agglutination by monospecific anti-M serum and anti-A
serum, their susceptibility to lysis by specific phages, and
their growth in the presence of different concentrations of
dyes (specifically, basic fuchsin and thionine).

Molecular typing

Genomic DNA was extracted from all positive milk samples
by MRT (6 samples) and 100 negative milk samples by MRT
from each province (400 samples) as well as bacterial iso-
late using the Favorgen Biotech kit (Taiwan), following the
manufacturer’s instructions. The DNA concentration was
determined using the ND-1000 Nanodrop (Wilmington, DE,

USA) at 260/280 nm, and the DNA integrity was assessed
by running a 2% agarose gel (Lee et al. 2012). The DNA
was then stored at -20 °C for further analysis. For Brucella
spp., the AMOS (abortus melitensis ovis suis) polymerase
chain reaction was conducted on the extracted DNA under
the following PCR thermal conditions: step 1 as initial dena-
turation (95 °C for 5 min), step 2 as second denaturation
(95 °C for 30 s), steps 3 as annealing (55 °C for 60 s), step 4
as extension (72 °C for 3 min), and step 5 as final extension
(72 °C forl0 min). Steps 2, 3 and 4 were repeated for 35
times (Ewalt and Bricker 2000). The PCR mixture consisted
of Taq PCR Master Mix (12.5 pl of Ampligon, Denmark), a
five-primer cocktail (0.2 uM each), ddH20O (7 pl), and tem-
plate DNA (20 ng). Furthermore, species-level molecular
detection of isolated bacteria was performed using Bruce-
ladder PCR with the following thermal conditions: step 1
as initial denaturation (95 °C for 5 min), step 2 as second
denaturation (95 °C for 30 s), step 3 as annealing (56 °C
for 60 s), step 4 as extension (72 °C for 3 min), and step
5 as final extension (72 °C for 10 min). Steps 2, 3, and 4
were repeated 40 times (Lopez-Goiii et al. 2008). The PCR
mixture was prepared by combining 12.5 pl of Master Mix
Taq PCR (Ampligon, Denmark), 5 pl of ddH20, 0.5 pl of
each primer from the 16-primer cocktail, and 3 pl of tem-
plate DNA (10ng). The PCR products were then analyzed
by electrophoresis on a 1.5% agarose gel at 90 V for 45 min.
Each PCR run included a positive control consisting of B.
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abortus (544) and B. melitensis (16 M) genomic DNA. The
DNA bands were visualized using UV illumination with the
Gel Documentation-XR (BioRAD, Hercules, CA).

Differentiation between the B. abortus wild-type
and the vaccine strains

Three primers were used to distinguish between wild-
type and vaccine strains of B. abortus by targeting the
IS711 sequence. By using the primers 5’-TTAAGC-
GCTGATGCCATTTCCTTCAC-3°, 5 TTTAGTTT-
GCCGTAATATAGGTCTAGAACCTGTC-3’, and 5’
GCCAACCAACCCAAATGCTCACAA-3’, it was possi-
ble to detect the interruption of the wboA gene by an IS711
element in RB51. This allowed for the identification of the
RB51 vaccine strain in comparison to B. abortus (Vemula-
palli et al. 1999).

Statistical analysis
Data analysis

SPSS software version 22 was used for data analysis. The
prevalence of brucellosis was determined by dividing the
number of positive samples for each test by the total num-
ber of dairy cattle. McNemar analysis was conducted to
compare the results of different tests in dairy buffalo using
a paired chi-square (x2) analysis. Differential incidences
were considered significant if the p-value was less than
0.05. The diagnostic coherence of MRT, culture, and PCR
in brucellosis diagnosis was assessed using kappa indexes,
which measure overall agreement. Cohen’s Kappa val-
ues were interpreted as follows: very good agreement for
K=0.81-1.00, good agreement for K=0.61-0.80, moderate
agreement for K=0.41-0.60, fair agreement for K=0.21-
0.40, poor agreement for K=0-0.20, and no agreement for
K <0.(Landis and Koch 1977). Furthermore negative pre-
dictive value and positive predictive value of RBPT, SAT
and IELISA were also calculated as described previously
(Sadhu et al. 2015; Hosein et al. 2017).

Molecular Prevalence of brucellosis in milk of
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Fig. 2 The frequency of B. abortus and B. melitensis DNA in different
province of Iran
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Results
Buffalo demographic characteristics

Samples of milk were collected from a total of 1860 buf-
faloes. Out of these, 647 were from Khuzestan province,
accounting for 34.8% of the total. The West Azerbaijan
province contributed 411 samples, representing 22.1%,
while the East Azerbaijan province contributed 402 samples
(21.6%). 400 samples were collected from Ardabil prov-
ince, making up 21.5% of the total. The most common breed
observed was the Azary ecotype (found in Western/Eastern
Azarbaijan and Ardabil provinces), accounting for 65.2%.
The Khuzestan ecotype was the second most predominant
with a representation of 34.8%.

Prevalence of buffalo brucellosis using MRT

The overall incidence of brucellosis using MRT was 0.3%
(6 out of 1860). Out of the 1213 buffaloes from the Azary
ecotype in Western Azarbaijan, Eastern Azarbaijan, and
Ardabil provinces, only one (0.08%) had anti-Brucella anti-
bodies in the milk in the traditional buffalo farms. Out of the
647 buffaloes from the Khuzestan ecotype, 5 (0.7%) also
had anti-Brucella antibodies in milk. However, the differ-
ence in prevalence between the two ecotypes was statisti-
cally significant (P <0.05). The prevalence of anti-Brucella
antibodies at different collection sites was not statistically
significant (P>0.05) in the Western Azarbaijan, Eastern
Azarbaijan, and Ardabil provinces. However, Khuzestan
province showed a significantly higher prevalence of anti-
Brucella antibodies in buffalo milk (P> 0.05).

Prevalence of buffalo brucellosis using PCR

The AMOS PCR targeting IS711 was detected in 30.5%
(124 out of 406) of samples. These samples included 123
from traditional buffalo farms, 1 from an industrial farm,
and 1 from a semi-industrial farm. The highest infection
rates were observed in Ardabil province (46.6%), fol-
lowed by Khuzestan province (41.9%), Eastern Azarbaijan
(20.8%), and Western Azarbaijan (13%). When analyzing
the Brucella species, it was discovered that B. abortus DNA
was present in 99 samples (24.4%). Co-infections with
both B. abortus and B. melitensis were identified in 3.7%
of samples, while B. melitensis DNA alone was found in
2.4% of samples (Fig. 2). Additional primers were utilized
to discriminate between the wild-type B. abortus and the
vaccine strains of RB51 used in buffalo farms. In this reac-
tion, the positive control amplified a 400 bp fragment from
field B. abortus and 900 and 1,300 bp fragments from the
RB51 DNA segment corresponding to the vaccine strain.
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Fig. 3 1% agarose gel was stained with a safe stain to visualize Bru-
cella spp. specific PCR products in milk samples collected from buf-
faloes. The gel image shows lanes 1-16 representing the buffalo milk
samples. The 1 Kb DNA ladder marker (Fermentas, USA) was loaded
in the M lane. Lanes 1, 2, 3, 4, 12, 13, 14, and 16 displayed a band of
400 bp, indicating the presence of B.abortus. Lanes 5, 6,7, 8,9, 10, 11,
and 15 exhibited bands at 400 bp, 900 bp, and 1300 bp, were indicating

Fig. 4 Isolated bacteria from milk

The RB51 vaccine was detected in 26.3% (26 out of 99) of
milk samples. Of these, 24 samples were from Khuzestan
province (92.3%), 1 sample was from Eastern Azarbai-
jan (3.85%), and 1 sample was from Western Azarbai-
jan (3.85%). Of the 26 samples, 15 samples only showed
the presence of RB51 vaccine DNA, while nine samples
showed the presence of both RB51 vaccine DNA and B.
abortus DNA simultaneously (Fig. 3).

Prevalence of buffalo brucellosis using milk culture

Overall, the incidence of brucellosis based on milk culture
was 0.2% (1/406). Out of 406 buffaloes from the Azary

the presence of both RB51 and B.abortus. The RB51 vaccine and B.ab
were used as reference controls for vaccine and B.abortus strain 544
respectively, while C- was used as the negative control. The positive
control of B. abortus (B.ab) amplified a 400 bp fragment and the RB51
DNA segment corresponding to the vaccine strain amplified 900 and
1,300 bp fragments from vaccine strain

ecotype in Western Azarbaijan, Eastern Azarbaijan, Ard-
abil, and Khuzestan provinces, only one milk sample from a
traditional buffalo farm in Khuzestan province tested posi-
tive in the milk culture (Fig. 4). The bacteria isolated from
this sample showed agglutination with antiserum M but not
with acriflavin and antiserum (A) After 48 h of culture, the
colony size of the isolated bacteria was one to two mm. The
colonies were translucent and shiny, with a faint blue halo
under light. Gram staining revealed red coccobacilli. The
isolated bacteria were able to grow in the presence of thio-
nin and fuchsia dyes. Additionally, no production of H2S
was observed when the isolated bacteria were exposed to
lead acetate paper. The bacteria isolated from buffalo milk
samples also showed resistance to phage Tb (RTD dilution
and RTDx104 dilution), indicating non-lysis. Based on
these characteristics, the isolated Brucella spp. were identi-
fied as (B) melitensis biovar 1.

Comparison of culture, MRT and PCR results

The overall prevalence of brucellosis, as determined by
MRT, culture, and PCR, was 0.32%, 0.25%, and 30.54%
respectively (see Table 1). Out of the six samples that tested
positive using MRT, all six (100%) were also confirmed
positive by PCR, while none (0%) were PCR negative (see
Table 1). Out of the 400 samples that tested negative using
MRT, 118 (4.7%) were PCR positive and 282 (95.3%) were
PCR negative. The difference in results between PCR and
MRT assays was statistically significant (p < 0.05) (Table 2).

The assays were validated by amplifying the positive
control samples of B. abortus and B. melitensis, resulting in
the production of bands of 498 and 731 bp, respectively. In
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Table 1 Compares the prevalence of brucellosis in buffalo milk using
different diagnostic methods in the sampled provinces (East Azerbai-
jan, West Azerbaijan, Khuzestan, and Ardabil)

Diagnostic method Number of  Number Prev-
samples of positive  alence
samples (%)
MRT 1860 6 0.32°
Culture 406 1 0.25°
PCR 406 124 30.54%

a, b: prevalence percentages with different significant letters have a
significant difference (P <0.05)

Identifying Brucellaspecies in milk of buffalo

Table 2 Comparing the prevalence of Brucella abortus and Brucella
melitensis in buffalo milk across the studied provinces using the PCR
method

Province  B. aborts B. melitensis B. aborts and B.
melitensis

West 69.23%(9/13)? 30.77%(4/13)°  0%(0/13)°

Azerbaijan

East 90.48%(19/21)*  0%(0/21)° 9.52%(2/21)°

Azerbaijan

Khuzestan  86.36%(38/44)"  9.09%(4/44)° 4.55%(2/44)°

Ardabil 71.74%(33/46)*  4.35%(2/46)° 23.91%(11/46)°

Total 79.84%(99/124)"  8.06%(10/124)°  12.10%(15/124)°

a, b: prevalence percentages with different significant letters have a
significant difference (P <0.05)

all provinces, the prevalence of B. abortus was found to be
higher than that of B. melitensis. There was no significant
difference observed between the provinces in terms of the
prevalence of B. abortus and B. melitensis. However, it was
noted that the simultaneous prevalence of B. abortus and
B. melitensis was higher in Ardabil province compared to
the other provinces. The isolated bacterium was confirmed
to be wild-type B. melitensis based on the findings from
the AMOS-PCR test, where a PCR product of 731 bp was
obtained. Additionally, the Bruce-ladder test also identified
the isolated bacterium as wild-type B. melitensis, as evi-
denced by the presence of PCR products with sizes of 1682,
794, 587, 450, 152, and 1,071 bp.

Kappa index and comparison of agreement between
Culture, MRT and PCR methods with McNemar’s test

The Kappa statistical analysis indicated that there was
poor agreement between culture and PCR (k=0.0112)
and between MRT and PCR (k=0.0259). However, a fair
agreement was observed between culture and MRT tests
(k=0.222). McNemar analysis showed a significant differ-
ence in the positive and negative results obtained using dif-
ferent methods. Furthermore, our findings suggest that PCR
occasionally yields false positives as a result of detecting
the RB51 vaccine, despite generally demonstrating higher
sensitivity than culture and MRT (Table 3).
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Table 3 Agreement between different tests used for buffalo brucellosis

Comparison  Observed SE Kappa 95% p-Value
Agreement Value CIof *

Kappa
Culturevs.  98.77 0.2221 0.2827 -0.1527, 0.0253
MRT 0.7181
Culturevs.  69.7 0.0111 0.0112 -0.0106, <0.0001
PCR 0.0329
MRT vs. 76.8 0.0259 0.0660 0.0153, <0.0001
PCR 0.1167

* p value < 0.05 considered as significant; SE—Standard error

Discussion

Water buffaloes that originally come from India and China
have successfully spread across the globe and have become
a significant and valued source of food. Through experi-
mental research, it has been discovered that female water
buffaloes can contract brucellosis by consuming B. abortus
(Xavier et al. 2009). Keeping various livestock in close
proximity can also promote bacterial transmission. More-
over, since water buffaloes are accustomed to walking in
muddy areas, they may play a significant role in the spread
of brucellosis (Catozzi 2020). Moreover, the prevalence of
disease in buffalo populations is significantly influenced by
the level of natural genetic resistance. Notably, the presence
of the natural macrophage resistance-associated protein 1
gene (Nrampl) is closely associated with brucellosis resis-
tance in cattle (Adams and Templeton 1998). The Nramp1BB
genotype has been shown to offer protective effects in buf-
faloes against brucellosis. Therefore, it is anticipated that
the prevalence of this genotype will influence the incidence
of brucellosis in these animals (Borriello et al. 2006). How-
ever, it has been revealed that the genotype of NramplAA
confers susceptibility to B. abortus (Capparelli et al. 2007).
Furthermore, significant alteration of lymphocytes has been
reported in buffalo with brucellosis (Grandoni et al. 2023).
Despite the role of buffalo milk as a source of infection in
humans, few studies have been investigated on the presence
of Brucella spp. in the milk of buffaloes in Iran. The aim of
this study was to investigate the presence of Brucella spp. in
milk samples of buffaloes in Iran. In southern Iran, buffalo
breeding and milk production are important sources of
income (Dadar et al. 2021). This study revealed the overall
individual seroprevalence of dairy buffalo brucellosis in
Iran at low levels of 0.3% through MRT. The overall occur-
rence is lower than that in the previous studies from Iraq
(Abbas and Aldeewan 2009; Almashhadany 2019), where
the prevalence of Brucella antibodies in milk ranged from
7.5 to 24.2% using MRT assay in buffaloes. A study con-
ducted in the Kurdistan region of Iraq involved the random
collection of 80 buffalo milk samples from lactating females.
The results indicated a 7.5% overall prevalence of Brucella
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antibodies. The study recommended utilizing MRT as a
standard screening tool for brucellosis in dairy factories,
farms, and milk collection centers (Almashhadany 2019). In
another study conducted in Basra province, Iraq, research-
ers collected a total of four hundred and twenty samples of
raw buffalo milk from various sites. These samples were
then assessed using the MRT method to detect the presence
of Brucella antibodies. The findings revealed that approxi-
mately 24.2% of the samples tested positive for these anti-
bodies (Abbas and Aldeewan 2009). In Pakistan, a
comprehensive study was conducted to assess the presence
of B. melitensis and B. abortus in both buffalo and bulk tank
samples. The evaluation involved analyzing a total of 300
samples, utilizing MRT and ELISA commercial kits
(I-ELISA). Among the milk samples collected from buffa-
loes, the prevalence of the pathogens was found to be 15%.
To ascertain the accuracy of MRT, Milk I-ELISA was used
as the standard golden test. The results showed that MRT
exhibited a sensitivity of 78.9% and a specificity of 100%
for buffalo samples. Overall, this research sheds light on the
prevalence and diagnostic performance of B. melitensis and
B. abortus in Pakistan’s buffalo population, offering valu-
able insights for potential control and prevention measures
(Khan et al. 2018). Although, Chand and his colleagues
reported that MRT has less sensitivity in diagnosing B. meli-
tensis (Chand et al. 2005), it is very useful in cows. How-
ever, the reliability of the experiment decreased when
dealing with large herds, specifically those with more than
100 lactating cows. Additionally, it is essential to consider
that MRT (Milk Ring Test) can produce false-positive
results due to various factors. These factors include mastitis,
colostrum presence, milk samples collected towards the end
of lactation, as well as hormonal disorders. (Mahajan et al.
2011). The presence of Brucella spp. contamination in
Tabriz City was investigated by analyzing 40 buffalo milk
samples using the i-EIISA and MRT assays. The study
revealed that 12 samples (14.11%) were contaminated with
Brucella spp. These findings suggest that there is a signifi-
cant level of Brucella spp. contamination in the milk distrib-
uted throughout the city. Therefore, it is crucial to take
proactive measures and implement careful and proper plan-
ning to prevent the distribution of contaminated milk
(Azarkamand et al. 2017). Furthermore, regulation of One
Health approaches through strict control of animal, human,
and environment health proposed to tackle brucellosis and
control the reemerged brucellosis in buffaloes (Mazzeo et
al. 2023). The findings of our study revealed a notably lower
prevalence of Brucella in milk samples compared to previ-
ous studies conducted in Iran and neighboring countries.
Interestingly, the study identified the highest incidence of
positive MRT results in buffalo milk samples from
Khuzestan province, closely followed by East Azerbaijan.

However, both Ardebil and West Azerbaijan demonstrated
zero positive MRT results. It’s worth noting that Brucella
spp., being slow-growing bacteria, were the isolates
obtained and identified in this study, specifically as B. meli-
tensis biovar 1. These results align with previous findings,
as B. melitensis biovar 1 has been previously reported in
milk samples from a buffalo herd in Sicily(Adone et al.
1998). Brucella species and biotypes may vary from one
area to another in buffaloes. In India (Das et al. 1990) and
Italy (Di Giannatale et al. 2008), B. abortus biovar 1 was
detected in buffaloes. In Turkey, B. abortus biovar 3 was
isolated from buffaloes (Ozen et al. 2021). In Argentina, B.
abortus biovar 5 has also been reported in an aborted buf-
falo fetus(Martinez et al. 2014). In another study, B. abortus
biovar 6 was identified in Italian buffaloes (Adone et al.
1998). However, the isolation of Brucella is difficult, time-
consuming, and potentially dangerous for laboratory work-
ers. Therefore, most recent studies have used
culture-independent diagnostic methods, such as ELISA
and PCR to detect infection (Amoroso et al. 2011; Fusco et
al. 2009; Baltazar-Pérez et al. 2022). In this study, we evalu-
ated the feasibility of PCR as a diagnostic tool to detect Bru-
cella species in buffalo milk with positive and negative milk
ring tests. The results showed that all the negative samples
in the MRT were also negative in microbial culture, while
out of 400 negative milk samples in the MRT, 118 samples
(29.5%) were positive in the PCR test. All positive samples
in the MRT showed positive results in the PCR assay. The
presence of Brucella DNA in buffalo milk alone does not
indicate contamination and can be caused by exposure of
buffaloes to infected animals or the excretion of the vaccine
in buffalo milk. The results of the present study also showed
agreement with those of Dehkordi et al., which showed that
the highest prevalence of Brucella spp. DNA belonged to B.
abortus through the TagMan real time PCR (Dehkordi et al.
2012). He showed the sensitivity and specificity of the real-
time PCR method was 100%. Moreover, in agreement to our
results, statistical analysis of Dehkordi et al., showed a sig-
nificant difference between B. abortus and B. melitensis.
The results showed that PCR is significantly faster than the
current standard methods for the isolation of Brucella spe-
cies (Dehkordi et al. 2014). Molecular investigations of
Brucella spp. were performed on Iranian buffalo sperm
samples by PCR and real-time PCR. DNA samples were
extracted and primers were designed using the IS711 target
for PCR. In total, 14.28% of sperm samples were positive in
Brucela species. A total of 14 (15.3%) and 1 (1.1%) of the
sperm samples were positive for B. abortus and B. meliten-
sis, respectively (Dehkordi et al. 2014). In another study, the
milk of seropositive and seronegative buffaloes was tested
using PCR and Real-time PCR methods, and the molecular
findings were compared with the results of bacteriological
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and serological tests. They showed that although culture had
higher sensitivity than PCR tests, some buffaloes were posi-
tive by serological tests and negative by PCR testing and
milk culture. Therefore, the mutual use of molecular and
bacteriological methods has increased the detection of posi-
tive samples (Marianelli et al. 2008). However, detection
limits for Brucella in the milk of cow is variable in different
literature from 2.8 x 10* cfu/mL (Rijpens et al. 1996) to
2x10° cfu/mL (Sreevatsan et al. 2000), and between 5 and
50 cfu/mL(Romero and Lopez-Goni 1999). Furthermore,
different limits have been observed for various Brucella
species. A detection limits of 1000 cfu/ml for B. melitensis
and 100 cfu/ml for B. abortus were reported in a study on
milk samples that artificially infected with B. melitensis or
B. abortus (Hamdy and Amin 2002; Romero and Lopez-
Goiii 1999). Therefore, various factors such as the Brucella
species tested, the DNA extraction protocol, the amount of
sample processed, and the molecular assay used may affect
PCR sensitivity (Marianelli et al. 2008).

B. abortus vaccine strain RB51 in the milk of water buf-
faloes was also detected in 26.3% of the positive samples of
B. abortus in Khuzestan province (92.3%), Eastern Azarbai-
jan (3.85%), and Western Azarbaijan (3.85%). Similarly, the
RB51 strain isolated from buffalo milk farms in southern
Italy posed the risk of this vaccine to milk consumers fol-
lowing illegal vaccination or public health implications
for farm workers (Averaimo et al. 2022). B. abortus RB51
is naturally resistant to rifampin and can be caused seri-
ous infection in humans. Under experimental conditions,
the shedding of RB51 in milk has been reported in water
buffalo only after a triple dose injection of vaccine during
the first week (Longo et al. 2009). Our results showed the
first identification of the RB51 vaccine in the milk of water
buffalo under field conditions in Iran. These results dem-
onstrate that illegal administration of the B. abortus RB51
vaccine in buffaloes might cause public health concerns. In
our study, we evaluated the combined use of serological,
molecular, and cultural tests for diagnosing brucellosis in a
buffalo population across different regions of Iran. By com-
paring serological and bacteriological tests, we found that
only one out of 1860 buffaloes tested positive for infection
(positive serology and positive culture). Additionally, five
animals showed positive serum results but negative culture,
suggesting potential exposure to infected animals without
actual infection. This highlights the importance of using
multiple diagnostic methods since relying on a single test
could lead to overestimating the true prevalence of Brucella.
Serological tests, despite being the main diagnostic method
for brucellosis screening in the field, have limitations. They
cannot distinguish between animals that are truly infected
and those that have been vaccinated, which is crucial for
an accurate diagnosis. To address this issue, we propose the
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simultaneous use of two direct detection methods (culture
and PCR) along with an indirect detection method (MRT).
This combined approach proves to be more effective in
detecting Brucella in buffalo milk compared to relying on
a single test alone.

Conclusion

In conclusion, our results indicate that employing a combi-
nation of diagnostic techniques yields better outcomes for
identifying Brucella infections in buffalo populations. By
utilizing both direct and indirect methods, we can improve
the accuracy of diagnosis and subsequently enhance the
management and control of brucellosis in these animals. In
order to reduce the risk of brucellosis in Iranian buffalo, it
is important to implement effective control measures such
as vaccination and improved husbandry practices. Addi-
tionally, it is important to create awareness among farmers
about the risk of brucellosis and the need for regular test-
ing of their animals. The results of this study indicate that
Brucella spp. is present in buffalo milk in Iran, and there is
a need for further studies to investigate the prevalence of
the disease in buffaloes in the country. In addition, appropri-
ate control measures should be taken to reduce the risk of
transmission of Brucella spp. from buffalo milk to humans.
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