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insights in to the antibiotic resistance of hemolytic 
streptococci. The highest resistance to neomycin 
(95.24%), trimethoprim sulphamethoxazole (87.30%) 
and gentamicin (69.84%) was not surprising for 
Streptococcus  sp. as it has an intrinsic resistance to 
aminoglycosides and sulphonamides (Swedberg 
et  al. 1998). On the other hand, except for one GFS 
isolate, all isolates showed high susceptibility to 
the amoxicillin‑clavulanic acid. Similar antibiogram 
patterns were observed by Ikiz and colleagues 
(Ikiz et  al. 2013). Tel and colleagues (Tel et  al. 2009) 
reported high gentamicin resistance (78.3%) as well. 
Conversely, the high resistance rate to penicillin 
(23.81%) and amoxicillin (14.29%) was in contrast to 
what observed by other researchers who reported 
lower resistance rates (Tenhagen et  al. 2006, Ekin 
et  al. 2011). Beta‑lactam antibiotics were widely 
used in cows for the treatment and prevention of 
diseases; a high rate of resistance to these antibiotics 
was therefore not unexpected. On the other hand, 
it has stated that the cephalexin (first generation 
cephalosporins) and cephaperazone (third generation 
cephalosporins) have greater anti‑streptococcal 
activities than other beta‑lactams (Ceniti et al. 2017). 
Also in this study a  lower resistance to cephalexin 
(19.05%) and cephaperazone (4.76%) was observed 
(Rügsegger et al. 2014, Zhang et al. 2018). 

Increasing resistance of streptococci to commonly 
used broad‑spectrum antimicrobials including 
tetracyclines (up to > 90%) and macrolides (up to 
> 70%) has been reported worldwide since the 1980s 
(Aarestrup et al. 1998, Blowey et al. 1995a, Palmieri 
et al. 2011, Zhang et al. 2008). In the present study, the 
isolated GFS and GBS showed similar resistance rates 
(30%) against lincomycin, whereas the isolated GFS 
were found to be highly resistant to oxytetracycline 
(70%) and erythromycin (40%). These results were 
similar to what has been previously described in 
other countries (Kalmus et  al. 2011, Petrovski et  al. 
2006). Although fluoroquinolones are considered 
among the most effective drugs, increasing the 
risk of quinolone‑resistant bacteria should not to 
be ignored (Lopez et  al. 2015). In this study, the 
resistance rates to enrofloxacin and ciprofloxacin 
were high in both GBS (28.30% and 39.62%) and GFS 
(50% and 30%). This was in agreement with other 
reports in Turkey that streptococci have variable 
resistance to fluoroquinolones (Acar et  al. 2012, 
Macun et al. 2011). 

MDR was defined as acquired non‑susceptibility to 
at least one agent in three or more antimicrobial 
categories (Schwarz et  al. 2010, Tenover 2006). In 
this study, multiple resistances to three or more than 
three antimicrobial agents tested were observed. Of 
the 63 Streptococcus isolates, 50 (79.36%) were found 
as MDR. MDR rates of GBS and GFS isolates were 
75.47% (40/53) and 100% (10/10), respectively. Both, 
the isolated GBS and GFS were particularly resistant 

Table III. Antimicrobial resistance profiles of 50 multi-drug resistant 
Streptococcus sp. isolated from bovine mastitis.

Antimicrobials
GBS (n = 40) GFS (n = 10)

n % n %

Resistance to 3 
antimicrobials

CL, CN, CIP 0 0 1 10

N, TS, CN 7 17.5 0 0

OT, N, TS 1 2.5 0 0

CL, CIP, AX 1 2.5 0 0

Resistance to 4 
antimicrobials

N, TS, ENR, CN 4 7.5 0 0

TS, ENR, P, CN 1 2.5 0 0

N, TS, P, CN 1 2.5 0 0

N, TS, ENR, P 0 0 1 10

OT, N, TS, CN 0 0 2 20

OT, L, CN, CIP 1 2.5 0 0

OT, L, N, E 1 2.5 0 0

N, TS, CN, CIP 1 2.5 0 0

N, TS, CL, CIP 1 2.5 0 0

L, N, TS, CN 0 0 1 10

Resistance to 5 
antimicrobials

N, TS, ENR, CN, CIP 1 2.5 0 0

OT, TS, ENR, CN, CIP 1 2.5 0 0

OT, N, TS, CN, E 4 10 0 0

OT, N, TS, CL, CIP 1 2.5 0 0

OT, N, TS, ENR, CIP 1 2.5 0 0

OT, L, N, TS, E 1 2.5 1 10

Resistance to 6 
antimicrobials

L, N, TS, ENR, CN, CIP 1 2.5 0 0

OT, N, TS, CL, CN, CIP 1 2.5 0 0

Resistance to 7 
antimicrobials

L, N, TS, ENR, CN, CIP, E 1 2.5 0 0

OT, N, TS, ENR, CN, 
AX, E 0 0 1 10

OT, L, N, TS, P, CN, CIP 2 5 0 0

L, N, TS, CL, P, CN, CIP 1 2.5 0 0

Resistance to 8 
antimicrobials

L, N, TS, ENR, P, CN, 
CIP, AX 1 2.5 0 0

L, N, TS, ENR, P, CN, 
CIP, E 2 5 0 0

OT, N, TS, CL, ENR, P, 
CN, CIP 1 2.5 0 0

OT, CFP, N, TS, CL, CN, 
CL, E 1 2.5 0 0

Resistance to 9 
antimicrobials

L, N, TS, CL, ENR, P, CN, 
CIP, AX 0 0 1 10

OT, L, N, TS, CL, P, CN, 
CIP, AX 1 2.5 0 0

L, N, AMC, CL, ENR, P, 
CIP, AX, P 0 0 1 10

Resistance to 10 
antimicrobials

OT, L, CFP, N, CL, ENR, 
P, CN, AX, E 0 0 1 10

GBS = Group B streptococci;    GFS = Group F streptococci;    OT = Oxytetracycline;    
L = Lincomycin;    N = Neomycin;    CFP = Cephaperazone;    TS = Trimethoprim 
sulphamethoxazole;    AMC = Amoxicillin clavulanic acid;    ENR = Enrofloxacin;    
P = Penicillin;    CN = Gentamicin;    AX = Amoxicillin;    CL = Cephalexin;    
CIP = Ciprofloxacin;    E = Erythromycin.




