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SUMMARY Goat farming in many countries has significant economic importance. In recent years, there is a trend to goat
products. Milk quality is associated with somatic cell counts that can be affected intra-mammary infections.
The aim of this study is isolation and identification of causative bacterial, yeast and fungal mastitis agents in
goat mastitis and detection of antibiotic resistance in bacterial isolates. Totally 220 milk samples from 110
goats in 11 farms were studied for isolation and identification of the agents. And antibacterial resistance of
isolated microorganism were studied by disk diffusion method. Totally 30 strains isolated from samples and
identification, isolation was made from 28 (12.73%) of 220 milk samples. Among these 30 isolates, 15 (50%)
Coagulase Negative Staphylococci, 8 (26.67%) S. aureus, 5 (16.67%) S. uberis and 2 (6.67%) E. coli was
identified. Identification was confirmed by molecular analyses from the direct culture of isolates. The highest
resistance were found against to penicillin 21 (70%) and amoxicillin 19 (63.33%), and isolates highly
sensitive to gentamicin 30 (100%), enrofloxacin 28 (93.3%), oxytetracycline 28 (93.3%) and amoxicillin +
clavulanic acid 27 (90%). Periodical studies and constant monitoring of antibiotic resistance might be
beneficial for therapy and prevention strategies and useful management acquisition of antibiotic resistance.
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OZET Hatay Bolgesinde Kec¢i Mastitis Etkenlerinin ve Etkenlerin Antibiyotik
Direnglerinin Belirlenmesi

Birgok iilkede kegi yetistiriciligi belirli bir ekonomik éneme sahiptir. Son yillarda kegi iiriinlerine yonelik bir
egilim vardir. Stit kalitesi meme i¢i infeksiyonlar tarafindan etkilenen somatik hiicre sayisi ile iliskilidir. Bu
¢alismanin amaci, kegilerde mastitise neden olan bakteri, maya ve mantarlarin izolasyonu ve identifikasyonu
ve ayrica izole edilen bakterilerin antibiyotik duyarhliklarinin belirlenmesidir. Bu amagla, 11 farkh kegi
ciftliginde 110 keciden alinan toplam 220 siit 6rneginde etken izolasyonu ve identifikasyonu yapildi. Ayrica
izole edilen bakteriyel izolatlarin antibiyotik direncleri disk diffiizyon testi ile arastirildi. Calismada toplanan
220 adet siit drneginin 28 (%12.73)'inden 30 adet bakteri izole edildi. Bu 30 izolatin, 15 (%50)’i koagiilaz
negatif stafilokok, 8 (%26.67)'i S. aureus, 5 (%16.67)'i, S. uberis ve 2 (%6.67)’si de E. coli olarak identifiye
edildi. Identifikasyonlar, izolatlarin direkt kiiltiirlerinden yapilan molekiiler analizler ile teyit edildi. Bu
suslarda en yliksek antibiyotik direnci penisilin 21 (%70) ve amoksisilin 19 (%63.33)’e kars1 bulundu, buna
karsin izolatlarin 30 (%100)’u gentamisin’e, 28 (%93.3)'i enrofloksasin’e, 28 (%93.3)’i oksitetrasiklin’e ve 27
(%90)’si de amoksisilin + klavulanik asit’e duyarlh bulundu. Yapilacak periyodik calismalarla keci
mastitislerinden etkenlerin ve antibiyotik diren¢ durumlarinin belirlenmesi hastaligin tedavi ve
korunmasinda oldukga yararli veriler saglayabilecektir.

Anahtar Kelimeler: Antibiytik direnci, Kegi stitii, Mastitis

INTRODUCTION as goat’s milk and goat’s cheese, have become popular

) o o ) (Boyazoglu et al. 2005). There are about 500.000 goat
Goat farming has significant economic importance in many farms in Turkey, and goat farming contributes to the
countries. In recent years, there has been a trend toward incomes of 3.000.000 people (Dellal and Dellal 2005).
goat products. In recent times, goat-related products, such Recently, it was emphasized that the rapid decreasing in
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the goats presence in Turkey due to insufficient
macroeconomic  policies, although economic and
geographical conditions was very suitable for goat
breeding. And, it was suggested that supporting and
increasing of effective goat breeding (Gunlu and Alasahan
2010). The number of goats in Hatay province, while it was
reported as 57.568 in the 2002, it was reported 142.185 in
the 2014 year (Anon. 2016).

Milk quality is associated with somatic cell counts (SCCs),
which are used as a marker of milk quality payments in
many European Countries (Bergonier et al. 2003). Various
factors can affect the SCC of goat milk, the breed and age of
the animals, lactation stage, oestrus, milk production,
management conditions and intra-mammary infections
(mastitis) (Poutrel et al. 1997). Therefore, goat mastitis
has implications for the economy and public health
(Bergonier et al. 2003).

Staphylococcus spp., particularly Staphylococcus aureus,
are the most commonly reported bacteria in goat mastitis
(Bergonier et al. 2003). Many studies have reported that S.
aureus can cause gangrenous mastitis when Clostridium
spp. are also present (Islam et al. 2011). Besides
Staphyloccus spp., Streptococcus spp. (S. agalactiae, S.
uberis and S. dysgalactiae), Pasteurella (Manhaemia)
haemolytica, Corynebacterium pseudotuberculosis,
Mycoplasma spp. and rarely, Salmonella spp. and Listeria
spp. have been reported to cause mastitis (Bergonier et al.
2003).

Studies about goat mastitis are very rare in Turkey (Ciftci
et al. 1996; Aydin et al. 2009; Dogruer et al. 2010; Ilhan et
al. 2011). The detection of causative agents in goat mastitis
and their susceptibility to antibiotics can assist in both
goat health and public health by initiating treatment of the
disease or culling infected animals. The aim of this study
was to detect causative agents of mastitis and the
susceptibility of these agents to antibiotics in purebred
and half-bred Damascus goats in the Hatay region.

MATERIALS and METHODS

Sampling

Consist of purebred and half-bred Damascus goats farms
with an average 100-500 goats per farm were selected
prior to sampling in Hatay Region, Turkey. The sampled
farms were randomly selected from studied provinces.
Four provinces of Hatay were visited and milk samples
were collected from 4 farms in Yayladagi, 2 farms in Hassa,
1 farm in Reyhanli and 4 farms in Altinozu. Ten animals
were selected randomly and both udder halves sampled
without California Mastitis Test (CMT). Clinically infected
goats were not selected for sampling in this study. Goats
were sampled before the evening or morning milking.
Udder halves were cleaned and disinfected prior to
sampling with 70% alcohol and dried with sterile cotton.
The first 3 squirts of milk were discarded and
approximately 5-10 mL of milk samples was taken in
sterile tubes for microbiological examinations. Samples
were collected aseptically according to a standard
procedure (IDF, 1985) and transferred to the laboratory
within 1-3 h in a 4-8 °C cooler. Totally 220 milk samples
were collected.

Microbiological Culture

The milk samples were mixed and 100 pl of milk were
streaked onto Blood Agar and Edward’s Medium
(supplemented with 7% defibrinated sheep blood) and
Mac Conkey’s Lactose Agar and Sabouraud Dextrose Agar.
Bacteriological and mycological isolation and identification
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were performed by the classical culture method and
standard biochemical tests. For the bacterial identification,
after incubation for 24 and 48 hours at 37°C, colonies in
Blood Agar Plates were examined for colony
characteristics, morphology and haemolysis properties.
Sub-cultured pure colonies have (someone) undergo Gram
staining, catalase test and oxidase test. And other
biochemical tests; clumping factor, tube coagulase test,
thermostable nuclease test, mannitol fermentation, the
Christie-Atkins- Munch-Petersen (CAMP) reaction, esculin
hydrolysis on Edwards Medium, sodium hippurate
hydrolysis, nitrate reduction, gelatin hydrolyzation, urease
production, Oxidation-Fermentation, motility in semi-solid
medium, growing Mac Conkey Agar and Lactose
fermentation test, IMVIC tests were carried out to
identification of the isolates (Carter 1990; Quinn et al.
1994).

For the Mycoplasma spp. isolation, 1 ml of milk sample was
transferred to 9 ml of PPLO broth medium (supplemented
with horse sera, thallium acetate, and penicillin) and
incubated at 37°C for two weeks under microaerophilic
conditions. After the incubation, 100ul aliquots were
transferred from the PPLO broth medium to PPLO agar
(supplemented with horse sera, thallium acetate, and
penicillin) and incubated at 37°C for two weeks under
microaerophilic conditions according to Carter (1990) and
Quinn etal. (1994).

Antibiotic susceptibility test

For the antibiotic susceptibility test, colonies from the
Columbia blood agar medium were suspended in 2 ml of
sterile saline and density of these suspensions was
adjusted to McFarland Opacity Standard No; 0.5. The
bacterial suspensions were inoculated onto Mueller-
Hinton agar with the dry cotton swabs. The antibiotic
disks, containing the antibiotics were dispensed on the
surface of the medium and incubated aerobically at 37°C
for 18 h. Antimicrobial sensitivity was tested by the disk
diffusion method of Bauer et al. (1966) on Mueller Hinton
Agar (Oxoid) and performed according to Clinical and
Laboratory Standards Institute (CLSI, 2013). The following
antibacterial disks (Oxoid) were used: Penicillin G (10 pg,
P), Amoxicillin (10 pg, AML), Amoxicillin + Clavulanic acid
(30pg, AMC), Enrofloxacin (5pg, ENR), Gentamicin (10pg,
CN), Oxytetracycline (30 pg, T) and Erythromycin (15ug,
E). The results were recorded as resistant, intermediate or
susceptible by the measurement of the inhibition zone
diameter according to the interpretive standards of CLSI
(2013). S. aureus ATCC 25923 and S. epidermidis (ATCC
12228) were used as control strain for the antibiotic
susceptibility tests.

Molecular Diagnosis

PCR (Polymerase Chain Reaction) analyses were used for
confirmation  of  biochemical identification  of
microorganisms. For the PCR analyses, S. aureus (ATCC
25923) and S. epidermidis (ATCC 12228) from department
collection, and Mycoplasma bovis ATCC 25025 DNA (Dr.
Jessie Trujillo, IOWA State University of Science and
Technology, College of Veterinary Medicine, Department of
Veterinary Microbiology and Preventive Medicine) were
used as positive control DNA.

A loopful of bacterial cells from pure subculture of isolates
was suspended in 1 ml of sterile PBS (Phosphate-Buffered
Saline, pH 7.4) and centrifuged at 5,000 x g for 5 min. The
pellets were then resuspended in 300 pl of TE buffer (10
mM Tris-HCl pH 7.5, 1 mM EDTA) and a nucleic acid
extraction was implemented according to the method of
Sambrook and Russell (2001). The properties of the
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primers are shown in Table 1.The simplex PCR protocols
and procedures were carried out according to their
references. After amplification, ten microliters of each
amplification reaction mixture was analysed by

Tablel. Properties of primers used in the study

electrophoresis performed with a 1.5% (wt/vol) agarose
gel stained with ethidium bromide (0.7 pg/ml). After
migration with 160 volts for 30 minute, amplification
products were visualized under ultraviolet light.

Agent (Target Gene) Primer Name

Primer Sequences

Reference

Staph294-318

Staphylococcus spp. (16s rRNA
4 pp. ( ) Staph1522-1540

5'-GCCGGTGGAGTAACCTTTTAGGAGC-3'
5'-AGGAGGTGATCCAACCGCA-3’

Cantekin et al. 2013

Coal 5’- GCTTCTCAATATGGTCCGAG-3’

S. aureus (Coa gene) Cantekin etal. 2013
Coal 5- CTTGTTGAATCTTGGTCTCGC-3’
Eco 2083 5’-GCTTGACACTGAACATTGAG-3’

E. coli (23S r RNA)

Riffon et al. 2001

Eco 2745 5’-GCACTTATCTCTTCCGCATT-3’
Sag 40 5-CGCTGAGGTTTGGTGTTTACA-3’

S. agalactiae (16S rRNA gene) Riffon etal. 2001
Sag 445 5’-CACTCCTACCAACGTTCTTC-3’
Sdy 105 5’-AAAGGTGCAACTGCATCACTA-3’

S. dysgalactiae (16S rRNA gene) Riffon et al. 2001
Sdy 386 5’-GTCACATGGTGGATTTTCCA-3’

) Spa 301 5’-GCGACGTGGGATCAAATACT-3’ )

S. parauberis (23S rRNA gene) Riffon et al. 2001
Spa 1219 5’-TACCATTACCTCTAAAGGTA-3’
Sub 302 5’-CGAAGTGGGACATAAAGTTA-3’

S. uberis (23S rRNA gene) Riffon et al. 2001
Sub 396 5’-CTGCTAGGGCTAAAGTCAAT-3’

M. bovis (membrane lipoprotein Mb 1113-1133

5'-TATTGGATCAACTGCTGGAT-3'

Foddai et al. 2005

P81 gene) Mb 1542-1560 5'-AGATGCTCCACTTATCTTAG-3’
Plo1 5'-GGCCCGAATGTCACCGC-3’

T. pyogenes (Plo gene) Billington et al. 2002
Plo2 5'-AACTCCGCCTCTAGCGC-3'
Cab1l 5’-TATTAAAGTTGTTGCAG-3’

Candida spp. (rRNA gene) Niesters et al. 1993
Cab2 5’-CCTGCTTTGAACACTCTAATTT-3’

RESULTS

Bacterial isolates were obtained from 28 (12.73%) of the
220 milk samples. In two samples (Sample No. 23 and 25)
obtained from goats in the Yayladagi region, mixed culture
were isolated. Thirty strains were isolated from these
samples. Among these 30 isolates, 15 (50%) coagulase-
negative Staphylococci (CNS), 8 (26.67%) S. aureus, 5
(16.67%) S. uberis and 2 (6.67%) Escherichia coli were
identified. No yeast, fungi or Mycoplasma spp. was isolated
from the samples. The identifications of isolates were
confirmed by PCR from direct culture of these
microorganisms. The highest resistance was found against
penicillin and amoxicillin, with 21 (70%) and 19 (63.33%)
isolates resistant, respectively. The isolates were also
highly sensitive to gentamicin (n=30, 100%), enrofloxacin
(n=28, 93.3%), oxytetracycline (n=28, 93.3%) and
amoxicillin + clavulanic acid (n=27, 90%). The results of
identification and antibiotic susceptibility of each strain
are shown in Table 2.

DISCUSSION

In this Study, bacterial isolates were obtained from 28
(12.73%) of the 220 milk samples. Among these 30
isolates, 15 (50%) were CNS, 8 (26.67%) were S. aureus, 5
(16.67%) were S. uberis and 2 (6.67%) were E. coli. Among
the isolated organisms in this study, CNS were the most
prevalent microorganism. Similarly, White and Hinckley
(1999) reported that the most prevalent agents in goat

mastitis were non-haemolytic Staphylococcus spp. (n=406,
38.2%), S. aureus (n=117, 11.0%), Streptococcus spp. other
than S. agalactiae (n=43, 4.1%), E. coli (n=17, 1.6%) and
Pseudomonas spp. (n=13, 1.2%). Aydin et al. (2009)
detected pathogens in 60 samples and a prevalence of sub-
clinical mastitis of 8.6% in 700 milk samples obtained
from clinically healthy udder halves. They reported that
CNS were the predominant organisms isolated (50%),
followed by Streptococcus sp. (15%), S. aureus (11.7%) and
other pathogens (23.3%). Ilhan et al. (2011) used classical
bacteriological culture methods in a study of milk samples
obtained from 148 goats. The bacteriological cultures were
positive in 69 (46.6%) of the 148 samples. The bacterial
strains isolated from the milk samples were 42 (60.8%)
CNS, 11 (15.9%) Staphylococcus aureus, 11 (15.9%) E. coli,
2 (2.9%) Corynebacterium spp. 1 (1.4%) Streptococcus
spp, 1 (1.4%) C. pseudotuberculosis and 1 (1.4%)
Aeromonas sp. They concluded that CNS was the most
frequently isolated bacterium in goat milk from animals
with sub-clinical mastitis. Islam et al. (2011) also found
that CNS were the most prevalent microorganisms in goat
mastitis (n=52, 57.78%), followed by S. aureus (n=4,
4.44%), Streptococcus sp. (n=4, 4.44%), Bacillus sp., (n=3,
3.33%), E. coli (n=5, 5.55%) and unidentified Gram-
negative bacteria (n=14, 15.55%). On the other hand, some
studies (Ciftci et al. 1996; Isnel and Kirkan 2012, Najeeb et
al. 2013) found coagulase-positive Staphylococci were the
most prevalent microorganisms. Ciftci et al. (1996)
reported a sub-clinical mastitis prevalence of 9% (45 milk
samples) in 500 goats. In their study, coagulase-positive
Staphylococci  (38.2%) were the most prevalent
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microorganisms, followed by CNS (11.8%),
Corynebactertum spp. (23.5%), E. coli (14.7%), yeast
(5.9%) and Flavobacterium spp. (5.9%). Isnel and Kirkan
(2012) isolated 102 (67.1%) microorganisms from 152
milk samples from hair goats. In their study, S. aureus
(n=71, 69.6%) was the most common isolate, followed by
S. epidermidis (n=8, 7.8%), S. intermedius (n=5, 4.9%), S.
hyicus (n=6, 5.9%), Corynebacterium sp. (n=3, 2.9%),
Klebsiella pneumoniae (n=4, 3.9%), Pseudomonas sp. (n=2,
2.0%), E. coli (n=2, 2.0%) and Mannheimia haemolytica
(n=1, 1.0%). Ali et al. (2010) found that prevalence of
subclinical mastitis was 71 (13%) in the 543 goats. And,
they reported that among the isolated microorganism, S.
aureus was the most common microorganism (45.34%),
followed by Streptococcus spp. (22.74%), E. coli (11.55%)
and Klebsiella spp. (3.65%). Najeeb et al. (2013) reported
bacterial growth in 90 of 200 milk samples (45%) and

identified 146 strains in positive milk samples. Among
these strains, the prevalence of S. aureus (61.64%) was the
highest, followed by E. coli (10.96%), Streptococcus spp.
(9.59%), Pseudomonas spp., Bacillus spp. (6.85%) and
Corynebacterium spp. (4.11%). In another study conducted
in Hatay, Dogruer et al. (2013) reported bacterial growth
in 41.4% of 200 CMT-positive milk samples from 505
goats. Among these strains, the most common
microorganisms were CNS (51.1%), followed by coagulase-
positive Staphylococci (20.4%), Streptococcus spp. (8%),
Bacillus spp. (5.7%), E. coli (4.5%), Corynebacterium spp.
(3.4%), Pseudomonas spp. (2.3%) and Acinetobacter spp.
(2.3%). These differences might be because of milking
hygiene (hygiene of parlour and the milker’s hand),
bedding material, climatic differences and the usage or not
of post-milking teat dipping.

Table 2. Identification and antibiotic susceptibility of each isolated strain.

Samples Origin  Identifications Results of Antibiogram
YAYLA DAGI ENR AMC P AML E CN oT
3 G1 S. uberis S S R R S S S
18 G2 CNS S S S S S S S
22 G3 S. aureus S S S S S S S
23 G4 S. aureus S S R R R S S
23 G5 S. uberis S S R R S S S
25 G6 CNS S S R R R S S
25 G7 S. uberis S S R R R S S
26 G8 CNS S S R R S S S
27 G9 S. aureus S S S S S S S
28 G10 CNS S S S R S S S
31 G11 CNS R S R R R S S
64 G12 CNS S S S S S S S
70 G13 S. aureus S R R R S S S
HASSA
2 G14 CNS S S S S S S S
10 G15 CNS R S S S S S S
37 Gl6 CNS S S R S S S S
38 G17 S. aureus S S R R S S S
39 G18 S. aureus S S S S S S S
REYHANLI
14 G19 CNS S S R R R S S
15 G20 S. uberis S S R R S
20 G21 S. aureus S S R R R S S
ALTINOZU
2 G22 S. uberis S S R R S S S
11 G23 S. aureus S S R S S S S
35 G24 CNS S S R R S S S
37 G25 CNS S S R R S S S
40 G26 CNS S S R S S S S
50 G27 CNS S S R R S S S
54 G28 E. coli S R R R R S I
57 G29 E. coli S R R R R S I
80 G30 CNS S S S S S S S
Resistant (%) 2 (6.67) 3(10) 21(70) 19(63.33) 8(26.67) - -
Intermediate (%) - - - - - - 2 (6.67)
Sensitive (%) 28 (93.3) 27(90) 9(30) 11(36.67) 22(73.33) 30(100) 28(93.3)
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In this study, the highest antibiotic resistance was found
against penicillin (n=21, 70%) and amoxicillin (n=19,
63.33%). The isolates were also highly sensitive to
gentamicin (n=30, 100%), enrofloxacin (n=28, 93.3%),
oxytetracycline (n=28, 93.3%) and amoxicillin plus
clavulanic acid (n=27, 90%). Ali et al. (2010) reported
similar results. In their study, the isolated strains were
sensitive to gentamicin (96.15%), with the greatest
resistance found against penicillin G (42.13%). Aydin et al.
(2009) reported that most strains that were resistant to
penicillin  were also sensitive to gentamicin and
enrofloxacin. Dogruer et al. (2013) reported that
application of intramammarian ampicillin dicloxacillin
with intramuscular amoxycillin clavulanic acid in goats
with subclinical mastitis was very effective for therapy.
Isnel and Kirkan (2012) found that isolates were
susceptible to amoxicillin plus clavulanic acid (100%) and
resistant to penicillin (100%). Najeeb et al. (2013)
recorded the highest resistance against penicillin
(58.69%). In their study, most strains were also sensitive
(83.33%) to amoxicillin plus clavulanic acid. Dogruer et al.
(2013) reported that isolates were resistant to penicillin
(77.7%), oxytetracycline (53.3%), gentamicin (53.3%),
amoxicillin =~ (51.1%), trimethoprim-sulfamethoxazole
(33.3%), enrofloxacin (17.7%), amoxicillin plus clavulanic
acid (11.1%), kanamycin-cefuroxime (0.06%) and
cephalothin (0%).

CONCLUSION

In conclusion, this study identified goat mastitis agents in
Hatay and investigated their antibacterial resistance.
Staphylococci, especially CNS, were the most prevalent
microorganisms in goat mastitis. These can be harmful to
goat milk production by causing sub-clinical mastitis. The
high prevalence of penicillin resistance in mastitis isolates
is well known. The acquisition and spread of beta-
lactamase activity among microorganisms is very easy and
rapid. The use of penicillin containing the beta-lactamase
inhibitor, such as clavulanic acid, can help to combat beta-
lactamase activity. The use of beta-lactamase-inhibitor
with penicillin can also be a useful strategy. High
sensitivity to tetracycline in this study may be due to more
less using this antibiotic in goat mastitis treatment.
Periodical studies and constant monitoring of antibiotic
resistance might be beneficial for treatment and
prevention strategies and used to manage the acquisition
of antibiotic resistance.
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