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ABSTRACT

In consideration of the importance of Staphylococcus aureus regarding its contribution to antibiotic resistance,
the present study was designed to find variability among S. aureus isolates in relation to their multidrug resistance
patterns. A total of 157 species-specific 23S rRNA based confirmed S. aureus isolates from various clinical and non-
clinical animal sources (cattle, buffalo, goat, sheep, dog, camel, pig and horse), human and pieces of meat from butcher
shops were included in the present study. Overall more than 95% isolates were recorded resistant to ampicillin and
penicillin-G, while approximately 100% isolates were sensitive to chloramphenicol, meropenem and nitrofurantoin.
The isolates from different sources showed highly significant (P<0.01) variation in their resistance patterns for 39
antibiotics, significant variation (P<0.05) for levofloxacin and nitrofurantoin, and no significant variation (P>0.05) for
clindamycin. In Bonferroni correction, human isolates were significantly variable with a P<0.0001 probability level
of variance in relation to other pieces of meat and animal origin sources for most of the antibiotics. Human isolates
had the highest (0.40) MAR index. A highly significant difference was observed in the antibiogram pattern between
different sources of S. aureus, which may indicate the pattern and frequency of use of various antibiotics in humans
and animals.
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Introduction

Staphylococcus aureus is a notorious member ~ abscesses, osteomyelitis, endocarditis, phlebitis,

of the Staphylococcaceae family associated with
various clinical and sub clinical infections. In
humans, it may also cause serious infections,
particularly in persons debilitated by chronic illness,
traumatic injury, burns and immunosuppression.
These infections include pneumonia, deep
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boils, furuncles, styes, impetigo, toxic shock
syndrome and meningitis, and are often associated
worldwide with hospitalized patients rather than
healthy individuals in the community (CARTER
et al., 1990). This organism is also known to cause
a variety of suppurative infections, septicemia and
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toxinoses in domestic animals and/or birds, such as:
mastitis, udder impetigo, endometritis, pyoderma,
cystitis, dermatitis, botryomycosis of mammary
glands, arthritis, scirrhous cord, bumble foot and
tick pyaemia (NABER, 2009).

Although S. aureus is naturally susceptible
to many antibiotics, it is acquiring antimicrobial
resistance for multifactorial reasons that include
the excessive widespread and inappropriate use of
antimicrobials, the extensive use of these agents
as growth enhancers in animal feed, and, with the
increase in regional and international travel, the
relative ease with which antimicrobial-resistant
bacteria cross geographical barriers (LOWY,
2003). Staphylococci have developed many
efficient mechanisms to neutralize new antibiotics,
namely: enzymatic inactivation of the antibiotic,
alteration of the target with decreased affinity for
the antibiotic, trapping of the antibiotic, and efflux
pumps. Complex genetic arrays have been acquired
by S. aureus through horizontal gene transfer, while
resistance to other antibiotics, including some
of the most recent ones (e.g., fluoroquinolones,
linezolid and daptomycin), has developed through
spontaneous chromosomal and plasmid mutations
and antibiotic positive selection (LOWY, 2003;
PANTOSTI et al., 2007).

In the course of resistance development, S.
aureus showed resistance towards penicillin
by the production of a specific enzyme called
penicillinase (B-lactamase), often governed by
genes located in plasmids. This is an extracellular
enzyme, hydrolyzing the f-lactam ring of f-lactam
antibiotics (penicillin) (LOWY, 2003). Methicillin
resistant S. aureus (MRSA) is an important resistant
phenotype of S. aureus which has acquired resistance
through PBP2a (penicillin binding protein 2a)
through blocking the proteins responsible for the
construction and maintenance of the bacterial cell
wall. The PBP2a protein is encoded by the mecA
gene, which is the hallmark of MRSA. As opposed
to the penicillinase gene, mecA does not reside on
plasmids but on the chromosome, embedded in a
large mobile genetic element called staphylococcal
chromosome cassette mec or SCCmec. The presence
of PBP2a means MRSA is not only resistant to
methicillin, but also to all B-lactam antibiotics,

494

including synthetic penicillins, cephalosporins and
carbapenems (PANTOSTI and VENDITTI, 2009).

Vancomycin was identified as the first line of
drug for treatment of MRSA, thus unfortunately
use of vancomycin dramatically increased, not only
for S. aureus infections but also for other infections,
which resulted in the emergence of vancomycin
resistance among bacterial populations (LOOMBA
et al., 2010). Establishment of MRSA and the
emergence of VRSA are of great concern because
these are not only resistant to methicillin, but also
to vancomycin, monobactams and cephalosporins,
through the production of ESBL (Extended-
spectrum beta-lactamases). Antibiotic resistance,
the overuse of antibiotics, increased healthcare
costs and sepsis-related deaths give rise to the need
for exploration of the phenotypic and genotypic
variations of resistance among S. aureus strains
obtained from human and animal infections.

Considering the importance of S. aureus as
the cause of various ailments in humans and
animals, and variations in the strains in relation
to antimicrobial resistance, the present study was
undertaken with the objective of discovering the
antibiotic resistance patterns of S. aureus from
clinical and non-clinical sources of human and
animal origin, and their statistical analysis, to
ascertain the variable associations between isolates,
according to their source of origin.

Material and methods

Bacterial strain. In the present investigation,
157 genotypically confirmed (species specific 23S
rRNA sequence based based) S. aureus isolates
were examined, of which 35 isolates were obtained
from clinical infections of humans, 20 from pieces
of meat from butcher’s shops, three from horse skin
wounds, two from pig nasal cavities, eight from
camel skin wounds, six from dog skin infections,
six from clinical infections of sheep, 21 from
mastitic buffalo milk, 28 from mastitic goats’ milk
and 28 isolates were obtained from mastitic cows’
milk samples.

Antibiotics susceptibility testing. The sensitivity
test was conducted using the method of BAUER
et al. (1966), against 42 antibiotics of different
generations (Table 1), belonging to various groups.
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The isolates were inoculated into sterile 5 mL
Mueller-Hinton Broth tubes, and incubated for 18
hours at 37 °C. The opacity was adjusted to 0.5
McFarland opacity standard, and inoculums were
well spread over the Mueller-Hinton agar surface,
with the help of a sterilized spreader. The plates
were allowed to dry for 10 minutes at 37 °C, and then
antibiotic discs (Table 1, Hi Media, Mumbai) were
carefully placed on the surface with enough space
around each disc for diffusion of the antibiotic. The
plates were incubated for 24 hours at 37 °C, and the
diameter of the zone of inhibition of growth around
each disc was measured in millimeters. After
measurement of the inhibition zone, interpretation
of resistant, sensitive and intermediates was made
using the breakpoints defined by The Clinical &
Laboratory Standards Institute (CLSI, 2016).

Multiple antibiotic resistance index (MAR)
value. All multidrug resistant isolates were
evaluated for their Multiple Antibiotic Resistance
(MAR) index. In assessment of MDR isolates, this
index was calculated as per the method given by
KRUMPERMAN (1983).

MAR Index of single isolate = a/b, where a
represents the number of antibiotics to which the
isolate was resistant and b represents the number of
antibiotics to which the isolate was exposed.

Group MAR index value = a / (b*c), where a
is the aggregate antibiotic resistance score of all
isolates in the group, b is the number of antibiotics
to which the isolate was exposed, and c is the total
number of isolates in the group

Statistical analysis. For comparative analysis
and to find variability between the antibiotic
resistance patterns of S. aureus isolates of different
origins, the diameter of the zone of inhibition of
various antibiotics was recorded separately for
each isolate. Then the mean diameter of the zone
of inhibition of the isolates (ANOVA), the Duncan
multiple range test (DMRT) analysis, Bonferroni
correction and frequency of resistant, sensitive
and intermediates were determined according to
the method of CAMPBELL et al. (2007), using
Microsoft excel and IBM SPSS Advanced Statistics
20.0 version software.
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Results

In the present investigation, 157 Staphylococcus
aureus isolates obtained from animals (cattle,
buffalo, goat, sheep, dog, camel, pig and horse),
humans and pieces of meat from local butcher’s
shops were subjected to detection and analysis of
antibiotic resistance patterns against 42 antibiotics
belonging to different categories and generations.
The isolates exhibited significant variations in
sensitivity patterns (Table 1). Overall, it was
recorded that all (100%) isolates were sensitive to
meropenem, chloramphenicol (except one human
isolate, H28), and nitrofurantoin (except one cattle
isolate, C39), more than 85% isolates were sensitive
to nine antibiotics, namely: ampicillint+sulbactum
(96.2%), imipenem (95.5%), cefalothin (91.7%),
piperacillint tazobactam (91.7%), tobramycin
(89.8%), doxycycline hydrochlorid (89.2%),
ceftazidime + clavulanic acid (88.5%), oxacillin
(87.3%) and polymxin-B (86.0%). More than 95.0%
isolates were resistant to ampicillin and penicillin-G.
Statistical analysis revealed that the Mean Sum of
Square (MSS) of the diameter of the inhibition zone
(mm) of each antibiotic showed highly significant
(P<0.01) variations between isolates from different
sources in their resistance patterns for 39 antibiotics,
significant variations (P<0.05) for levofloxacin
and nitrofurantoin, and a non-significant
variation (P>0.05) for clindamycin (Table 2).

In the present study, highly significant (P<0.01)
variations were recorded between S. aureus isolates
for most of the antibiotics, thus all sources of isolates
were further subjected to Duncan’s Homogeneous
Subsets analysis (DMRT) of Mean £ SEM values
of the diameter of inhibition zone of the antibiotics.
In the analysis, a maximum of five subsets were
found for five antibiotics, namely: cefaclor,
cefixime, cefixime+ clavulanic acid, imipenem
and ticarcillin, and four subsets were found for
13 antibiotics, namely: ampicillin, ampicillin+
sulbactum, cefoparazone, ceftazidime+clavulanic
acid, doxycycline hydrochloride, linezolid,
nitrofurantoin, norfloxacin, penicillin-G,
piperacillin, piperacillin + tazobactam, tetracycline
and ticarcillin + clavulanic acid among S. aureus
isolates. For the other antibiotics, two or three
subsets were found among S. aureus isolates.

495



S. K. Sharma et al.: Detection and analysis of antibiotic resistance variability among Staphylococcus aureus isolates

from animal and human sources

0°00D)] .. ) (528 | (s2D) | . 0°00D)| .. ) (L'99) | (€€9) | .. 0°06) | (001 | .. (9'89) | ... (6'77) | proe orueae)|
g |Oo0|00], [ @00 000 (000 [ ©@00] T 7 |00 7T o8 Ty PSE—l
0°08) | (008) | . (szD) | (0°09) | (5729 | (0°0S) | (0°0S) | . (€¢9) | (€€9) | (€€9) | (059 | (0'sp) | (00D) | (67D | (1°L1) | (0°09) )
¢ ¢ 000 I b c I I 000 I I I h p b g 9 1z QuwIpIZeyd) | G|
0°00D)] .. ) 0°09) |, 009 | (009 | .. 0°08) | (L799) |, .. (€€9) [ (059 | .. 059 | (LsD |, F'19) )
9 000[000 b 000 N I 000 I z 000 I ol 000 / 6 000 0z unIxoy) |y
0°00D)] .. ) ($29) | (S°LY) | . 0°00D)| .. ) (L'99) | (€€9) | .. 0°s8) | (001) | .. (€9 | (6Th) | (6TT) | proe omuemAe))|
g |00]|©00 ¢ ¢ |00 00 0| 000] ", 00| TS 7 |91 ol g Lounxejogany| €1
0°00D)| .. . (529 | (0'09) | (s'21) | (0°0S) | (0°0S) | . (L'99) | (€€9) | .. 0°59) | (009) | Lso |6y | 19 )
9 000[000 c b I I I 000 z I 000 ol 9 091 6 ol I swIrxelo§e))| ‘1
0°00D)] .. ) #29) | (S°LY) | . 0°00D)| .. ) (L'99) | (€€9) | . 0oL | (009 |, 980 | (¢+S) | (T°LD) wejeqng|
g |000]|©00 ¢ ¢ |00 00 0| (000] ", [ @00] T o |00 61 o | +ouozewdogar| 1!
0°08) | (008 | . (052 | (009 | (05D | .. 000D .. (€€ [ (L99) | .. 0s1) | (0°59) | (0°09) | - 19 | (0'0p) )
¢ ¢ 000 z b z 000 z 000 I z 000 c h o1 98¢ 9l i suozeredoya)D| 01
(L'99) | (€€9) |, 050 | (529 | (s°LE) (000D .. ) 000D .. ) 0's9) | (009 | (059 | (TLD) |,. (I'LL) | proe oruenae)| |
b ;|00 T2 c c z |00 o|™ 000000 9 h g |WOT| 7 L owrxgan| ©
@.w: s.m@ @.Nmo ©0 0l ©00o0 s.mo: ©°0) 0 a.w@ s.w@ ©0 0l ©00o s.mo: a.ms 091 s.ma 09l oz @A.m@ owrxgao| ‘g
0°00D)| .. ) (osw) | (szn) | (D) (000D .. ) (L'99) | (€€9) | . 0oL | (009 |, 6y | (LsD) | F19) .
9 000[000 9 I I 7 000[000 z I 000 bl 9 000 ol p . swidaya)| L
Ao.mo: 00 0[000 s.wwo: 000|000 S.mo: 00 0{000 smos 000|000 8%@ 8.%: ©0)0 Qmmt 6D 1 @M@ urgofes))| 9
0°00D)| .. ) (052 | (05D | (0°0S) |(000D)] .. ) (€€ | (L'99) | (0°5€) | (0°02) | (0°St) | (0°0D) | (€+T) | (L59) .
9 000[000 z z N 7 000[000 I 000 z h N 6 h c z Jopoeja)| g
0°00D)| .. . 009 | (05D | (0°sD) | (0°0S) | (0°0S) | . ) (L'99) | (¢€©) | (0°08) | (0°0D) | .. (Ls | (Ls) | (98h) .
9 000[000 b z z I I ©000[000 z I ol N 000 6 6 ' WeUoINZY | ¥
@.w& 000 Q.Nm@ G.w: (0o @w@ (001 2| (00)0{(0°0) 0 @w@ @..ﬁm@ @.w@ (000|000 8.%%: (L9)z|0o @mm@ uAWOIRIZY | ¢
0°00D)] .. ) 000D .. ) 0°00D)] .. ) 000D .. ) 0°00D)| .. ) (8728 | (.. ) wnoeqng| |
o [000]©@00|™ 7000000 (000000000000 (000 0| = (00) 01 (000) 0| T (98) €] (98) € PR —
000|000 swo: 0'0)01(00) 0 s.mo: 000|000 S.MO: 0'0)01(00) 0 s.mO: 000|000 8.%%: 0001000 s.mm: urpordwry|
S I d S I d S I d S I d S I d S I d PBOIQUUY | N
Soq [owre) S1d 3SI0H o0a1d JeaN uewINg| JOOUEN) S

(%) sere[ost sna.np g Jo uroped werSoiquuy

S90INOS SNOLIBA WO} SB[OSI SNALND s122020]Aydpig 10§ suraped K)AnNISULg onoIqUUY ‘| d[qeL

Vet. arhiv 90 (5), 493-508, 2020

496



S. K. Sharma et al.: Detection and analysis of antibiotic resistance variability among Staphylococcus aureus isolates

from animal and human sources

(€€9) | (L99) |, . ) (SL8) |/ . . 000D .. ) 000D| .. s |08 |,,. €y | (6'68) )
z N 000[000 h (sznr{ 00|00 z 000[000 c 091 c o1 D1 c 62 UIOBXOION | "Z€
S.WO: 000000 smev 0'0)01(00) 0 S.WO: 000000 smev 000|000 Ao.%mo: 000|000 :Wma 601 s%v wojuernyonIN| 1
(€e8) | Lom |, .. (s29) | (0'sD) | (s'2D) [(0°00D)| .. . (L'99) | (€€9) | . 059 | (0°s9) | (001 | (9°8D) | (6°TH) | (9°82) )
¢ I 000 c z I z 000[000 z I 000 h 1 z o1 ol ol UI[IIPIN | "0€
S.WO: 000000 smev 0'0)01(00) 0 S.WO: 000|000 smev 000|000 Ao.%mo: 000|000 Swm: 00) 0 s%v wauadosopy | 62
S.WO: 000000 @.mc 000 Gms 000|000 S.MO: smev 000|000 8%@ 000|091 @Mma 00) 0 Gma prjozour| ‘gz
000D .. ) (§29) [ ($°LE) | . 0°08) | (008) | /. 000D .. ) 0oL | (0SD |, Lse) | (€yD | (00) )
9 000[000 ¢ c 000 I I 000 c ©000[000 e c 091 o¢ c 0 UIOBXOPJOAdT| LT
S.WO: 000000 smo: 0'0)01(00) 0 S.WO: 000|000 smev 000|000 Ao.%mo: 000|000 sm.wwa L) Amw D wouadruwy| 9z
000D .. . (szD) | (05D | (529 | (0°0S) | (0°0S) | . (L99) | . (€€ | (0°58) | . osp |1 |,,. (620 )
9 000[000 I z p I I 000 z 000 I X 000 c 7 Lee g UIOIWRIUAD | “G7
000D .. . (052 | (529 | (s'21) | (0°0S) | (0°0S) | . (€€ [ (L99) | .. s | (009 | (05D | F1D) | (0'01) | (9°81) )
9 000[000 z c I I I 000 I z 000 c 71 c b b I wouaddore]| g
000D] .. . (s28) [ (sTD) | (. 0°00D)| .. ) 000D .. ) 0°00D)| .. . () [ (€9 | . OpLIO[YO0IPAH] .
g |Oo0|00], Lo 000 (000 000 (000 T P (0000 (00) 0 ¢ Ol upkosxoq| €€
000D .. ) (szn) [ (osw) | (s | (. . (000D)| (€€9) | (L99) | .. 0's1) | (008) | ) (zLs) | (0'0p) )
9 000[000 I 9 I 000000 z I z 000 c o1 0911 0z i uI[Ioexo[)| "z
000D .. . (528 | (§T9) | . . 000D .. 000D .. ) 0°08) | (000 | .. (L) | (Lo | . )
9 000[000 c c 000[000 z 000 c 000[000 o1 N 000 oz el Lee urAwepur[)| 17
. 000D .. (szn) [ (osw) | (s | (. 0°0) | (008) |, 0°00D| .. . 059 | (009 |,,. 62h) | (€7S) )
000 9 000 I 9 I 000 I h 000 c 000091 el 9 61 ol ol uroexogoxdiy| 07
S.WO: 000|000 smo: 000|000 s.wo: 000000 smev 0'0)01(00) 0 Ao.%mo: 000000 :Mma (0°0) 0| (677) 1 |10o1uoyduresoyo| 61
000D .. . 009 | (009) | .. 0°00D)| .. . (L'99) | (€€9) | .. (0'0L) | (000 | (00D | (€S | F11D) | (€F€) )
9 000[000 b N 000 z 000[000 z I 000 et N z 61 b 7l urjozjo)| "8
000D| .. . 009 | (529 | (s21) (000D .. ) (L'99) | (€€9) | . 0'sL) | (0SD |, Lso |19 | (60 )
9 000[000 b c I z 000[000 z I 000 ol c 000 6 ol g Quoxelya)| ‘LI
S I d S I d S I d S I d S I d S I d PUOIGHUY | oN
SoQ Pwe) S1d 3SI0H o0a1d JeaN uewny JOOUEN) S

(%) saye[ost sna.inp °§ Jo useped weiSoiquuy

(panunuos) s90IN0S SNOLIBA WOIJ SIJR[OSI s12.nD §122020]Aydpig 10§ surdyed AIARISULS d101qIIUY “[ J[qeL

497

Vet. arhiv 90 (5), 493-508, 2020



S. K. Sharma et al.: Detection and analysis of antibiotic resistance variability among Staphylococcus aureus isolates

from animal and human sources

@%& (68) ¥1 :wws o) €1 | (6LD) S |(LsOor|osL) 12| (€vD ¥ | (LoD €| (008) LT | (0TD ¥ | (000 [(00001)9] (00)0 | (000 uAWoIYNZY| ¢
(796) | . 6D, ) ) (0'001) ) . ) ) . ) ) ) wmoeqng| .
op | @D 00D 8T (0000 | (00)0 | T | (0000 | (0000 (000D IZ| (00)0 | (00)0 (000D 9| (0°0)0 | (0°0)0 +unpodury|  ©
St | 000 @.M@ one | (000 [(c68) sz (O T | (000 [(#96) LZ] (000 | (00)0 [(00D) 12| (0000 | (0°0)0 [(0°00T)9 urordury| |
€51
S I A S 1 | S 1 A S I A S I | oNOIqUUY | "ON
mo QUIBN 'S
[e101, me)d 1800 oregng daayg
(%) sorejosI sna.4np “§ Jo ureped weisoquuy

(€€ | (L99) |, . (2D [ (SL8) | . . 000D .. (L'99) | (€€9) | . oon) | (059 | (0SD |,,. sy | F19) )
z b 000 I h 00 0[000 z 000 z | 000 z el c 601 ol a1 uroAwodueA | "7y

0°00D)] .. . 000D .. ) 0°00D)] .. ) (L99) |, (€7¢9) [(000D| .. . (TL9) | (00 | (6Th) )
9 000[000 g 000|000 z 000[000 z 000 I 0z 000[000 o0z 0 ol urAweIqoL| 1y

0°00D)] .. . ($29) |, (5729 [(0'00D)| .. ) (L99) |, (cco) | (00p) | . 009 | (000 | (000) | (0°08) | PV duEMARD| .
g |O0[©00] 7 000 z |00l 0] =000 g |00 L 0 97 +unpporeary | OF

0°00D)] .. . (528 [ (sTD) | (. 0°00D)] .. ) (€€ [ (L99) | .. 0°s8) | (0SD) |, (€y9) | (Lsy) | (00D )
9 000[000 h I 000 z 000[000 I z 000 X c 000 71 o1 h UI[[IOIBLL | “6€

0°00D)| .. . 009 | (szD) | (L) (000D .. ) 000D .. ) 0°$6) | (. . oop) |62k | (LD )
9 000[000 b I c z 000[000 c 000|000 pd 091000 i ol 9 auloAoena] | ‘8¢

(€€8) | Lon) [ (sT9) |, . (L9 [(0'00D| .. ) 000D .. ) 0°08) | 002 | (LS8 | (€vD) } )
¢ 000 I G 000 c z 000[000 c 000|000 o1 000 b o¢ 000 p g- urxw£k[od| L¢

0°00D)| .. . 000D .. ) 0°00D)| .. ) 000D .. ) 0°06) | (. 001 | (9°89) |, .. #'1¢) weyoeqoze] | |
9 |00 00| 000000 77000000 (00 0] (000 T ™ 000 bz Q00T +upppoesadrg| 9¢
000000 a.wo: 00)0((00)0 a.mo: 00 0[(00)0 a.mo: 000|000 ¢ [©00[000 Ao.%m: 000{60)1 :Mm@ uoeiadid | 's¢
00 0[000 a.wo: 000|000 a.mo: 00 0[000 a.mo: 000|000 a.mo: 00 0[000 Ao.%m: 000|000 amom: D- Ul | “p¢
S.WO: 000000 smav (000|000 a.mo: 000000 smo: (000|000 8%@ (0o S.M: ame (60 1 :%@ UIIOEXO| €€
S I d S I d S I d S I K| S I Rl S I d onoIquuY | oN
3o pwe) Sid 9SI0H o0a1d JBON uewny 3O OWEN) S

(%) sae[ost sna.unp - Jo ureped weiSoiquuy

(panunuoos) s90IN0S SNOLIBA WO SIJB[OSI s12.4nD §122020]Aydpig 10§ surdyed AJIARISULS d10IqIIUY ‘[ J[qeL

Vet. arhiv 90 (5), 493-508, 2020

498



S. K. Sharma et al.: Detection and analysis of antibiotic resistance variability among Staphylococcus aureus isolates

from animal and human sources

(0'001)

ﬁ_m%a (000 ﬁov 00D 82| (0000 | (D)0 | T gz | (0000 | (00)0 |(0'00D) T2 (00)0 | (00)0 (000D 9| (0°0)0 | (0°0)0 JooruoyduweloNy)| 61
Awmwv (9'6) S1 Aw.wv Wve) Lz | OO1 | (000 | Lz | @91 | (00 [(0ooDIz| (0000 | (000 (00019 (00)0 | (0°0) 0 urozyRp| 81
@N.rt a%ms v@m.a (osp)1z [ (s L| (000 s.mw: 000 | (0000 |[(s06) 61| (s6)T | (00)0 |(0°001) 9] (0°0)0 | (00)0 SUEXOLIYID| "L
oﬁmw& :m.mv :%V (€68) 57| (1) €| (000 8.%%: 000|000 s.w%: 000|000 s.wO: 000 | 00| P e 91
@%& :W@ G%@ 009 ¥1 [ (98D 8| (#1209 ((98L) ze| (6'LD S| (991 (9L 91 [(06D ¥ | (81 1 [(0001)9| (00)0 | (0°0) 0 awipIzeld)| ‘Gl
:m%e 00)0 QW..% (1rLs)or | (000 |(6zy) Ti|(6T6) 92| (0000 | (1L T [(S06) 61 | (00)0 | (s'6) T [(0°00D) 9| (00)0 | (0°0) O unIxoya)| 1
:ﬁﬁt @Mg n@%v ©80 2 | (F109| (0000 S.MM: 000 [ ©0)0 |@00D 12| 000 | @00 |00 9| @0 | @oro | PPIIEEOAS ¢t
:ﬁ.%v @%@ @m.wv (€v9) 81 |(Ise)o1| (0000 [(626)9Z| (L) T | (0000 |(018) LT [ (06D + | (00)0 |(0001) 9| (00)0 | (00)0 dWIXeI0JR)| T
Am.mt @mm@ %w@ (11961 [ (129 6| (0000 S.MM: 000 [ ©00 | @s6)0z| D)1 | 000 (00009 000 | 000 |, suozpmedagay| 11
@W@ a%@s @wm: (res) o1 | (rze) 6 | (LoD € ((1Ls) ot|(e69) 11| (9O T | (1189)8 (1L TI| 8P T |(€€8) S [ (L9DT| (00) 0 auozeredojo)| 01
@mw@ @%s G%@ 0€9 1 [ 109|052 L |(6T6) 92| (1'L) T | (00000 | (9°Ly) 01 | (€€€) L | (061 ¥ [(0°001) 9 (0°0) 0 | (0°0) 0 Eowmwmwﬁw 6
QW@ @mms :wws (9808 | (12 9 [(0°08) ¥1|(0°08) ¥T|(F9p) €1 (9O T | (€¥D) € (1L TT| (982 9| (€°€8) S [(L9D T | (0°0) 0 SwIXgd)| '8
ﬁ.mwt Gwms @%v (osv 1z |F199] (961 S.MM: (000 | (000 [(0001) 12| (000 | (0°0)0 |(0°001)9| (0010 | (00)0 owtdoyo)y| L
%wmwv (CRIXS cm.wv (0001 82| (0000 | (00)0 S.MM: (000 | (000 [(Ts6)oz| (000 | (81 |(0001)9| (0000 | (00)0 UIpored)d| 9
:%we Amu.ws wav (209 L1 |F1D 9| (6LD S (128 €T| (€vD v | (9O T [(018) LT [(€¥D €| (8'p) T |(00001) 9| (00)0 | (0°0) 0 Iopey)| g
am.wwv @%ms @MN: (€v9) 81 | 71D 9 | (€¥D ¥ |(€68) sT| (LoD €| (000) 0 [(0°001) T2| (00)0 | (000 | (€S| (L9DT| (00)0 WEeuodNZY| ‘f
S I d S I d S I | S I d S I R anoIqnuy | ‘oN
[eI0L ame) 180D oregng doayg D

(%) sarejost sna.np “§ Jo uroned weisoqnuy

(panunuoo) s90IN0S SNOLIBA WO SIJB[OSI sn2.nD s122020]Aydpig 10§ surdyed AJIABISULS O10IqIIUY ‘[ J[qeL

499

Vet. arhiv 90 (5), 493-508, 2020



S. K. Sharma et al.: Detection and analysis of antibiotic resistance variability among Staphylococcus aureus isolates

from animal and human sources

UAM%@ (61 € @%: (6c6)9z | (') | (000 S.MM: 000 | (0000 [(s06) 61| (000 | (s6)T |(0°001)9] (0°0)0 | (00)0 UI[IoexQ)| "¢
6%@ Awws :%3 oLt |19 6LDs |00 v1| (1296 | (6LDS| 001 [(6T 6| (s6)T | (00S) €| (005 €| (0°0) 0 UIOEXOPION| ‘T¢
ﬁ_m.%e 901 ﬁe (t'96) LT | (0000 | (9791 s.mws 000 | (000 [(000DIZ| (000 | (00)0 |(0°001)9| (00)0 | (00)0 | UIOIBINJONIN| "€
aw% 8%@ :M: €¥9) 81 [ (6L S| (6LD s |(6T6) 9z| (1'L) T | (0000 | (6T €T | (€€ L | (8% T (000D 9| (0°0)0 | (0°0)0 UIIIOTRIN| “0€
SMMAW: ©0)0 sﬁ.ve (0001 82| (00)0 | (00)0 S.MM: ©00 | (0000 (000D 12| ©'0)0 | (000 (000D 9| (') 0 | (0'0) 0 wouado | 67
Am.wwv 000 @M: (6'L9) 61 | (0000 | (1'T€) 6 |(€68) 52| (0°0)0 |(LOD €| (TS6) 0T | (00)0 | (8) 1 |(0:00D)9| (00)0 | (0°0)0 prjozoury| '8¢
cﬂ.mmmv GM: “,am.c (ree) ez | wone| (ro e [(626) 92| (1T | (000 [(018) L1 | (06D ¥ | 00 [(0001)9] (0000 | ()0 |  urExOPOAdT| “LT
,,Awwe €Dz Aw@ (000D 82| (000 | (0°0)0 S.MM: 000 | (000 |(000D 12| (00)0 | (00)0 |(0001)9| (00)0 | (0°0) 0 wuadruy| 97
Awwmv CyAk! @M: (eL9el [(6LD) S| (€YD Y S.MM: 000 | 000 |(s06)61 | (s6)T | (000)0 |(0001) 9| (0°0)0 | (00)0 URIWEIURD| *¢T
@%@ @%@ aw.w: o9 L1 |z 6| (rD) T |[(€68) szl (oD €| 000 [(018) L1 | 06D+ | ©0)0 [(0001)9] (0)0 | (©'0) 0 wouadore| ‘pg
uﬁwwﬁ@ 9o :M.We (st | oz | LD s |wve) L) (O 1 | (000 (00001 12| (00)0 | (0°0) 0 (000D 9| (0°0) 0 | (0°0)0 ?Mm__%mmmwm €T
8%@ @%Wa QWN: W19 [(€%9) 81| (€¥D ¥ [(0°05) +1{(0°09) ¥1| (0000 | (F'TS) 11 [(1'8€) 8| (s'6) T [ (LoD 1 |(€€8) S| (0°0) 0 UI[Iex0[)| "TC
Aw.%wv @M@ _ém.: (209 L1 [(T's©) 01| (OO 1 [(€¥9)8T|(LsO 01| (0000 (61T [(1'8€)8| (0000 | (L9 |(€€E)T| (0°0) 0 uroAwepur[d| “1g
G%N: aw@a @Mm@ (009 1 (€69 11| (LoD € [ (05D L|(€P 8T (LoD €| (06D ¥ [(TILT| 8T [ (LoD T |(€€8)s | (0°0) 0 uroexopgoxdiy| oz

S I R S I B S I d S I d S I d owmﬁummm .o.M

[e10]. ame) 1200 oregng doayg

(%) sorejosI sna.np “§ Jo ureped weisoquuy

(PanuIIUOd) $30INOS SNOLIBA WOIJ SAIB[OSI $NAMND SNI2020]AYdp)g 103 suraned AJIAIISUSS ONOIqUUY '] S[qeL

Vet. arhiv 90 (5), 493-508, 2020

500



S. K. Sharma et al.: Detection and analysis of antibiotic resistance variability among Staphylococcus aureus isolates

from animal and human sources

501

UI[[I0IBO1], PUB UIOBXOPOAST ‘UIAWEPUI[D) ‘QUEXOLIY)) ‘PIOY OIUB[NAR]D) +dWIXEJ0JO)) ‘Wiejorqng +ouozesedoja)) 10J JULISISAI JO "OU SSI[ JNq SIANISUIS pue

SOIRIPIULIAIUL JO "OU dIOW SUIABY YIIYM JB[OS] -P ‘UIDAWRIQO], Puk g- UIXWA[0 ‘Wejoeqoze], +urf[ioeiddid ‘uiroex ‘wouadiw] ‘pLIO[Yo0IpAH UI[A0AX0( ‘PIoY JlUBNAR]D

+OWIPIZBO)) ‘UIYIORJO)) “(JUBISISAI 010M (HH PUB ¢H ‘TH) UeWny WO} SOJe[OSI 991y} A[U0) Woeqng +ul[[Io1dury 10J 9AISUIS 10M SIJB[OSI 04,GQ Uy} IO -0 ‘(JUBISISAI

sem (6£D) e[osI 9y duo 1deoxa) urojueInjoniN pue wouddosoy ‘( Jue)sisar sem (§7H) dre[ost uewny ouo 1deoxa) [0d1usydweIo[y) J0J SANISUIS UM SAIR[OSI %, (0] -q
“(0AISUDS 210M Y€ 2[Id WOIJ A)JB[OSI JUO PULB 9¢g-0[ePNq WO} U0 ‘pAS -dooys WoIj AJe[0SI JUO) D)- UI[[ITUSJ PUE (SANISUS 1M /D) PUB 6 “YED-I[1Ld WOIJ SA).[OSI
92IY) pue /DY -1BOD) WOIJ 2J[OST dUQ) UI[[IAIAUIY I0J JURISISIT dI0M SOIR[OST 9/4()'G6 U IO -€ -:1d11os1odng "0ADISUSS - ‘QJRIPIULIAU] -] YULISISIY -3 :SUONBIAIQQY

:m.wv @m%v @mw@ (rpe (e ee| LoD e| (000 |(98L) | 1D 9| (000 |6k 6|(1Ls)zT| (00000 | (00000 |(0°001) 9 UIOAWOdUEBA | “Th
umwﬁ@ 000 :%: (0001) 82| (0000 | (000 s.mw: 000 | (000 |(0001) 12| (0000 | (000)0 [(00001)9| (00)0 | (000 urdAwelqor| [y
059 | /. 0°$9| .. ) ) . ) . . ) ) ) ) ) PIOY JIUR[NAB[D| .
201 |00 779802 | (000 | (7109 |(6T6) 92| (0000 | (LT | (Ls8)81 | (0000 | (€7D €](0°001) 9] (0°0)0 | (0°0)0 " unproxeory | OF
Awwwv a%m: @:w.e s ve |[Long| 9OO1 SMME 000 | (000 [(000D 12| (0000 | (0000 [(000D)9] (0000 | (0000 UI[IOIRILL | “6€
ao.ws Aw.wc @%: (12991 [ (€YD ¥ [ (98D 81((982)9Z| (1')z | (0000 [(Tse)oz| (81 | (0000 [(000D)9] (0000 | (00)0 QUIOAdBIR] | "§€
%mwﬁ@ 000 sww: 0001 82| (000 | (000 |(98L) 2| (0000 |FT1D 9| (S06) 61| (0000 | (S6)T |(c€8)S| (000 |(L9D) T g- urxwA[od| ‘¢
AL16) | (. (€8 | ) ) (0'001) ) . ) ) . ) ) ) wrejoeqoze],| .

ppp | 000 | 7 [(00008Z| (00)0 | (000 | “o | (0000 | (000 [(000D) 12| (0°0)0 | (0°0)0 |(000D) 9| (0°0)0 | (0°0)0 +unnoesadrg| €

LD 69 41| CED| (e60) 11 | (oD € [(009) ¥1| (980 8 | (1720 6 |69 11] 06D ¥ | &0 1 |(ron) 91 (£€8) s | (00 | (o) 1 urpoesadig| “g¢ S

8T SI1 A : ]

o

e . .~ 0

EDe|oo|(1se)] 91 | (000 LT 0o | (0o 8%3 @1 | (000 |(Tse)oz] DI | (000 © mmmwv D- UI[[IOTudd| f¢ w

SS1 29

2

S I | S I | S I | S I | S I | dnoIqnuy | "oON i~

JooweN| 'S —

[e1oL dme)d Je0n) ofegng daoyg S

2

(%) sorejosI sna.np “§ Jo ureped weisoquuy hm

(ponunuoo) s90INOS SNOLIBA WOLJ SIJB[OSI Sna.np s122020]Aydpig 10} suidyed AIATISULS O10IqIIUY “[ d[qeRL m



S. K. Sharma et al.: Detection and analysis of antibiotic resistance variability among Staphylococcus aureus isolates
from animal and human sources

Table. 2. Analysis of variance of diameter of inhibition zone (mm) of antibiotics for S. aureus isolates

S. N° | Source of variation/Antibiotic MSS S. N° | Source of variation/Antibiotic MSS
1. |Ampicillin 288.043** 22. |Cloxacillin 476.205**
2. |Ampicillint+ Sulbactum 271.987%* 23. |Doxycycline Hydrochloride 141.901%**
3. |Azithromycin 789.142%* 24. |Faropenem 536.097**
4. |Aztreonam 157.118%%* 25. |Gentamicin 50.272%*
5. |Cefaclor 429.189%* 26. |[Imipenem 937.524%%*
6. |Cefalothin 353.234%* 27. |Levofloxacin 17.739*
7. |Cefepime 180.461%* 28. |Linezolid 41.257**
8. |Cefixime 411.040%* 29. |Meropenem 121.492%*
9. |Cefixime+ Clavulanic Acid 298.578%** 30. [Methicillin 160.922%**
10. |Cefoparazone 152.219** 31. [Nitrofurantoin 11.777*
11. |Cefoparazone+ Sulbactam 165.105%* 32. |Norfloxacin 194.456%*
12. |Cefotaxime 268.889%* 33. |Oxacillin 351.371%%*
13. |Cefotaxime+ Clavulanic Acid 207.341%* 34. |Penicillin -G 256.907**
14. |Cefoxitin 304.429%* 35.  |Piperacillin 399.747**
15. |Ceftazidime 134.165%* 36. |Piperacillint+ Tazobactam 149.886%**
16. |Ceftazidime+ Clavulanic Acid | 163.499%* 37. |Polymxin -B 24.501%*
17. |Ceftrioxane 302.930** 38. |Tetracycline 197.135%*
18. |Cefzolin 349.944%* 39. |Ticarcillin 322.626%*
19. |Chloramphenicol 25.004** 40. |Ticarcillin+ Clavulanic Acid 350.513**
20. |[Ciprofloxacin 64.327%* 41. |Tobramycin 77.792%*
21. |Clindamycin 9.628Ns 42. |Vancomycin 10.179%*

i. - Degree of freedom (df) = 9; ii. - * = Significant (P<0.05); iii. - ** Highly significant (P<0.01); iv. - NS = Non-significant
(P>0.05); MSS = Mean Sum of Square;

Table 3. Detection of group Multiple Antibiotic Resistance Index (MAR) value among sources of S. aureus isolate

S. | Source of | Total No. | Aggregate antibiotic | Group MAR
No.| Isolate |ofisolate| resistance score | index value Significance
1. | Human 35 585 0.40
2. |Meat piece 20 192 0.24
3. Horse 3 27 0.21
4. Pig 2 19 0.23 .
Greater than 0.2 MAR Index of group indicates
5. Camel 8 84 0.25 that several antibiotics were used in that group and
6. Dog 6 23 0.10 more than 0.2 MAR group is an high risk potential
source of spread MDR
7. Sheep 6 19 0.08
8. | Buffalo 21 89 0.10
9. Goat 28 100 0.09
10. | Cattle 28 187 0.16

Decreasing Order of MAR index Value: - Human > Camel > Meat pieces > Pig > Horse > Cattle > Dog = Buffalo > Goat > Sheep
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Table 4. Detection and Distribution of Multiple Antibiotic Resistance Index (MAR) value among individual S.

aureus isolates

MAR Index No. of antibiotic, MAR

S. | Value Type No. of | which the isolate was Index
No. (MAR) Isolate I.D. Isolate resistant Value Significance

1. MARI1 H2 1 34 0.81

2. MAR2 H1 and H8 2 32 0.76

3. MAR3 H3 and H4 2 31 0.74

4. MAR4 HS5 1 29 0.69

5. MARS H29 1 28 0.67

6. MARG6 H6 1 25 0.6

7. MAR7 H27 1 23 0.55

8. MARS J4 1 21 0.50

9. MARY9 H25, Mt26 2 20 0.48

10 MARI10 H7 and H48 2 19 0.45

11. | MARI1 H24, H39, H46 and C29 4 18 0.43

12. MARI12 H40 1 17 0.40 66 (42%) isolates had 0.2 or

13 | MARI3 H30 and Mt2 2 16 0.38 | more than 0.2 MAR index

value with high risk potential
14. | MARI14 H28, J14 and C39 3 15 0.36 source of spread MDR
15.| MAR1s | 1133 H37. 145 Mt3, €37 6 14 0.33
and C43
16. MARI16 Mt4, Mt9 and J18 13 0.31
17. MARI17 Hrs3 and C12 2 12 0.29
H12, H21, H34, H44, Mt27,
18. | MARI8 Pg2 and C52 7 11 0.26
H14, H22, Mt19, J3, B24,
19. | MARI9 C13. C4l and C46 8 10 0.24
20 | MAR20 HI11, H15, Mt13, C34 and 5 9 021
Hrs4
H41, Mtl, Mt10, Mt15,
21. MAR21 Mt22, Mt24, Mt25, Mt28, 11 8 0.20
Pg4, B27 and C5R
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Table 4. Detection and Distribution of Multiple Antibiotic Resistance Index (MAR) value among individual S.
aureus isolates (continued)

MAR Index No. of antibiotic, MAR

S. | Value Type No. of | which the isolate was Index
No. (MAR) Isolate 1.D. Isolate resistant Value Significance

H13, Mt14, Mt20, Hrs1, J9,
22. | MAR22 |J10,BI, B46, B55, C36 and 11 7 0.17
C40
23 | MAR23 H10, Mt11, Mt12, J15, AG8 6 6 014
and G9

H9, H16, H31, J2, D7, D9,
SN4, B23, B26, B30, B39,
AGI15, G24, G29, G39, G46,
G49, C23 and C26

Mt31, D4, B21, B28, B31,
25. | MAR25 |B34,B42, B43,B57, AG13, 14 4 0.10
G1, G7, G16 and G21

D6, D10, D13, SV2, SV3,
SN3, SN14, B29, B36, AG5,
26. | MAR26 | AG6,AG17, G2, Gll, G40, 24 3 0.07
G41, G55, C2R, C7, C8,
Cl11, C17,C20 and C50

SV4, B5, B10, B19, AG10,
G10, G35, G37, G43, G45,

24. | MAR24 19 5 0.12

91 (58%) isolates had less
than 0.2 MAR index value
with less risk source of MDR

27| MAR2T | G472 9, C15,C22and | 1O 2 0.05
C47
28. MAR28 C3R 1 1 0.02
Dendrogram using Average Linkage (Between Groups)
R i Cluster C
0 5 10 15 20 25
1 1 1 1 1
Buffalo BJ
Goat 9
Dog 6 —
Sheep 7l
Cattle 10
>
Meat piece ZJ
Horse 3
Camel 5
Pig 4
Human 1

Fig. 1. Hierarchical ascendant cluster analysis of antibiotic sensitivity pattern through mean values of the diameter
of the inhibition zone (mm) of antibiotics against S. aureus isolates
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Further, the Bonferroni correction was carried
out to find the exact value of the probability level
of variance among sources of S. aureus isolates
belonging to different Duncan’s Homogeneous
Subsets. It was found that isolates from human
sources were significantly variable, with P<0.0001
probability level of variance, in relation to other
pieces of meat and animal origin sources, for most
of antibiotics. Isolates from horse, camel and pig
sources were non-significantly variable with each
other for most antibiotics and the sheep, goat,
buffalo and cattle isolates were non-significantly
variable with each other for most of the antibiotics.

Hierarchical ascendant cluster analysis of
antibiotic sensitivity patterns, through the mean
values of the diameter of the inhibition zone (mm)
of antibiotics against S. aureus isolates from each
group of origin, was carried out using Squared
Euclidean Distance (SED) and the between-groups
linkage methods (Fig. 1). The sources of isolates
were clustered into three groups at 10.0 rescaled
cluster distance, one cluster comprising buffalo,
cattle, sheep, dog and goat sources isolates, the
second cluster included horse, camel, meat piece
and pig isolates, while the third cluster included
human sources isolates (Fig. 1). All three clusters
had significant variation (P<0.05) between them.
The first cluster of buffalo, cattle, sheep, dog and
goat sources exhibited the lowest resistance and the
third cluster of human isolates showed the highest
resistance for most of the antibiotics (Table 1).
An overall lower resistance was recorded among
animal origin isolates in comparison to human
origin isolates.

In the present investigation, all the S. aureus
isolates (eExcept one cattle/C3R) were multidrug
resistant (MDR) isolates. In risk assessment of
MDR isolates, all multidrug resistant isolates
were evaluated for both their group and individual
Multiple Antibiotic Resistance (MAR) index
(KRUMPERMAN, 1983). In the MAR group, S.
aureus isolates from human sources (0.40) had
the highest MAR index, and sources from camels
(0.25), meat pieces (0.24), pigs (0.23) and horses
(0.21) had more than 0.20 MAR in decreasing
order. Other groups of S. aureus isolates of animal
sources, such as cattle, dogs, buffalo, goats and

Vet. arhiv 90 (5), 493-508, 2020

sheep had less than 0.20 MAR, as described in
Table 3. In the individual isolate MAR index, with
atotal of 157 isolates, 66 (42%) isolates had a MAR
index value of 0.2 or more than 0.2, with a high risk
of being a potential source of MDR spread. These
isolates comprised most of the human and meat
isolates, while 91 (58%) isolates had a MAR index
value less than 0.2 with less risk of being a source of
MDR, and this included most of the animal origin
isolates (Table 4).

Discussion

S. aureus is able to induce structural changes in
the host and keeps on developing resistance against
the most commonly used antibiotics. Over the last
few decades, there has been a sudden increase in the
use of antibiotics in veterinary as well as medical
sciences, not only to control disease but also as a
prophylactic measure to prevent bacterial infections
secondary to viral infections. These resistant
microorganisms become part of the environment
and are transmitted from animals to humans, and
vice versa (MEHNDIRATTA et al., 2009). Thus, the
present study was designed to find variations and
associations between different sources in regards to
antibiotic resistance patterns, where we observed
high resistance, higher MAR values and significant
differences in resistance patterns between different
sources.

As in the present study, we observed higher
resistance for B-lactam antibiotics, GULER et al.
(2005) also recorded highest resistance against
B-lactam antibiotics, penicillin and ampicillin for
S. aureus isolates from bovine clinical mastitic
milk isolates. Similarlyy, TURUTOGLU et al.
(2006), EBRAHIMI et al. (2007), PEREIRA et al.
(2009) and HUSSAIN et al. (2012) also recorded
maximum resistance for beta-lactam antibiotics
against S. aureus isolates from various sources.

MOHANASOUNDARAM and LALITHA
(2008) studied 150 isolates of S. aureus from
human clinical infections, and similar results were
reported for norfloxacin (100% resistance) and
chloramphenicol (18% resistance). However, they
also reported higher resistance towards tetracycline
(82%), gentamicin (88%) and ciprofloxacin (97%).
Similar to the present study, a non-significant
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difference was observed in antibiotic sensitivity or
resistance patterns against isolates from cattle and
goats in the work by UPADHYAY and KATARIA
(2009). Almost 80-90% of the milk isolates showed
multiple drug resistance to the majority of the
antimicrobial agents tested, such as: ampicillin,
cloxacillin, kanamycin and vancomycin, while
several isolates were found susceptible to
tetracycline, oxacillin and ciprofloxacin (SHARMA
etal., 2011).

YADAV et al. (2015) reported a similar
antibiogram in the same area of study, who studied
32 S. aureus isolates obtained from mastitis
infections in cattle and buffalo using 33 different
antibiotics. They reported doxycycline, gentamicin,
methicillin and tobramycin to be more effective
against all isolates, and maximum resistance was
exhibited against polymxin-B and cefixime, similar
to our study results. Similar to the present study,
ADAMS et al. (2018) studied the epidemiological
associations between S. aureus isolates in relation to
animal breed, species of organism, sample source,
and time period. They reported significant (P<0.05)
associations between the odds of AMR and horse
breed, species of organism and year. Similarly,
significant (P<0.05) associations were identified
between the odds of MDR and breed and age.

Similar to the present study ADEYEMI et
al. (2015) reported more than 0.2 MAR index
among S. aureus isolates obtained from diseased
human individuals. Similarly, VIJAYALAKSHMI
et al. (2013) screened 12 S. aureus isolates from
human wound samples for nine different groups
of antibiotics, and found that 100% isolates were
multidrug resistant with an MAR index of more
than 0.22. Close to our results, UDOBI et al. (2013)
reported the MAR index of S. aureus isolates
obtained from various clinical samples from human
sources, and detected that 79.6%, 60.6%, and 76.5%
of wound, skin, and bed isolates had an MAR index
greater than 0.25%.

SHAMILA-SYUHADA et al. (2016) studied
the antibiotics resistance among S. aureus isolates
isolated from raw milk samples obtained from
small scale dairy farms, and reported MAR indexes
ranging from 0.08 to 0.67. ALI et al. (2015)
studied S. aureus isolates from mastitic milk
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samples of buffalo in Egypt, and found that most
of the isolates had an MAR index more than 0.28 in
comparison to the present study, while only a few
isolates had MAR lower than 0.2. This index is an
epidemiological tool used for analysis of the risk to
the environment through bacterial contamination,
and it is also used to assess whether a group of
isolates/an individual isolate originated from an
environment where several antibiotics were used
or not. The index of an isolated group of bacteria/
individual bacteria, if greater than 0.2, implies that
the strains of those bacteria originated from an
environment where several antibiotics were used,
and the group with MAR higher than 0.2 is an high
risk potential source of spread of MDR.

Presently, there is growing concern among
scientists regarding the increasing resistance
in pathogens. The concerns are multifaceted,
viz. inaccurate diagnosis, defective dosage,
indiscriminate use, development of new drugs etc.
Indiscriminate antibiotic use in dairy and other
animals, as well as humans, leads to treatment
failure, escalated treatment costs and development
ofresistance to antimicrobials. Thus, the multiplicity
of the causes and emergence of resistance due to
indiscriminate and prolonged use of antibiotics in
the absence of an antibiogram is a major hurdle in
the physical, chemical and microbiological control
of infections.

In the present investigation, the highly significant
difference in the antibiogram patterns between
different sources of S. aureus may indicate the
pattern and frequency of use of various antibiotics
in humans and animals. The initial generations of
antibiotics showed lower efficacy than the newer
generations of antibiotics. The analysis of the
antibiograms revealed that the susceptibility and
resistance shown by the isolates was dependent
on the use of the antibiotics and the source of
the sample, i.e. the lower the use, the greater the
susceptibility of the isolates detected. There have
been many studies looking at S. aureus of various
origins regarding their antibiogram patterns, and
they have found that S. aureus is endowed with
the capability of developing resistance towards an
antibiotic, even when isolates are exposed for short
periods. Further, the present study suggests that not
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only the phenotypic comparative characterization
of S. aureus isolates from different sources but also
the genotypic aspect should be explored, in relation
to antibiotic resistance.
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SAZETAK

S obzirom na vaznost bakterije Staphylococcus aureus u smislu otpornosti na antibiotike, cilj je ovog istrazivanja
bio otkriti varijacije medu njezinim izolatima s obzirom na rezistenciju prema brojnim lijekovima. IstraZzivanje je
obuhvatilo ukupno 157 vrsno specifiénih 23S rRNA S. aureus izolata iz razli¢itih klinickih i neklini¢kih izvora
zivotinja (goveda, bivoli, koze, ovce, psi, deve, svinje i konji), ljudi i mesa iz mesnica. Zabiljezeno je vise od 95 %
izolata otpornih na ampicilin i penicilin-G dok je gotovo 100 % izolata bilo osjetljivo na kloramfenikol, meropenem
i nitrofurantoin. Izolati iz razli¢itih izvora pokazali su znakovite varijacije (P < 0,01) u rezistenciji na 39 antibiotika,
znakovite varijacije (P < 0,05) za levofloksacin i nitrofurantoin, no nije bilo znakoviith varijacija (P > 0,05) za
klindamicin. Primjenom Bonferronijeve korekcije izolati iz ljudi bili su znakovito razli¢iti (P < 0,0001) u odnosu na
uzorke iz mesa i drugih izvora animalnog podrijetla za veéinu antibiotika. Izolati podrijetlom od ljudi imali su najvisi
MAR indeks (0,40). UocCena je vrlo znakovita razlika u antibiogramima medu razli¢itim izvorima bakterije S. aureus
§to moze uputiti na nacin i u€estalost primjene razlicitih antibiotika u ljudi i zivotinja.

Kluéne rijedi: Staphylococcus aureus; rezistencija na antibiotike; zivotinje; ljudi; DMRT analiza

508 Vet. arhiv 90 (5), 493-508, 2020



