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ABSTRACT: Brucellosis is an infectious bacterial disease caused by members of the genus Brucella, affecting both
humans and animals, resulting inserious economic losses in animal production sector as well as deterioration of public
health. A cross-sectional study was conducted from January to August of 2018 to determine the seroprevalence and as-
sociated risk factors of bovine brucellosis, in Regions of Central Macedonia and Eastern Macedonia and Thrace, North
Greece. A total of 1,255 blood samples were collected using a simple random sampling technique from dairy buffaloes
older than12 months. All serum samples were analyzed with Rose Bengal Test for screening and Complement Fixation
Test for confirmation of the positive samples. Accordingly, the overall individual-level seroprevalence of dairy buffa-
loes in the study area was 0.72% (9/1,255; 95% CI:0.32-1.36%) while the overall herd-level seroprevalence reached
15.38% (4/26; 95% CI:6.15-33.53%). Moreover, information was gathered on demographic characteristics of the farm
owners, individual animals, herd level risk factors and other farm characteristics using a questionnaire. Higher prev-
alence of Brucella spp was observed in buffaloes bred under intensive and semi-intensive feeding systems, compared
to those bred under extensive ones. High seroprevalence of brucellosis was also observed in medium size herds. Two
of the herds provided available history data of the disease,during the last five years,while, in these two herds, delays in
the implementation of brucellosis eradication programs were revealed. Overall, our study indicated that the occurrence
of brucellosis in Greece dairy buffalo farms is at a low magnitude. Even though the seroprevalence is low, it can still
be a potential hazard for both susceptible animals and humans.
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INTRODUCTION

rucellosis is a zoonosis affecting both public and

livestock health worldwide (Pappas et al., 2006).
The disease is caused by a facultative intracellular,
coccobacillus, non-spore-forming, non-motile bacte-
rium of the genus Brucella. Most species of Brucella
can infect multiple species of animals including hu-
mans (Godfroid et al., 2010).

The genus Brucella is currently classified into12
known species, according to pathogenicity and host
preference basic differences: Brucella melitensis, B.
abortus, B. suis, B. ovis, B. canis, B. neotomae, B.
pinnipedialis, B. ceti (Foster et al., 2007;Godfroid
et al., 2011; Scholz et al., 2008; Scholz et al., 2010;
Scholz et al., 2016), as well asthe more recently pro-
posed B. microti, B. inopinata, B. papionis and B. vul-
pis (Whatmore et al., 2014; Scholz et al., 2016).

In humans, brucellosis affects many organs and tis-
sues, while the clinical signs are not specific (Solera et
al., 1999; Pappas et al., 2006). Humans are commonly
infected either through unpasteurized milk products
consumption, or via close contact with infected ani-
mals (Mantur et al.,2007). Less often accidental in-
fection may occur due to manipulation procedures of
live vaccine strains or virulent Brucella strains in the
laboratory (Corbel, 1997). Since there is no vaccine
available for human brucellosis, prevention relies on
control of the disease in animals mainly in species
that serve as reservoirs. At the human/animal/ecosys-
tem interface it is critical to reduce opportunities for
Brucella to spread from one host species to another.
This task constitutes a shared responsibility as well as
a challenge and the “One Health” approach needs to
be implemented (Godfroid et al., 2011).

Regarding cattle, the infection is mainly caused by
B. abortus, less frequently by B. melitensis and occa-
sionally by B. suis (OIE, 2016). The pathogenicity of
this bacterium is mainly based on its ability to repli-
cate and survive within the host cells. It is considered
as biosafety level-3 pathogen while can potentially be
exploited as bioweapon (Klietmann et al., 2001).

Bovine brucellosis is manifested with abortions,
retained placenta, metritis, weak calves, stillbirth, in-
fertility, and reduced milk yield (Enright, 1990;0IE,
2016). Infected bulls may show signs of infection
including orchitis and epididymitis. Chronic orchitis
and fibrosis of the testicular parenchyma of infected
bulls are frequently followed by impairment of se-
men production, and partial or permanent infertility

(Rhyan et al., 1997;Poester et al., 2013)

All bovines and small ruminants are included in
the Greek national brucellosis control and eradication
program based on serological tests and slaughtering
of the seropositive ones. However, latent infections,
prolonged incubation of the pathogen, protection pro-
vided by vaccines, and difficulties in distinguishing
serologically vaccinated and naturally infected an-
imals have limited the efficacy of the implemented
eradication programs. Moreover, the above programs
adopt common strategies for both cattle and buffaloes
without any distinction among species.

The Rose Bengal Test constitutes the most com-
mon serological test for indirect diagnosis of Brucel-
losis,representing an affordable, quick, simple and
efficient methodology for screening herds that can
also be used in individual animals as iELISA. On the
contrary,the Complement Fixation Test (CFT) is used
as a confirmatory test in case of positive agglutina-
tion reaction. Although it is complex to perform,it
exhibits excellent specificity levels (Godfroid et al.,
2010;0IE. 2018).

Regarding the isolation of Brucella species and
biotypes in humans in Greece, Kansouzidou et al.
(1996) and (2002), studied in detail the last 35 years
640 Brucella strains of human origin. These studies
showed that until the year 2000 B. melitensis biotype
2 was the most frequent one, and thereafter, a change
occurred and the next years biotype 3 was found to
be the primary one. Most human brucellosis cases are
attributed toB. melitensis (Hadjichristodoulou et al.,
1999;Mitka, 2005;Lytras et al., 2016).

In Greece, B. melitensis is mostly detected in small
ruminants (sheep and goats),whereas B. abortus is
found in cattle. Different authors have published re-
ports originated from different parts of the country
indicating that brucellosis still remains a widespread
disease(Sossidou, 1993; Hadjichristodoulou et al.,
1999; Minas et al., 2004).

A study has confirmed the presence of B.abortus-
biovars 1,2,3 and B.melitensis biovarsl and 3 exam-
ining cultures from milk samples from seropositive
bovines and Brucella melitensis biovar 3 examining
cultures from milk samples from seropositive sheep
and goats (Katsiaounis, 1996).

Nevertheless, in Greece, there is lack of informa-
tion concerning the prevalence the disease in buffa-
lo. Keeping this in mind, the aim of the present study
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was to investigate the seroprevalence and possible
risk factors for brucellosis, in dairy buffaloes in the
mainland Greece.

MATERIALS AND METHODS

Study area

The study was carried out from January to August
2018 in northern Greece, where the vast majority of
the country’s buffalo populations are reared. Blood
samples were collected from farms located within
Regional Unitsof Thessaloniki, Serres, Kilkis and Ro-
dopi, in Regions of Central Macedonia and Eastern
Macedonia and Thrace (Fig.1).

The study area

L

scale 1:5.000.000

PERFECTURES
RODOPI
SERRES
KILKIS

@ THESSALONIKI

[ ] GREECE

Fig 1: Map of Greece showing the location of the dairy buffaloes’
herds

The Region of Central Macedonia is located at
40.6212° N and 23.1918° E while the Region of East
Macedonia and Thrace is located at 41.1295° N and
24.8877° E. Both Regions are characterized for the
typical Mediterranean climate, having mild and rainy
winters, and relatively warm and dry summers while
the sunshine duration is long almost all the year.

Study design
The target population of this cross-sectional study

was all dairy buffalo herds of the study area. Accord-
ing to the official data obtained from the Greek Min-
istry of Rural Development and Food, the estimated
livestock and herd population in the above Regional
Units is recorded at 164,455 bovines and 3,197 bo-
vine herds, respectively and the estimated livestock
and herd buffalo population in the above Regional
Units is officially recorded at4,006 buffaloes and 34
buffalo herds. Buffaloes aged over than 1-year-old
were examined for the needs of this study. Specifi-
cally, 26 dairy buffalo herds within selected districts
numbered 2,232 buffaloes, while none of the above
buffaloes had been vaccinated against brucellosis.

Blood Sampling

A total of 1,255 buffaloes (female and male) > 1
years old, from 26 dairy buffalo herds, were sampled
by local official veterinarians according to the proce-
dures of the national brucellosis eradication program.
Blood samples were collected aseptically in 4-5 ml
plain vacutainer tubes from the jugular or tail vein of
each animal. The vacutainer tubes were labeled with
the unique herd- animal identification code and were
immediately forwarded to the nearest national autho-
rized Veterinary Laboratory. After centrifugation, se-
rum was transferred to cryovials and stored at-20°C
until transportation to the Department of Microbi-
ology and Infectious Diseases, School of Veterinary
Medicine, Aristotle University of Thessaloniki for
further analyses.

Questionnaire survey

In parallel to blood collection, a structured pilot
tested questionnaire designed based on the related
literature,was administered by local official veteri-
narians and the authorized author. The questionnaire
was completed within a 10-minute interview of herds’
owners, after verbal consent obtained.

The questionnaire was designed to record infor-
mation concerning potential risk factors for brucello-
sis infection. It contained questions on demographic
characteristic of the owners such as level of educa-
tion, attendance of relative workshops during the last
five years, years of experience in farm, as well as
questions on potential herd-level risk factors includ-
ing herd size, reproductive disorders, housing system,
presence of other animal species in the farm, health
status of the farm, breeding method, uninterrupted
veterinary surveillance of the brucellosis eradication
program, management system and biosecurity mea-
sures.
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Serological Tests

All sera samples collected, were initially screened
for the presence of brucella antibodies by Rose Ben-
gal Test (RBT) using the RBT antigen (IDvet,France),
according to OIE(2018) procedures. Positive and neg-
ative control serum for RBT and Complement Fixa-
tion Test(CFT) were obtained from Veterinary Center
of Thessaloniki. An obvious, clear, and complete ag-
glutination at the end of the 4 min time period was re-
corded as strong (+++/++++) positive result, whereas
clear but not complete agglutination was character-
ized as medium (++).Absence of agglutination at the
end of the 4 min time was marked as negative result.
Reactions observed after 4 min were not considered.

Furthermore,CFT was performed to additionally
examine all serum samples using standard B. abor-
tus Antigen S99(Veterinary Laboratory Agency UK).
Complement, haemolysin and antigen were evaluated
by titration to determine the working dilutions and the
CFT was performed according to the outlined proce-

dures by World Organization for Animal Health(OIE,
2018).

According to the same protocol, sera giving titer
(1/4++) equivalent to 20 ICFTU/ml or more were
considered to be positive and sera giving titer (1/4+)
equivalent to 16.6 ICFTU/ml or less were considered
as negative.

Data Analysis

Data obtained from both questionnaire and serolo-
gy were entered into a Microsoft Excel 2007 file and
carefully checked for errors. The statistical analysis
was performed using SPSS 2016, version 24 (SPSS
Corp., IBM, Armonk., NY, USA). Due to the small
sample size of holdings (26) and low prevalence rate
of brucellosis on herd’s level as well as on animal lev-
el, univariate analysis was not performed. However,
graph (Fig.2) and descriptive statistics (frequencies)
of brucellosis’s related risk factors obtained from the
questionnaire are presented in Table 1.

M Proportion of responders B Number of positive herds
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Fig 2: Graphical of educational level, follow up educational seminars and events last five years, year of experience in farm of respon-
dent with positive herds
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Table 1: Variables included in the questionnaire addressed to farm owners about buffalo brucellosis

Variables Response category Frequency %o
Level of education 1= compulsory 1=1 3.85
2=middle 2=23 83.85
3=high 3=1 3.85
4=higher 4=1 3.85
Attendance of relative workshopsduring the last ~ 1=ministry 1=0 0
five yearsorganized by: 2=region 2=13 50
3=farms 3=1 3.85
4=none 4=12 46.15
Experience in farm (in years) 1=<5 1=1 3.85
2=5-10 2=1 3.85
3=>10 3=24 92.3
Number of buffalos in the farm 1=<50 1=10 38.48
2=51-100 2=8 30.76
3=>100 3=8 30.76
Health status of farm 1=B4, B3 1=20 76.9
2=B2, B+ 2=6 23.1
3=Bl, B4 ab*, B3 ab* 3=0 0
Breeding method I=artificial insemination 1=0 0
2=natural breeding 2=26 100
3=both
Production specialty 1=dairy 1=0 0
2=meat 2=0 0
3=combined 3=26 100
Type of operation I=extensive 1=4 15.4
2=intensive 2=2 7.7
3=semi-intensive 3=20 76.9
Waste management I=composting in tanks 1=0 0
2=manuredistribution into fields 2=26 100
3=other 3=0 0
Method of disposing aborted fetuses I=cremation 1=0 0
2=burry 2=2 7.7
3=other (disposalin open field) 3=24 92.3
Method of disposing placentas I=cremation 1=0 0
2=burry 2=2 7.7
3=other (disposalin open field) 3=24 92.3
Dogs in the farm 1=yes 1=17 65.4
2=no 2=9 34.6
Animals are mainly confined I=yes 1=10 38.5
2=no 2=16 61.5
Contact with other sensitive animal species other 1=yes 1=17 65.4
than bovines (sheep, goats, pigs, dogs, wildlife)  2=no 2=9 34.6
Distance from nearby infected holdings (in 1=<500 1=16 61.5
metres) 2=>500 2=10 38.5
Workers employed additionally in other farms I=yes 1=8 30.8
2=no 2=18 69.2
Use of common pasture I1=yes 1=17 65.4
2=no 2=9 34.6
Use of common agricultural roads 1=yes 1=16 61.5
2=no 2=10 38.5
Uninterrupted veterinary surveillance of the I=yes 1=22 84.6
eradication program 2=no 2=4 15.4
Decontamination wheel bath for vehicles I=yes 1=12 46.2
2=no 2=14 53.8
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Variables Response category Frequency %o
Monthly replacement of disinfectants in wheel 1=>1, 1=10 38.5
baths 2=none 2=16 61.5
History of disease in the farm 1=yes 1=2 7.7
2=no 2=24 92.3
Type of health problems in animalsduring the I=respiratory system 1=0 0
lastyear 2=digestive system 2=3 11.5
3=reproductive system 3=4 15.4
4=other/none 4=19 73.1

*abeyance

RESULTS

Animal and herd-level seroprevalence of Brucello-
sis in dairy buffaloes in Greece

The total number of buffalo samples that were an-
alyzed using RBT were 1,255.0nly 0.72% (9/1,255)
were found positive. Among them, 6 RBT-positive
samples, that is, 66% (6/9) gave strong positive re-
sults and 3 RBT-positive samples, that is, 33.3% (3/9)
medium. All the buffalo samples (1,255) were subse-
quently analyzed with CFT to confirm the presence
of antibodies against Brucella spp. Among all 1,255
samples, 9 samples were found positive using CFT,
that is 0.72% (9/1,255). The overall animal-level sero-

prevalence was 0.72% (9/1,255, 95% CI: 0.32-1.36%))
using both RBT and CFT. The overall herd-level se-
roprevalence was 15.38%, as 4 out of 26 herds were
seropositive (4/26, 95% CI = 6.15-33.53%). A herd
was considered as positive if at least one analyzed an-
imal resulted to a positive infection by both RBT and
CFT(Table 2 and 3).

Comparison of Serological Tests for Buffalo Bru-
cellosis

The kappa statistics exhibited absolute agreement
between RBT and CFT, taking CFT as gold-standard
test (Table 4).

Table 2: Animal-level seroprevalence of brucellosis in Buffaloes based on RBT and CFT

Test Assay Classification No. Individual Prevalence % 95% CI
RBT Negative 1246 0.72% (9/1255) 0.32-1.36%
Positive 9
CFT Negative 1246 0.72% (9/1255) 0.32-1.36%
Positive 9
Total 1255 0.72 % (9/1255) 0.32-1.36%
Table 3: Herd-level seroprevalence of Buffaloes brucellosis based on RBT and CFT
Test assay Classification No. herds Prevalence % 95% CI
RBT Negative 22 15.3% (4/26) 6.15-33.53%
Positive 4
CFT Negative 22 15.3% (4/26) 6.15-33.53%
Positive 4
Total 26 15.3% (4/26) 6.15-33.53%

Table 4: Kappa test for agreement between RBT and CFT for Buffalo brucellosis

CFT Kappa value Kappa interpretation p-value
tve -ve
Positive 90 excellent agreement <0.00
RBT Negative 0 1246 1
TOTAL 91246

Interpretation of kappa statistic: > 0.8-1: excellent agreement; > 0.6-0.8: substantial agreement; >0.4-0.6: moderate agreement; >0.2-

0.4: fair agreement; > 0-0.2: slight agreement; 0: poor agreement; <0: disagreement
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Results of Questionnaire Survey

Among the 26 interviewed farmers investigated
during our survey, the majority (88.45%)declared to
have middle educational level, and more than 10 years
of professional experience in farms(92.3%)(Fig.2).

Seventy-six-point nine percent (76,9%) of the hold-
ings belonged to official brucellosis free status,while
the remaining 23.1% belonged to Brucella positive
ones (Tablel).Of the total respondents, 24livestock
farmers (92.3%)declared that the last 5 years no bru-
cellosis history in the farm has been observed and all
animals of the herd were free of pathogens.Sixty-five
percent (65%) of the farmers owed dogs within the
farms while due to shared common roads and pastures
all animals of the flock could potentially comein close
contact with other wild animals from the forest. Also,
61% answered that they never change the disinfec-
tants in the decontamination wheel bath for vehicles.
Moreover, it was revealed that the waste management
method used was manure disposal by discharging
onto pasture as illustrated in Table 1.

DISCUSSION

Buffaloes constitute a traditional component of the
livestock heritage of Greece and are considered as im-
portant part of the national domestic livestock genetic
resources and biodiversity. Although buffaloes can act
as an important reservoir of brucellosis for the bovine
species, there is a lack of information on the regional
prevalence and distribution of the disease in buffaloes
in Greece.

The present study revealed that the overall indi-
vidual seroprevalence of dairy buffalo brucellosis in
Greece was at low levels, i.e. 0.72% (9/1,255, 95%
CIL:0.32-1.36%) and the herd level seroprevalence
was at 15.3% (4/26, 95% CI:6.15-33.53%). Epide-
miological studies have recommended the use of two
tests applied serially to maximize results accuracy
(Godfroid et al., 2002). A combination of RBT and
CFTis the most widely accepted serial testing scheme.
RBT is highly sensitive test and could easily be ap-
plied in field conditions, whereas CFT is highly spe-
cific, usually utilized as a confirmatory test method
(Mainar-Jaime et al. 2005; Samui et al., 2007; OIE,
2018).Nine positive serum samples in the present
study were found strongly positive in both RBT and
CFT tests.

Seroprevalence (0.72%) was below the 1% sero-
prevalence of brucellosis reported using the RBT and

CFT in all dairy bovine in Regional Units of Thes-
saloniki, Kilkis, Serres and Rodopi according to the
official data from Greek Ministry of Rural Develop-
ment and Food, 2018. A previous experimental study
of intra-conjunctival inoculation of B. abortus 1969D
strain suggested that buffaloes are more resistant
to B. abortus infection than cattle (Adesiyun et al.,
2010). Nevertheless, a study conducted in Trinidad
and Tobago showed that buffaloes tend to be infected
with Brucella abortus strain less virulent than cattle.
Therefore, in addition to apparent innate resistance to
infection, buffaloes tend to be infected with less vir-
ulent strains (Adesiyun et al., 2011). Yantzis (1984)
reported 4.7% to 1.5% seroprevalence of cattlelevel
brucellosis from Central Macedonia in Greece for the
years 1977-1981.

Regarding the species and biotypes of brucellosis
affecting bovine animals in Greece, the data indicate
that since 1926, when the first outbreak of bovine bru-
cellosis was diagnosed, B. abortus biovars 1, 2 and 3
and B. melitensis biovars 1 and 3 strains were isolated
by culture of milk specimens(Katsiaounis, 1996).

The herd level seroprevalence of 15.3% was high-
er than the 3.3% reported from the same Regional
Units according to the official data obtained from the
Greek Ministry of Rural Development and Food for
the year 2018,implying that the Brucella infection was
probably extended this period possibly on account of
non-effective biosecurity measures. Differences in the
herd level seroprevalence rates observed in this study,
as opposed to those recorded by official data, may be
owing to several factors such as the presence or ab-
sence of infectious foci, including Brucella-infected
dairy farms or beef cattle farms in the surrounding
areas.

Various reports have been published from differ-
ent countries.Seroprevalence of cattle brucellosis was
reported to be 6.5% in Jordan (Al-Majali et al. 2009).
In Punjab India, the prevalence of disease in buffalo
and cattle increased to 16.4 and 20.7%, respective-
ly, with an overall prevalence of brucellosis at 18.3%
(Aulakh et al. 2008). In Ethiopia, results showed that
the overall seroprevalence of bovine brucellosis at the
individual animal level was 2.9% (low) and the over-
all seroprevalence at the herd level was 13.6% (mod-
erate) (Jergefa et al., 2009). In Albania, the overall
herd prevalence of bovine brucellosis in beef cattle,
based on the results of RBT, FPA, and ELISA, was
55% (CI1>0.95, 40-71%) (Fero et al., 2020).

J HELLENIC VET MED SOC 2022, 73 (3)
TIEKE 2022, 73 (3)



4604 A.PAPAPOSTOLOU, E.J. PETRIDOU, K. PAPAGEORGIOU, A. STOURNARA, A. BENOS, S.Q. LAFI, N.D. GIADINIS

Recently, in North Brazil, the area with the largest
buffalo herd in the country, and more specifically the
state of Para, (Silva et al., 2014b) evaluated 3,917 se-
rum samples from pregnant and non-pregnant buffalo
cows using RBT, found that 4.8% (188/3,917) of the
animals were seropositive. Of these, 95.7% (180/188)
were confirmed by 2-Mercapteoethanol test (2-ME),
showing that the infection is active in the Brazilian
region with the largest buffalo population and the
disease poses a risk to public health and buffalo pro-
duction in the Amazon biome. In 2013, in north-east
Argentina, Konrad et al., (2013) reported 6.4% posi-
tive buffaloes by FPA. Despite the implementation of
eradication measures, brucellosis in buffaloes in Italy,
especially in the province of Caserta, remains at high
prevalence (Caporale et al., 2010).

In 2005, Ligda and Georgoudis, concluded that
the buffalo farmers rear their buffaloes following tra-
ditional ways and reported that the buffalo rearing
system in Greece was grazing during the entire year,
whereas during the period from November to April,
supplementary feed was administered to the animals.

In this study, high prevalence of Brucella was ob-
served in buffaloes which were reared under intensive
and semi-intensive production systems, in contrast to
those bred under extensive ones. This finding is in ac-
cordance with the study of Tsegayea et al., in Ethiopia
in 2016. This could be explained by the fact that in
these feeding systems there is a greater chance of con-
tact among infected and healthy animals, or healthy
animals with infectious materials, since most farmers
do not follow good practices in terms of biosecurity
and hygiene (Tsegayea et al., 2016).

In our study a high number of positive herds was
observed in medium herds (51-200 animals) as illus-
trated in Table 5. The association between the pres-
ence of bovine brucellosis and the herd size, corrob-
orated the results of studies in the exciting literature
(Al-Majali et al., 2009;De AlencarMota et al., 2016).
It was also observed that approximately 65% of the

herds shared common pasture, common road and they
were less than 500 meters away from nearby already
infected holdings. Cleaning and disinfection proce-
dures of premises and manure were not consistently
applied leading to posing high risks of transmitting the
disease within and in between the herds.This finding
is in accordance to other studies in extensive livestock
production system in Ethiopia(Megersa et al., 2011).

Also, 61% of'the herds were not”’closed” and there-
fore the dynamics and frequent migration of pastoral
herds might increase the risk of coming into close
contact with other potentially infected herds as well
as being exposed to geographically limited or other
diseases. Animal movements also increase the chance
of contact with wild animals (Valergakis et al.,2008).
Muma et al. (2007),demonstrated that herds coming
into close contact with wildlife had higher probability
to be infected than those without contact. The pres-
ence of dogs has been described as a potential risk
factor for brucellosis infection in farm animals, espe-
cially in endemic areas and/or areas where there are
no brucellosis control programs. Dogs act as mechan-
ical carriers that feed on aborted fetus and placentas.
Dogs acting as mechanical carriers feeding on aborted
fetus and placentas,spread bacteria into the environ-
ment (Coelho et al., 2015).

Two of the herds had history in brucellosis during
the last five years and in these two herds there were
delays in the implementation of brucellosis eradica-
tion programs. Due to the small sample of farms in
the study area, inter-farm transmission factors and
farm-level variables (common management practic-
es, such as disposing aborted fetuses and placentas,
rearing other animals within the farm etc.), were not
investigated by statistical models. Thus, all buffalo
herds and all buffaloes older than one year in each
herd were included without random sampling. Only
serological studies were conducted, and it was not
supported with the gold standard test of bacterial iso-
lation and identification.

Table 5: Number of positive herds based on RBT and CFT, according to herd size.

Herd size (%)

Number of positive herds

Prefectures Nu:; :_);: of Small Medium Large Small Medium Large
(1-50) (51-200) (>201) (1-50) (51-200) (>201)
Thessaloniki 5 2 3 0 0 2 0
Serres 16 6 8 2 0 1 2
Kilkis 3 1 2 0 0 0 0
Rodopi 2 1 1 0 0 0 0
TOTAL 26 10(38.4) 14(53.8) 2(7.8) 0 3 1
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CONCLUSION

In conclusion, the present study indicated that
the occurrence of brucellosis in Greece dairy buffalo
farms is at a low magnitude. Although the seropreva-
lence is low, it can still be a potential hazard for both
animals and humans.Moreover, the existence of dis-
tinct epidemiological characteristics between buffalo
and bovine brucellosis must be taken into consider-
ation while further studies on this topic are needed,
since most of the published papers are referred to the
bovine species.

ETHICAL APPROVAL: All animal manipu-
lations were carried out according to the EU Direc-
tive on the protection of animals’ usage for scientific
purposes (2010/63/EU). The research protocol was
approved by the General Assembly of the Veterinary
Faculty of Aristotle University of Thessaloniki deci-
sion 48/9-12-2014

CONFLICTS OF INTEREST
The authors declare no conflict of interest.

REFERENCES

AdesiyunA.A Fosgate G.T., Persad A., Campbell M., Seebaransingh R.
&Stewart-Johnson A. “Comparative study on responses of cattle
andwater buffalo (Bubalus bubalis) to experimental inoculation of
Brucella abortus biovar 1 by the intraconjunctival route-a preliminary
report.” Trop. Anim. Health Prod., 2010: 1685-1694.doi: 10.1007/
s11250-010-9621-3

AdesiyunA.A,Fosgate G.T., Seebaransingh R., Brown G., Stoute S. &
Stewart-Johnson A. “Virulence of Brucella abortus isolated from cat-
tle and water buffalo.” Trop. Anim. Health Prod., 2011: 13-16.doi:
10.1007/s11250-010-9679-y

Al-MajaliA.M., A.M., Talatha, A.Q., Ababneh, M.M., Ababneh, M.M.
“Seroprevalence and risk factors for bovine brucellosis in Jor-
dan.” Journal of Veterinary Science, 2009: 61-65.doi: 10.4142/
jvs.2009.10.1.61

Amin M.R.Siddiki, M. A., Kabir, A. K. M. A., Faruque, M. O. and Khan-
daker, Z. H. “Status of buffalo farmers and buffaloes at Subornocha-
rupozila of Noakhali district in Bangladesh.” Progressive Agriculture,
2015: 71-78.d0i:10.3329/pa.v2611.24519

Aulakh HK., Patil PK, Sharma S, Kumar H, Mahajan V, Sandhu KS.
A study on the epidemiology of bovine brucellosis in Punjab (India)
Using Milk-ELISA.” Acta Vet Brno, 2008: 393-399.doi:10.2754/
avb200877030393

Caporale V., Bonfini B., Di Giannatale et al., Di Provvido A., Forcella
S., Giovannini A., Tittarelli M. &Scacchia M. “Efficacy of Brucella
abortus vaccine strain RB51 compared to the reference vaccine Bru-
cella abortus strain 19 in water buffalo.” Vet. Ital, 2010: :13-19.

Coelho A., Ana Claudia, Juan GarciaDiezand Adosinda Maria Coelho.
“Risk Factors for Brucella spp. in Domestic and Wild Animals.”
Chap. 1 in Updates on Brucellosis, by Ana Claudia, Juan Garcia
Diez and Adosinda Maria Coelho Adesina et al, edited by Manal
Mohammad Baddour. Alexandria: Alexandria University, 2015.
doi:10.5772/61325

Cohen FB., Robins B, Lipstein W. “Isolation of Brucella abortus by per-
cutaneous liver biopsy.” N Engl J Med, 1957: 228 -230.doi: 10.1056/
nejm195708012570508

Corbel M.J. “Brucellosis: an overview.” Emerging Infectious Diseases,
1997:213-221.doi: 10.3201/eid0302.970219

De AlencarMotaA.L.A., Ferreira F., Ferreira Neto J.S., Dias R.A., Amaku
M., Hildebrand Grisi-Filho J.H. et al. 2016, ‘Large-scale study of
herd-level risk factors for bovine brucellosis in Brazil’, Acta Tropi-
cal64,(226-232).doi: 10.1016/j.actatropica.2016.09.016

Enright, EM. The pathogenesis and pathobiology of Brucella infection
in domestic animals. Florida: (K. Nielsen & R. Duncan, eds). CRC
Press, Boca Raton, 1990.

FeroE., Arla Juma, Anita Koni, JonidaBoci, Toni Kirandjiski, Robert Con-
nor, Gamal Wareth, XhelilKolecil. “The seroprevalence of brucello-
sis and molecular characterization of Brucella species circulating in
the beef cattle herds in Albania.” PLoS ONE, 2020.doi:10.1371/jour-
nal.pone.0229741. eCollection 2020

.Fosgate G.T., Adesiyun, A.A., Hird, D.W., Johnson, W.O., Hietala, S.K.,
Schrig, G.G., Ryan, J. “Comparison of serologic tests for detection

of Brucella infections in cattle and water buffalo (Bubalus bubalis).”
American Journal of Veterinary Research, 2002: 1598-1605.doi:
10.2460/ajvr.2002.63.1598

Foster G., Osterman BS, Godfroid J, Jacques I, Cloeckaert A. “Brucella
ceti sp. nov. and Brucella pinnipedialis sp. nov. for Brucella strains
with cetaceans and seals as their preferred hosts.” Int J Syst EvolMi-
crobio, 2007: 2688-2693.doi: 10.1099/ijs.0.65269-0

Godfroid J., Nielsen K, Saegerman C. “Diagnosis of brucellosis in
livestock and wildlife.” Croat Med J, 2010: 296-30.doi: 10.3325/
cmj.2010.51.296

Godfroid J., Saegerman C, Wellemans V, Walravens K, Letesson JJ, Tibor
A, McMillan A. “How to substantiate eradication of bovine brucel-
losis when specific serological reactions occur in the course of bru-
cellosis testing.” Vet Microbiol, 2002: 461-477.doi: 10.1016/s0378-
1135(02)00230-4

Godfroid J., Scholz HC Barbier T. “Brucellosis at the animal/ecosystem/
human interface at the beginning of the 21st century.” Prev Vet Med,
2011: 118-131.doi: 10.1016/j.prevetmed.2011.04.007

Hadjichristodoulou Ch., Papatheodorou Ch, Soteriades E. “Epidemiologi-
cal study of brucellosis in eight Greece villages using a computerized
mapping program.” European Journal of Epidemiology, 1999: 671-
680.doi: 10.1023/a:1007673318947

KansouzidouA., S. Mitka, BD. Danielides. Brucella species and biotypes
isolated from humans. Acta MicrobiologicaHellenica 1996, 41(6):
598-602

Kansouzidou, A. Ifantidou, S. Mitka, Ch. Charitidou, Th. Varnis, E.
Chaidouli. Change in biotype of Brucella strains that cause disease
in humans in Northern Greece. Acta MicrobiologicaHellenica 2002,
47(5): 385-391

KatsiaounisTh., “Contribution to the study of the epidemiology of brucel-
losis search of microorganism in ruminants’ milk.” Thessis, Aristotle
University of Thessaloniki, 1996.

Klietmann., WF, Ruoff KL. “Bioterrorism: implications for the clinical
microbiologist.” Clin Microbiol Rev, 2001: 364-81.doi: 10.1128/
CMR.14.2.364-381.2001

Konrad J.L., CamperoL.M., Caspe G.S., Brithuega B., Draghi G., Moore
D.P,, Crudeli G.A., Venturini M.C. &CamperoL.M. “Detection of
antibodies against Brucella abortus, Leptospira spp., and Apicom-
plexa protozoa in water buffaloes in the Northeast of Argentina.”
Trop. Anim. Health Prod., 2013: 1751-1756.doi: 10.1007/s11250-
013-0427-y

Ligda C. H. and Georgoudis, A. “ Adaptation of buffalo production sys-
tems towards the market demand for certified quality products.” Jour-
nal of Tekirdag Agricultural Faculty, 2005: 124-126.

Lytras T et al., Danis K, Dounias G. “Incidence patterns and occupational
risk factors of human brucellosisinGreece,2004-2015IntJOccup En-
viron Med, 2016:221-226.doi:10.15171/ijoem.2016.806

Mainar-Jaime Ratl C., Pilar M. Mufloz Maria J. de Miguel Maria J.
Grillo. “Specificity dependence between serological tests for diagnos-
ing bovine brucellosis in Brucella-free farms showing false positive
serological reactions due to Yersinia enterocolitica O:9.” Can Vet J,

J HELLENIC VET MED SOC 2022, 73 (3)
TIEKE 2022, 73 (3)



4606 A.PAPAPOSTOLOU, E.J. PETRIDOU, K. PAPAGEORGIOU, A. STOURNARA, A. BENOS, S.Q. LAFI, N.D. GIADINIS

2005: 913-916

ManturBG.,Amarnath SK Shinde RS. “Review of clinical and laboratory
features of human brucellosis.” Indian J Med Microbiol, 2007: 188-
202.doi: 10.4103/0255-0857.34758

MegersaB., Demelash Biffa, FekaduNiguse, TesfayeRufael, Kassahun As-
mare, and EysteinSkjerve. “Cattle brucellosis in traditional livestock
husbandry practice in Southern and Eastern Ethiopia, and its zoonotic
implication.” Acta Vet Scand., 2011: 24.

Minas A., Minas, M., Stournara, A. and Tselepidis, S. “The “effects” of
Rev-1 vaccination of sheep and goats on human brucellosis in Greece.”
Preven. Vet. Med, 2004: 41-47.doi:10.1016/j.prevetmed.2004.03.007

Mitka St., “Evaluation of the newest molecular techniques for the diagno-
sis of human brucellosis.” Ph.D. thesis., Aristotle University of Thes-
saloniki, Greece, Thessaloniki, 2005.

Muma JB., Samui KL, Oloya J, Munyeme M, Skjerve E. “Risk factors for
brucellosis in indigenous cattle reared in livestock-wildlife interface
areas of Zambia.” Preventive Veterinary Medicine., 2007: 306-317.
doi: 10.1016/j.prevetmed.2007.03.003

OIE, 2018. Manual of Diagnostic Tests and Vaccines for Terrestrial Ani-
mals. OfficeInternationaleDes Epizooties, Paris.

Pappas G.,Papadimitriou P, Akritidis N, Christou L, Tsianos EV. “The new
global map of human brucellosis.” Lancet Infect Disease, 2006: 91-9.
doi: 10.1016/S1473-3099(06)70382-6

PoesterF.P.,L.E. Samartino& R.L. Santos. “Pathogenesis and pathobiol-
ogy of brucellosis in livestock.” Rev. sci. tech. Off. int. Epiz., 2013:
105-115.doi: 10.20506/rst.32.1.2193

Rhyan Jack C., Sam D. Holland, Thomas Gidlewski, Dennis A. Saari,
Allen E. Jensen, Darla R. Ewalt, Steve G. Hennager, Steven C. Ol-
sen, Norman F. Cheville. “Seminal vesiculitis and orchitis caused by
Brucella abortus biovar 1 in young bison bulls from South Dakota.” J
Vet Diagn Invest, 1997: 368-374.doi: 10.1177/104063879700900405

Samui KL., Oloya J, Munyeme M, Skjerve E. “ Risk factors for bru-
cellosis in indigenous cattle reared in livestock-wildlife interface
areas of Zambia.” Prev. Vet Med, 2007: 306-317.doi: 10.1016/j.pre-
vetmed.2007.03.003

Scholz HC., Revilla-Fernandez S Al Dahouk S. “Brucella vulpis sp.

nov., isolated from mandibular lymph nodes of red foxes (Vulpes
vulpes).” Int J Syst Evol Microbiol, 2016: 2090-2098.doi: 10.1099/
ijsem.0.000998

Scholz HC.GollnerNockler K. “Brucella inopinata sp. nov., isolated from
a breast implant infection.” Int J Syst Evol Microbiol, 2010: 801-808.
doi: 10.1099/ijs.0.011148-0

Scholz HC.,Hubalek Z Sedlacek I. “Brucella microti sp. nov., isolated
from the common vole Microtus arvalis.” Int J Syst Evol. Microbio,
2008: 375-382.doi: 10.1099/ijs.0.65356-0

Silva J.B., Rangel C.P., Fonseca A.H., Morais E., VinhoteW.M., Lima
D.H.S., Silva N.S. & Barbosa J.D. “ Serological survey and risk fac-
tors for brucellosis in water buffaloes in the state of Para, Brazil.”
Trop. Anim. Health Prod., 2014b:385-389.doi: 10.1007/s11250-013-
0501-5

Soleral.,Lozano E, Martinez-Alfaro E, Espinosa A, Castillejos ML, Abad
L. “ Brucellar spondylitis: review of 35 cases and literature survey.”
Clin Infect Dis, 1999: 1440-49.doi: 10.1086/313524

Sossidou E. “Epizotiological study and model of sheep and goat brucel-
losisin Greece”Thessis, Aristotle University of Thessaloniki, 1993.

JergefaT., B. Kelay, M. Bekana, S. Teshale, H. Gustafson & H. Kindahl.
“Epidemiological study of bovine brucellosis in three agro-ecologi-
cal areas of central Oromiya, Ethiopia.” Rev. sci. tech. Off. int. Epiz,
2009: 933-943.doi: 10.20506/rst.28.3.1939

Tsegayea Y., Mosses Kyuleb, FikreLobago. “Seroprevalence and Risk
Factors of Bovine Brucellosis in Arsi Zone, Oromia Regional State,
Ethiopia.” American Scientific Research Journal for Engineering,
Technology, and Sciences (ASRJETS), 2016: pp 16-25.

Valergakis G., Arsenos G., Oikonomou G., “Biosecurity measures on cat-
tle farms”Journal of the Hellenic Veterinary Medical Society, 59(1),
9-22. doi:10.12681/jhvms.14943

Whatmore AM., Davison N, Cloeckaert A. “Brucella papionis sp. nov.,
isolated from baboons (Papio spp.).” Int J Syst Evol Microbiol, 2014:
4120-4128.doi: 10.1099/ijs.0.065482-0

Yantzis D., “Brucella eradication program: Course and considerations
serological and microbiological testsresults.” BulletinoftheHel-
lenicVeterinaryMedicalSociety, 1984.doi:10.12681/jhvms.21627

JHELLENIC VET MED SOC 2022, 73 (3)
TIEKE 2022, 73 (3)


http://www.tcpdf.org

