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Summary

The mastitis of dairy goats is a disease of economic importance worldwide and is mostly associated with
bacterial infections. The aim of this study was to isolate the bacteria causing subclinical mastitis, and determine
the susceptibility of some clinical isolates against several antimicrobial agents frequently used to control
bacterial subclinical mastitis in dairy goats in the Southern Marmara Region. A total of 68 Saanen goats
were used for this investigation and subclinical mastitis was determined by using California Mastitis Test.
As a result of bacteriological analysis of milk samples, 30 different bacteria species have been identified and
non-aureus staphylococci found to be the predominant bacteria species with the rate of 22.1%. The species
with the highest isolation rate among the isolates were Escherichia coli (18.9%), Staphylococcus aureus (15.7%),
Streptococcus agalactiae (14.2%) and Staphylococcus epidermidis (7.9%). The antimicrobial susceptibility
of the high isolation rate species including Escherichia coli, Staphylococcus aureus, Streptococcus agalactiae,
Staphylococcus epidermidis, Streptococcus uberis, Enterococcus faecalis, Staphylococcus haemolyticus and
Mannheimia haemolytica to twelve antibiotics were determined by disc diffusion method. Bacterial strains
analyzed showed highest sensitivity to ofloxacin (87.9%), followed by cefuroxime (85.8%) and cefazolin
(83.6%). In conclusion, subclinical mastitis still remains a problem in dairy goats, and for the elimination
of subclinical mastitis, besides protective measures, determination of the bacteria causing mastitis and their

antibiotic sensitivities should be a priority.
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Mastitis, which results in a number of unfavorable
health effects in the affected animals and leads to eco-
nomic losses in farms, is the most prevalent mammary
gland disease in goats (30), and it also has zoonotic
importance (15). There are two forms of mastitis; clini-
cal and subclinical (25). Subclinical mastitis (SCM) is
often characterized by intramammary infection without
clinical signs accompanied by an increase in somatic
cell count (27). Clinical methods are useless in diag-
nosing the inflammation of the udder in SCM (10).
Therefore, a broad spectrum of diagnostic techniques
both on the farm and in the laboratory are required in
SCM (25). Mastitis in goats is mainly subclinical, and
it was reported that SCM is 15-40 times more prevalent
than the clinical form (40). The prevalence of SCM

in dairy goats was reported to be within the range of
5-45% (10, 16).

SCM in goats was proved to be mainly of bacte-
rial origin (5). Staphylococcus aureus, Pseudomonas
aeruginosa, non-aureus staphylococci (NAS), Strepto-
coccus agalactiae and other environmental patho-
gens were found to be the most common and most
important bacterial species responsible for mastitis in
goats (19, 28). Staphylococcus aureus was reported
to be the cause of both acute and chronic mastitis that
responded poorly to treatment. NAS was also found
to be a major pathogen of SCM and clinical mastitis
(43). Antibiotics are used to treat SCM. However,
antimicrobial resistance in mastitis-causing pathogens
due to the long-term usage of antibiotics was reported
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in previous studies (1, 36). Moreover, an irrational or
incomplete treatment of infections was considered to
be among the reasons for an antibiotic resistance (29).
Due to delayed treatment and irrational usage of anti-
biotics, mastitis cases have been reported to become
complex (17).

The diagnosis of SCM is based on the presence of
inflammatory markers in the milk and microbiological
isolation of the causative agent (16). Early diagnosis
of SCM is vital because of changes taking place much
earlier than they become apparent (10). The disease is
usually undetectable, and so animals with SCM remain
untreated. Therefore, in order to avoid persistent udder
infection and the spread of the disease, early detection
of elevated somatic cell count is very important (41).
The scores of California mastitis test (CMT), which
is currently used in the diagnosis of SCM, are directly
related to the average somatic cell counts. A higher
CMT score is indicative of a higher somatic cell con-
centration (26). CMT has been found to be efficient
and reliable for diagnosis of SCM (7, 40). However,
it has been also reported that California milk cell test
and somatic cell counts on their own are not reliable
methods in the identification of subclinical mastitis in
the dairy goats and should be accompanied by micro-
biological tests (20). Although some other diagnostic
tests such as surf field mastitis test and white side test
were reported to be used in the diagnosis of SCM
besides CMT, laborious bacteriological culture is still
recommended to be a gold standard in the diagnosis
of SCM (21). The objectives of the present study were
to identify the major bacteria causing subclinical mas-
titis in dairy goats, assess SCM in lactating goats and
determine the antimicrobial susceptibility patterns of
the isolated bacteriae.

Material and methods

Study animals. This study was carried out in Southern
Marmara Region of Turkey. Two hundred and fifty appar-
ently healthy lactating Saanen goats were randomly selected
from 20 Saanen goat herds. Herd size was between 10 and
50. The herds were visited during morning hours and the
samples of milk taken from each half of the udder were col-
lected for CMT and bacteriological examination.

Milk sampling and California Mastitis Test. Milk
samples from each half were collected aseptically and tested
for SCM using CMT. The milk samples were transported to
bacteriology laboratory in cold chain and then immediately
cultured and/or stored at 4°C for a maximum of 24 h until
cultured on standard bacteriological media. This screening
test was conducted according to the standard procedure (34).

Culture and identification of bacteria. Each of the
milk samples taken was initially inoculated into Fluid
Thioglycollate Medium (BBL, 221196) and incubated at
37°C for 24 h. Following incubation, a loopful of incubated
sample was streaked on Blood agar plates (BBL, 297876)
and EMB agar plates (BBL, 221355), and again incubated
at 37°C for 24 h. The colonies were assessed according to
colony morphology and Gram color features. Identification
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of the isolates was performed using BBL Crystal (Becton-
Dickinson, Sparks, USA) Gram positive and Gram negative
ID system kits and its computer program.

Antimicrobial susceptibility test. ntimicrobial suscep-
tibility test was applied to those with a high isolation rate
among the isolated bacteria. A total of 89 isolates includ-
ing Staphylococcus aureus, Streptococcus agalactiae,
Mannheimia haemolytica, Escherichia coli, Enterococ-
cus faecalis, Staphylococcus epidermidis, Streptococcus
uberis and Staphylococcus haemolyticus were tested for
antimicrobial susceptibility using the disc diffusion method
according to the Clinical and Laboratory Standards Institute
(8). The following antibiotic discs were used; ampicillin
(10 pg), erythromycin (5 pg), enrofloxacin (5 pg), genta-
micin (10 pg), kanamycin (5 pg), amoxycillin + clavulanic
(30 pg), streptomycin (10 pg), trimethoprim/sulfamethoxa-
zole (1.25/23.75 pg), tetracycline (10 pg), ofloxacin (5 pg),
cefazolin (30 pg), cefuroxime (30 pg). (Oxoid, UK). Results
were characterized as susceptible (S), intermediate (I) or
resistant (R) to specific antibiotics.

Results and discussion

A total of 250 apparently healthy randomly selected
lactating Saanen goats from 20 Saanen goat herds were
subjected to CMT and bacteriological examination to
observe the prevalence of SCM and determine causative
bacteria. CMT scores of milk samples and the preva-
lence of microorganisms isolated from the samples with
single and mixed infection were presented in Table 1.
In this study, the prevalence of SCM was found to be
27.2% (68/250) animal-level prevalence according
to the CMT results. When our results were compared
with the other studies, Pirzada et al (33), Islam et al
(18), and Sarker and Samad (39) declared the rate of
38%, 36%, 49,9% positive results, respectively, which
are higher than the rate in our study. While the rate of
20.4% positive result determined by McDougall et al
(28) was found to be lower than our result, the rate of
27.2% in our study was found to be in line with the
ranges between 5% and 30% determined by Contreras
et al (10). Due to high sensitivity and specificity of
CMT, some authors have evaluated CMT as a rapid,
field-based test in the field (7, 40). It was reported that
the specificity and sensitivity of the CMT were found
to be 96% and 99%, respectively (7).

Bacteriological culture of milk is still the gold stan-
dard method for detecting contagious mastitis outbreaks
(14). In bacteriological analysis after CMT in this study,
monomicrobial and mixed infections were found to be
within the rate of 23.53% and 76.47%, respectively
(Tab. 1). The prevalence of all the microorganisms iso-
lated from the studied samples was shown in Figure 1.
E. coli, S. aureus, S. agalactiae, and S. epidermidis
were isolated with the rates of 18.9%, 15.7%, 14.2%
and 7.9%, respectively. Also, the most frequent isolated
bacteria were NAS with the rate of 22.1% in this study.
In general, NAS has been determined to be the prevalent
bacteria in the SCM (13, 24, 39). Sarker and Samad
(39) reported mono microbial infection with the rate of



260

Med. Weter. 2021, 77 (5), 258-263

Tab. 1. Results of CMT scores, and bacteriological isolation and identification

Sample CMT Results of bacteriology and identification Sample CMT Results of bacteriology and identification
No score No score
Staphylococcus haemolyticus, Escherichia coli, 34 ++ Escherichia coli, Staphylococcus chromogenes
1 A Staphylococcus aureus . i . .
35 + Acinetobacter genomospecies, Escherichia coli
Staphylococcus chromogenes, Escherichia coli, . . ..
2 P Staphylococcus aureus 36 ++ Streptococcus dysgalactiae, Acinetobacter Iwoffii
3 - Enterococcus faecium, Escherichia coli, 87 * Streptococcus agalactiae
Staphylococcus aureus 38 + Escherichia coli, Enterococcus faecalis
4 +++ Staphylococcus aureus 39 ++ Escherichia coli
5 ++ Streptococcus agalactiae 40 + Escherichia coli
6 ++ Escherichia coli, Streptococcus agalactiae 4 ++ Streptococcus agalactiae, Staphylococcus aureus
7 ++ Staphylococcus warneri, Streptococcus agalactiae 42 ++ Staphylococcus epidermidis, Streptococcus uberis
8 ++ Bacillus cereus, Staphylococcus epidermidis Staphylococcus xylosus, Bacillus pumilus,
3 ++ Escherichia coli
9 + Cedecea lapagei, Acinetobacter Iwoffii
10 - Staphylococcus haemolyticus 44 ++ Escherichia coli, Staphylococcus caseolyticus
1 ++ Streptococcus agalactiae, Enterococcus faecium 45 A Staphylococcus aureus
. 46 4+ Streptococcus agalactiae, Escherichia coli
12 ++ Streptococcus agalactiae
13 - Staphylococcus caprae, Bacillus pumilus, Bacillus 4 i Escherichia coli, Staphylococcus aureus
licheniformis 48 ++ Staphylococcus epidermidis, Streptococcus uberis
14 + Staphylococcus pasteuri 49 ++ Streptococcus agalactiae
15 ++ Bacillus cereus, Streptococcus agalactiae 50 ++ Streptococcus uberis, Staphylococcus aureus
16 + Enterococcus faecium 51 + Staphylococcus epidermidis
17 ++ Streptococcus agalactiae 52 + Staphylococcus epidermidis, Streptococcus uberis
18 + Bacillus licheniformis, Pseudomonas fluorescens 53 + Enterococcus faecalis, Staphylococcus epidermidis
19 4+ Enterococcus hirae, Staphylococcus aureus 54 ++ Staphylococcus epidermidis, Streptococcus uberis
20 ++ Streptococcus agalactiae, Staphylococcus caprae 55 ++ Staphylococcus caseolyticus, Proteus mirabilis
21 4+ Staphylococcus aureus, Staphylococcus epidermidis 56 ++ Staphylococcus caseolyticus
22 4+ Streptococcus agalactiae, Escherichia coli 57 ++ Streptococcus uberis, Staphylococcus epidermidis
23 ++ Streptococcus agalactiae, Staphylococcus aureus 58 ++ Staphylococcus aureus, Escherichia coli
24 ++ Escherichia coli, Enterococcus faecalis 59 4+ Staphylococcus aureus
25 . Streptococcus bovis I (Group D), Pseudomonas 60 ++ Mannheimia haemolytica, Escherichia coli
putida 61 +++ Staphylococcus aureus, Escherichia coli
26 ++ Staphylococcus haemolyticus, Enterococcus feacalis 62 - Enterococeus fasealis, Eschorichia coll
27 + Cedecea lapagei, Acinetobacter Iwoffii 6 " Staphylococcus aureus, Escherichia coli,
28 +++ Streptococcus agalactiae, Staphylococcus aureus Streptococcus agalactiae
29 ++ Escherichia coli, Enterococcus faecalis 64 e+ Streptococcus agalactiae, Staphylococcus aureus
30 " Escherichia coli, Enterococcus faecalis, 65 ++ Staphylococcus caseolyticus, Pseudomonas putida
SIS G IS 66 ++ Mannheimia haemolytica, Escherichia coli
31 +H+ Streptococcus agalactiae, Staphylococcus aureus 67 . Bacillus brevis, Staphylococcus intermedius
32 4+ Escherichia coli, Staphylococcus aureus . .
j 68 e Staphylococcus xylosus, Bacillus pumilus,
33 + Staphylococcus simulans Staphylococcus aureus

76.27% and mixed infection with the rate of 16.95%
in the infected milk samples. In a study conducted by
Bochev and Russenova (6), the isolation rates of NAS
and S. aureus, 80.2% and 19.8%, respectively, were
found to be higher than our isolation rates. Similarly,
Ez Kotb et al (11) reported high isolation rates of NAS
(30%) and S. aureus (25%) in their study. However, in
a study conducted in Algeria, the isolation rates of NAS
and S. aureus, 15.54% and 2.75%, respectively, were
lower than our results (7). In the studies conducted by

El Idrissi et al (12), Bergonier et al (4) and Contreras
et al (9), the isolation rates of NAS were found to be
42.9%, 30.3% and 60-90%, respectively. When those
rates were compared with the rates in our study, the
rate of NAS in our study was found to be low. Overall,
staphylococci mammary infection in goats was due to
the presence of these commensal germs of the mammary
integument (39). The higher prevalence of intramamma-
ry infection with S. aureus could be a cause of a public
health problem in food safety (37). In different studies,
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Bacteria

common environmental

Staphylococcus haemolyticus
Escherichia coli
Staphylococcus aureus
Staphylococcus chromogenes
Enterococcus faecium
Streptococcus agalactiae
Staphylococcus warneri
Bacillus cereus
Staphylococcus epidermidis
Cedecea lapagei
Acinetobacter Iwoffii
Staphylococcus caprae
Bacillus pumilus

Bacillus licheniformis
Staphylococcus pasteuri
Pseudomonas fluorescens
Enterococcus hirae
Enterococcus faecalis
Streptococcus bovis | (Group D)
Pseudomonas putida
Staphylococcus simulans
Acinetobacter genomospecies
Streptococcus dysgalactiae
Streptococcus uberis
Staphylococcus xylosus
Staphylococcus caseolyticus
Proteus mirabifis

Mannheimia haemolytica
Bacillus brevis
Staphylococcus intermedius

pathogens were deter-
mined to be S. uberis,
S. dysgalactiae, S. equi-
nus, S. bovis, E. coli,
Klebsiella spp., Citro-
bacter spp., Enterobac-
ter spp., Pseudomonas
spp., Serratia spp., and
Proteus spp. in the pre-
vious studies (34, 35).
The higher prevalence
of contagious and en-
vironmental pathogens
could be associated with
poor sanitation arising
from contamination
of waste products like
faeces and urine. If the
hygienic precautions
were not implemented,
quite a large number of
bacterial agents existing
in environment could be

0% 2% 4% 6% 8%

10%

arisk factor for mastitis

12% 14% 16% 18% 20%

Fig. 1. Relative shares microorganisms causing SCM in goats

variations were observed in the bacteriologic results of
SCM since the variation in breed of goats, husbandry
practice and agro climatic conditions affected the results
(23). Another common isolate in our study was found to
be E. coli, which is an environmental pathogen, as in the
studies conducted by Ameh and Tari (2), and Sree Priya
and Ayodhya (42). S. uberis (4.7%), S. dysgalactiae
(0.8%) and S. bovis (0.8%) were the other environmen-
tal pathogens isolated in our study. In a study conducted
by Kostelic et al (22), while S. aureus was reported to be
the common mastitic pathogen, Streptococcus D (6%),
Bacillus spp. (2%), and E. coli (2%) were declared to
be the environmental pathogens. Similarly, the most

(39).

Antibiotics are rou-
tinely used in the treatment of mastitis (3). However,
an increase in the incidence of mastitis was reported to
lead to an increase in unconscious and insufficient use
of antibiotics resulting in the risk of antibiotic resistance
(31). Therefore, accurate diagnosis and identification of
the etiological agents causing mastitis and the use of
effective antibiotics are necessary to determine treat-
ment strategies. The susceptibility of 12 antibiotics
against the mastitic pathogens isolated in this study was
examined and the results were displayed in Table 2.
S. aureus, S. agalactiae, E. coli and S. uberis were not
found to be 100% resistant to any of the tested antibi-
otics. The most prevalent bacteria in the study were

Tab. 2. Resistance patterns of bacteria isolated from milk of goats with SCM to 12 antibiotics

Percentage of resistance (%)
Bacteria Antibiotics

AMP E ENR CN K AMC S SXT TE OFX Kz CXM
Staphylococcus aureus (n: 20) 5 15 10 0 5 10 5 0 25 10 0 0
Streptococcus agalactiae (n: 18) 16.6 21.7 38.8 50 3388 61.1 88.8 21.7 66.6 0 0 0
Mannheimia haemolytica (n: 2) 0 100 0 50.0 50.0 0 50.0 0 50.0 0 0 0
Escherichia coli (n: 24) 12.5 25.0 16.6 8.3 66.6 0.0 79.2 8.3 29.2 8.3 20.8 8.3
Enterococcus faecalis (n: 6) 0.0 100 50.0 50.0 0.0 33.3 83.3 33.3 66.6 16.6 100 16.6
Staphylococcus epidermidis (n: 10) 100 40.0 10.0 50.0 0.0 10.0 30.0 80.0 40.0 10.0 10.0 20.0
Streptococcus uberis (n: 6) 83.3 66.6 33.3 66.6 66.6 33.3 33.3 83.3 16.6 33.3 0.0 50.0
Staphylococcus haemolyticus (n: 3) 100 66.6 0.0 0.0 33.3 0.0 33.3 0.0 66.6 33.3 0.0 33.3

Explanations: AMP — ampicillin, E — erythromycin, ENR — enrofloxacin, CN — gentamicin, K — kanamycin, AMC — amoxycillin
+ clavulanic, S — streptomycin, SXT — trimethoprim/sulfamethoxazole, TE — tetracycline, OFX — ofloxacin, KZ — cefazolin, CXM

— cefuroxime
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found to be E. coli, and it was determined to be 100%
sensitive to amoxycillin + clavulanic. Among the other
antibiotics, ofloxacin (87.9%), cefuroxime (85.8%),
cefazolin (83.6%), amoxycillin + clavulanic (81.5%),
enrofloxacin (80.1%), trimethoprim/sulfamethoxazole
(70.9%), gentamicin (65.6%), kanamycin (65%), am-
picillin (60.3%), tetracycline (54.9%), streptomycin
(49.6%) and erythromycin (44.8%) were found to be
effective against mastitis causing pathogens. When 89
isolates were assessed for the percentage of antibiotic
resistances against 12 antimicrobials, it was found that
the highest resistance rate belonged to erythromycin
with 55.2%. The resistance pattern of all the resistant
isolates to erythromycin might be attributed to the ex-
tensive and often injudicious use of erythromycin due to
its good distribution in the mammary gland in treating
mastitis (38). The higher sensitivity to ofloxacin, cefu-
roxime, cefazolin and amoxicillin + clavulanic in the
present study could be due to very rare usage of those
antibiotics in the treatment of mastitis. The sensitivity
pattern recorded in the present study was in close ac-
cordance with those of Pal et al (32), who recorded that
isolates were sensitive to amoxicillin and gentamicin
but resistant to streptomycin. Sensitivity patterns of
microbes are varied from region to region depending
on ecological reasons, seasonal variations, unidentical
microbial patterns, multiple drug resistance and area
specificity (42). For the purpose of improving the ef-
fectiveness of the drug, bacteria susceptibility against
the drug should be determined, and the results of the
usage of specific antibiotics should be monitored. The
data obtained are highly important, since the knowl-
edge of local resistance patterns is fundamental for the
design of effective treatment strategies. In conclusion,
this study contributes to the improvement of critical
decisions, correction of the wrong use of antibiotics,
and preservation of public health and dairy industry.
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