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Abstract

The aim of the presented research is to determine the antibiotic sensitivity and resistance of the
microorganisms causing subclinical mastitis in dairy sheep. To achieve this, 120 milk samples from
4 farms located in 3 regions of the country were obtained and examined. The results showed that
the isolates from the different farms were sensitive to Ciprofloxacin and Enrofloxacin, as well as to
the combination Sulfamethoxazole+Trimethoprim. Resistance was found most often to Kanamycin,
Colistin and antibiotics from the penicillin group.
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AbcTpaKT

LenTa Ha MPOBEICHOTO U3CJe/IBaHEe O€ YCTAaHOBSIBAHE HA UyBCTBUTEIHOCTTA U PE3UCTEHTHOCTTA
Ha MUKPOOPIaHU3MUTE, MPUYMHUTENHN HA CYOKIMHUYHU MacTUTH MPU MJIEYHHU MOPOAU OBIE, KbM
AQHTUOMOTHIIN OT PA3JIUYHU I'PyIH. 32 OCBILECTBABAHETO I OsiXa MOTyuYeHH U uzcnenanu 120 miued-
HU poOu oT 4 depMHu, pas3IoIOKEHH B 3 pernoHa Ha cTpaHara. Pesynrarure mokasaxa, ue H30J1aTh-
Te oT pa3nuuauTte hepmu ca auyBctBuTenHU KbM Ciprofloxacin u Enrofloxacin, kakTo u KbM KOMOH-
HauusTa Sulfamethoxazole+Trimethoprim. Pe3uctenTHOCT ce ycTaHOBM Hali-uecTo kbM Kanamycin,
Colistin 1 aHTUOMOTHITN OT TPyIaTa Ha MCHUITUITUHUTE.

Knwouoseu oymu: anTHOMOTUYHA, YYBCTBUTEITHOCT, OBIIE, CYOKJIMHUYEH, MACTUT

Introduction farming. Worldwide, the authors estimate the

prevalence of this disease between 9% and 66%

Because of its high prevalence, subclinical  (Leitner et al., 2007; Vasileiou et al., 2018; Knuth
mastitis causes significant losses to dairy sheep et al., 2022). The widespread and in some cases
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incorrect use of antibiotics to treat mastitis and
various other diseases in sheep leads to the de-
velopment of resistance of microorganisms to
antibacterial drugs. In recent years, strains of
antibiotic-resistant microorganisms have been
recognized as an emerging threat to public health
(Ventola, 2015). This resistance is a major rea-
son for the unsatisfactory results observed in the
treatment of subclinical mastitis in this animal
species.

Studies have shown that most often the bac-
teria causing subclinical mastitis show sensitiv-
ity to Doxycycline, Levofloxacin, Ciprofloxacin,
Vancomycin and Sulfamethoxazole-Trimethop-
rim (Abed et al., 2022). From the research carried
out, it is known that the most frequently isolated
causative agents of this disease are resistant to
penicillin antibiotics (Ebrahimi et al., 2007; Azzi
et al., 2020; Vezina et al., 2022). In recent years,
there has also been an increasing resistance of
pathogens to second-generation cephalosporins
(Abed et al., 2022; Vezina et al., 2022). A detailed
study of the antibiotic sensitivity of the microor-
ganisms causing this disease would help to re-
duce the losses and its successful treatment.

Material and methods

Studied animals

In order to determine the antibiotic sensitivity
of pathogenic microorganisms, we collected and
processed milk samples from four farms — farm
A, B, C and D. Before sampling, all animals un-
derwent a clinical examination, after which 120
milk samples were obtained from ewes without
clinical signs of mastitis. All immunoprophylac-
tic and antiparasitic measures were carried out in
the farms according to the normative veterinary
medical requirements and the specific health sta-
tus of the animals. The farms were of different
sizes and farming methods. In Farm A, sheep
of the Tsigai breed were bred. The farming sys-
tem was semi-intensive. On farm B, the animals
bred were of the Asaf breed. The farm system
was intensive. In the third studied farm (C), the
sheep bred were of the Bulgarian dairy synthetic
population, raised semi-intensively. The animals

from farm D were of the Lacon breed, the breed-
ing was intensive. The age of the examined ani-
mals from all farms was between 3 and 5 years,
and the lactation period was between 8 and 10
weeks.

Sample collection

The milk samples were obtained aseptically
from all 120 udder halves. Before the sampling,
the mammary gland and papillae were cleaned
of contaminants, followed by dipping of the pa-
pillae with 70° alcohol. From each half, after re-
moval of the first jets of milk, we took double
samples in sterile 10 ml test tubes for microbi-
ological examination. The milk samples were
stored and transported to the laboratories in a
cooler at a temperature of 4 °C, and the exami-
nation of the same was carried out up to 4 hours
after their collection.

Microbiological analysis of the samples

To isolate and identify the microorganisms
causing subclinical mastitis, cultures were made
from the milk samples on selective and elective
nutrient media - Colorex Chromogenic Orienta-
tion Candida agar (HiMeida Laboratories Pvt.
Ltd. Mumbai India), Columbia blood agar, also
agars of Chapman, Endo, Eosin methylene blue
and Mueller - Hinton. The results were reported
after incubation under aerobic conditions at 37
°C for 4872 hours.

In order to perform the taxonomic identifica-
tion of the isolated microorganisms, we used a
microscopic examination by staining according
to the classical methods of Gram, Pfeiffer, Klet
and Moeller. Taxonomic identification of all iso-
lates was performed by conventional methods
according to the Bergey’s Manual of Determina-
tive Bacteriology (Guerrero, 2001). The determi-
nation of the cultural and hemolytic properties
was perform on solid and liquid media. The bio-
chemical characterisation of the pathogens was
made by using Polymicrotest (National Centre
for Infectious and Parasitic Diseases, Sofia, Bul-
garia) and STAPH Ytest 24 (Erba Mannheim).

Antimicrobial agents and determination of
isolates sensitivity
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The determination of the antibiotic sensitivity
of the isolated microorganisms was performed
according to the classical agar-gel diffusion meth-
od of Bauer et al. (1966). Standard disks for an-
tibioticograms (Bul-Bio - Sofia) were used, well
as prepared by us, after inoculation of bacterial
suspensions in exponential growth phase with a
concentration of 2.106 cells/ml, determined by
the Mac Farland optical standard, on blood agar
(Bul-Bio - Sofia) or Mueller - Hinton agar (An-
tisel - Sharlau Chemie S. A., Spain). Cultivation
was performed at 37 °C for 24 hours. The results
were interpreted according to the three-step sys-
tem of Bauer et al. (1966) after measuring the
diameters of the inhibitor zones in millimeters.

Results and discussion

The sensitivity of the microorganisms isolat-
ed from farm A to antimicrobial agents in vitro

is presented in Table 1. In this farm S. aureus
ssp. aureus, S. epidermidis and Enterococcus
sp. were identify as the causative agent of sub-
clinical mastitis. The microorganisms showed
significant sensitivity to Chloramphenicol,
Tetracycline, Enrofloxacin, Ciprofloxacin and
Sulfamethoxazole+Trimethoprim.  Resistance
was found to Kanamycin, Oxacillin, Ampicillin,
Gentamicin and some penicillin antibiotics. This
resistance is most likely due to the widespread
use of these antibiotics in veterinary practice.
Our results support the study of Ebrahimi et al.
(2007) who found similar resistance in S. aureus
ssp. aureus to antibiotics. Lollai et al. (2008) also
found that Ampicillin was ineffective in 2—-12%
of bacterial isolates from sheep with subclinical
mastitis.

Results showing the sensitivity of the
bacteria isolated from the milk samples ob-
tained from farm B to antimicrobial agents
in vitro are presented in Table 2. The sensi-

Table 1. Sensitivity of the isolated bacteria from farm A to antimicrobial agents in vitro
Tadauuna 1. YyBCTBUTETHOCT Ha U30JUPAHUTE OakTepun OT hpepmMa A KbM aHTHMHUKPOOHH CPEJCTBA i

vitro

Inhibitory zones in mm and strain sensitivity

Antimicrobial agent Disc concentration (ug/

disc) S. aure

s ssp. aureus S. epidermidis Enterococcus sp

Chloramphemicol 30 ug 22.2+1.33(S) 285+75(S) 30+£0.5(S)
Tetracycline 30 g 26.8+2.78(S) 325+9.5(9) 40+1.5(S)
Clindamycin 10 ug 216 +1.85(S) 30+13(S) 29+25(9)
Penicillin 10 g 234+11.7(R) 25+ 17 (R) 40+2.0(S)
Oxacillin 1 ug 122+3.18 (R) 24.5+16.5(S) 18+25(S)
Ampicillin 30 g 222+124(R) 26 +15 (1) 40+ 3.0 (S)
Amoxycillin 10 g 22.6+13.7(S) 14+ 8 (R) 42+4(R)

Cefuroxim 30 ug 16.2+8.1 () 26 + 17 (S) 41+35(9)
Ceftriaxone 30 g 17.2+3.9()) 285+13.5(S) 41+3.0(S)
Novobiocin 30 pg 23.6 +2.87(S) 31.5+135(S) 8+15(S)

Gentamicin 10 ug 144 +3.8(9) 24 +14(S) 31+4(R)

Kanamycin 5ug 94+16(R) 17+7(S) 19+2.0(S)
Enrofloxacin 5ug 31+1.8(S) 37.5+75(S) 38+3(S)

Ciprofloxacin 5ug 28.8+1.3(S) 35+7(S) 40+5.0(S)
.?r‘fr';ae’;:%tgﬁ’%am'e““ 23.7511.25 g 256+72(S) 32+10(5) 42+70(S)

S (sensitive); I (intermediate); R (vesistant)
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tivity of the isolated microorganisms from
this study was most significant to Gen-
tamicin, Enrofloxacin, Ciprofloxacin and
Sulfamethoxazole+Trimethoprim. Resistance
of the microorganisms from the second farm
(farm B) was established to Doxycycline, Ka-
namycin and Colistin, as well as to some of
the penicillin and cephalosporin antibiotics.
In the milk samples from this farm, we also
isolated pathogens intermediate sensitive to
Ceftriaxone, a representative of the third gen-
eration cephalosporins. Most published works
report resistance to second-generation repre-
sentatives (Azzi et al., 2020; Katsarou et al.,
2021; Abed et al., 2022). This result is unfa-
vorable regarding the future use and efficacy
of antibiotics of this group. The results show
that S. epidermidis shows the lowest sensitiv-
ity to the tested antibiotics (to 6/15), while Str.
sanguinis shows the highest one (at 10/15).

The sensitivity of the isolated bacteria of
all established species to antimicrobial agents
from the third investigated farm (C) in vitro is
presented in Table 3. All the microorganisms
were sensitive to Tetracycline, Clindamycine,
Ampiciline, Enrofloxacin, Ciprofloxacin and
Sulfamethoxazole+Trimethoprim. The iso-
lates showed the most significant resistance
to Novobiocin and Kanamycin. Most of the
pathogens are also resistant to Penicillin and
Amoxycillin. Intermediate sensitivity was
found to Chloramphemicol, Cefuroxim and
Ceftriaxone, which is in line with the results
of previous farms. From the studies carried
out on the resistance of the pathogens isolated
from this farm, we came to the conclusion that
the most serious resistance to antibiotic prepa-
rations was shown by S. xylosus and Staphylo-
coccus hyicus, followed by S. epidermidis and
S. chromogenes.

Table 2. Sensitivity of the isolated bacteria from farm B to antimicrobial agents in vitro
Tadoauua 2. UyBCTBUTEIHOCT Ha U30JIUpaHUTEe OakTepuu oT (hepma B kbM aHTUMHKPOOHU CPENICTBA in

Vitro

Disc Inhibitory zones in mm and strain sensitivity
Antimicrobial agent E:Sgn/((:j?:é)ratlon Bacillus spp. Zi%ﬁ?facgg;s S. chromogenes S. epidermidis  Str. sanguinis
Doxycycline 30 ug 103+32((R) 31+35(S) 105+28(R) 334+42(S) M5+14(R)
Penicillin 10u 13+4.7(R) 384+72(S) 27+31(R) 9+3.7(R) 38+3.2(S)
Oxacillin 1ug 96+ 1.7 (R) 126+3.8()) 124 £2.7 (1) 74+24(R) 15+£1.5(S)
Ampicillin 30 ug 12£1.7()) 36.1+52(S) 301+46(S) 71+14(R) 355+25(S)
Amoxycillin 10 g 274+£58() 349+65(S) 147x57(R) 151+29(R) 324+28(S)
Amoxycillin/Clav 10 g 28+4.7(S) 28+3.9(S) 20£7.3(1) 133144 ((R) 32+£35(S)
Cefotaxime 30 ug 258+43(S) 72x15(R) 158+£3.1(S) 102x21(R) M1M5x24(R)
Ceftriaxone 30 ug 283+72(S) 20+1.9() 2712+27(S) 301+£35(S) 208+28(l)
Novobiocin 30 ug 305+£25(S) 176+29(R) 312+31(S) 204+19() 343116 ()
Gentamicin 10 ug 20+3.1(S) 209+£1.7(S) 20+23(S) 244+15(S) 243+21(S)
Kanamycin 5 g 8.7+14(R) 13+24(R) 13.1+£1.9()) 10.1+£09(R) 16x1()
Colistin 10 g 14.2+0.7 (1) 6+0.5(R) 8.1+1.3(R) 143+£32() 8x15(R)
Enrofloxacin 5 ug 279+31(S) 381+39(S) 284+37(S) 32x27(S) 314+£33(S)
Ciprofloxacin 5 ug 292+28(S) 258+£3.7(S) 249+29(S) 331+£16(S) 294+27(S)
?ﬁmﬁgﬁﬁzo'e* 237512509 213+22(S) 324+38(S) 274+31(5) 305+35(S) 285+25(S)

S (sensitive); I (intermediate); R (resistant)
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Table 3. Sensitivity of the isolated bacteria from farm C to antimicrobial agents in vitro
Ta6auna 3. UyBcTBUTETHOCT HA u3onupanuTe bakrepuu oT pepma C KbM aHTUMUKPOOHHU CPEICTBA in

Vitro
- Disc concentration Inhibitory zones in mm and strain sensitivity
Antimicrobial agent (ug/disc) S. xylosus S. epidermidis S. chromogenes ﬁtqphylococcus
yicus
Chloramphemicol 30 pg 15.7 +5.05 (1) 14.2+4.5()) 30 (S) 12 (R)
Tetracycline 30 g 26.8+2.78 (S) 325+95(S) 40 (S) 24.2(S)
Clindamycin 10 ug 216+ 1.85(S) 30+ 13(S) 29(S) 234 (S)
Penicillin 10u 234+ 117 (R) 25+ 17 (R) 40 (S) 15.3 (R)
Oxacillin 1 1g 12.2 £ 318 (1) 24.5+16.5(S) 18 (S) 21.2(S)
Ampicillin 30 g 222+124(S) 26 +15(S) 40 (S) 18.2(S)
Amoxycillin 10 pg 22.6+13.7 (S) 14+ 8 (R) 11 (R) 15.7 (R)
Cefuroxim 30 ug 16.2+ 8.1 (1) 26 + 17 (S) 41(S) 15.4 (1)
Ceftriaxone 30 ug 172+3.9() 28.5+13.5(S) 41(S) 16.2 ()
Novobiocin 30 g 14.6 £3.27 (R) 135+ 15 (R) 13.2(R) 10 (R)
Gentamicin 10 g 254+3.8(S) 27+51(9) 314 (S) 24.3 (S)
Kanamycin 5ug 94+16(R) 17 +7() 18 (1) 13 (R)
Enrofloxacin 5 ug 32+28(9) 36.5+2.5(S) 35(9) 32 (S)
Ciprofloxacin 5 ug 345+23(S) 33+23(9) 31.8(S) 32.2(S)
.?r‘fr';ae’::%tgﬁ’r;am'e““ 23.75/1.25 g 406+52(5)  22+43(S) 20 (S) 17(8)

S (sensitive); I (intermediate); R (vesistant)

Table 4 presents the results of the fourth inves-
tigated farm. The performed antibioticograms of
the microorganisms from this farm showed the
highest resistance of the isolated pathogens to an-
tibiotics from different groups. From this study,
the resistance of a number of bacteria to the
Sulfamethoxazole+Trimethoprim combination,
which showed high efficiency in the pathogens
from the other farms, as well as in the studies of
Hristov (2018) in goats and Azzi et al. (2020) and
Abed et al. (2022) in sheep, was noticed. And
in this farm, all the tested strains were sensitive
to Enrofloxacin and Ciprofloxacin. We also ob-

served that many microorganisms were resistant
to 4 or more antibiotics, the most resistant being
S. aureus ssp. aureus followed by Staphylococ-
cus hyicus. This is most likely due to the exces-
sive use of antibiotic drugs on the farm and fail-
ure to complete the therapeutic courses.

Conclusions
The causative agents of subclinical mastitis

in sheep show the most significant sensitivity to
Ciprofloxacin and Enrofloxacin, as well as to the
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Table 4. Sensitivity of the isolated bacteria from farm D to antimicrobial agents in vitro
Tadauuna 4. UyBCTBUTETHOCT HA U30JIMpaHUTE OakTepuu oT pepma D KbM aHTUMUKPOOHU CPE/ICTBA in

vitro

Disc Inhibitory zones in mm and strain sensitivity
Antimicrobial agent concgntration Aerococ-cus  S. aureus Ssp. S. warneri S. hominis . Streptococ-

(ug/disc) viridans aureus ssp. hominis o s cus sanguinis
Chloramphemicol 30 ug 213+22(R) 14+46() 201+3.2(S) 24.6+52(S) 14.2()) 15 (1)
Tetracycline 30 ug - -
Doxycycline 30 ug 215+07(S) 194+51(S) 15.2+24 () 274+3.8(S) 10.7(R) 14.5 (1)
Penicillin 10u 22+72() 88+31(R) 77+06(R) 81x17(R) 24.8() 25.3(S)
Ampicillin 30 ug 25+55(S) 71+29 244+37(S) 23.6+22(S) 6.5(R) 23(S)
Amoxycillin 10 ug 17¢55(R) 91+39(R) 20+23(S) 20+18(S) 18(R) 104 (R)
Cefuroxim 30 g 9+33(R) 7413 21.8+4.6(S) 21.6+1.3(S) 10.6 (R) 25.3(S)
Ceftriaxone 30ug 55+17(R) 65+15(R) 225+23(S) 164+37() 13.5(R) 174 (1)
Novobiocin 30 g 10+12((R) 81x21(R) 122107 (R) 125+14(R) 22.9(S) 12.7 (R)
Gentamicin 10 ug 23.5+15(S) 20+47(S) 231x26(S) 18+x18(S) 31(S) 18 (S)
Colistin 10 ug 10+56() 63+07(R) 151+09(S) 6.9+08(R) 14.6(S) 6.4 (R)
Kanamycin 5 ug 67+08(R) 6.9+1.1 88+12(R) 71+£09(R) 15.3(l) 6.3 (R)
Enrofloxacin 5 ug 284+1.2(S) 30.3+5.8(S) 30+58(S) 274+52(S) 26.4(S) 25.5(S)
Ciprofloxacin 5 ug 272+22(S) 284+45(S) 28+41(S) 25+3.8(S) 277(9) 27.8(S)
ﬁﬂgﬂﬁfgﬂ;"am'e" f%ij . 08+52(R) 74+17(R) 92+29(R) 69+05(R) 127()  64(R)

S (sensitive); I (intermediate); R (resistant)

combination Sulfamethoxazole+Trimethoprim.
Most often, these pathogens show resistance to
Penicillin, Amoxycillin, Kanamycin and Colis-
tin. The presence of resistance to second and
third generation cephalosporins is unfavorable.

References

Abed, A. H., Hamed, N. A., & Abd El Halim, S.
A. (2022). Coagulase Negative Staphylococci Causing
Subclinical Mastitis in Sheep: Prevalence, Phenotypic and
Genotypic Characterization. Journal of Veterinary Medi-
cal Research.

Azzi, O., Lai, F., Tennah, S., Menoueri, M. N.,
Achek, R., Azara, E., & Tola, S. (2020). Spa-typing and
antimicrobial susceptibility of Staphylococcus aureus
isolated from clinical sheep mastitis in Médéa province,
Algeria. Small Ruminant Research, 192, 106168.

Bauer, A. W. (1966). Antibiotic susceptibility testing
by a standardized single disc method. Am J clin pathol, 45,
149-158.

Ebrahimi, A., Lotfalian, S., & Karimi, S. (2007).
Drug resistance in isolated bacteria from milk of sheep
and goats with subclinical mastitis in Shahrekord dis-
trict. Iranian Journal of Veterinary Research, 8(1), 76-79.

Guerrero, R. (2001). Bergey’s manuals and the classi-
fication of prokaryotes. International Microbiology, 4(2),
103-109.

Hristov, K. (2018). Antimicrobial sensitivity of patho-
gens causing subclinical mastitis in goats in Bulgaria. /n-
dian Journal of Animal Research, 52(2), 296-300.

Katsarou, E. 1., Chatzopoulos, D. C., Giannoulis, T.,
Toannidi, K. S., Katsafadou, A. 1., Kontou, P. I., Lianou,
D. T., Mamuris, Z., Mavrogianni, V. S., Michael, C. K.,
Papadopoulos, E., Petinaki, E., Sarrou, S., Vasileiou, N.,
& Fthenakis, G. C. (2021). MLST-based analysis and an-
timicrobial resistance of Staphylococcus epidermidis from
cases of sheep mastitis in Greece. Biology, 10(3), 170.



CEJICKOCTOIMTAHCKA AKAJTEMMUSI o XXKMIBOTHOBB/IHU HAYKH, LIX, 6/2022 79

Knuth, R. M., Woodruff, K. L., Hummel, G. L.,
Williams, J. D., Austin, K. J., Stewart, W. C., ... &
Bisha, B. (2022). Effects of management strategies dur-
ing early lactation and weaning on etiological agents of
ovine subclinical mastitis and antimicrobial susceptibility
of milk-derived bacterial isolates. Journal of Animal Sci-
ence, 100(6), skacl71.

Leitner, G., Merin, U., Lavi, Y., Egber, A., & Silan-
ikove, N. (2007). Aectiology of intramammary infection
and its effect on milk composition in goat flocks. Journal
of dairy research, 74(2), 186-193.

Lollai, S. A., Ziccheddu, M., Di Mauro, C., Manunta,
D., Nudda, A., & Leori, G. (2008). Profile and evolution
of antimicrobial resistance of ovine mastitis pathogens
(1995-2004). Small Ruminant Research, 74(1-3), 249-254.

Vasileiou, N. G. C., Cripps, P. J., Ioannidi, K. S.,
Chatzopoulos, D. C., Gougoulis, D. A., Sarrou, S., Or-
fanou, D. C., Politis, A. P., Calvo Gonzalez-Valerio, T.,
Argyros, S., Mavrogianni, V. S., Petinaki, E., & Fth-
enakis, G. C. (2018). Extensive countrywide field investi-
gation of subclinical mastitis in sheep in Greece. Journal
of Dairy Science, 101(8), 7297-7310.

Ventola, C. L. (2015). The antibiotic resistance crisis:
part 1: causes and threats. Pharmacy and therapeu-
tics, 404), 277.

Vezina, B., Rosa, M. N., Canu, A., & Tola, S.
(2022). Genomic surveillance reveals antibiotic resistance
gene transmission via phage recombinases within sheep
mastitis-associated Streptococcus uberis. BMC Vet. Res.,
18(1), 264.



