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ABSTRACT Both pathogenic as well as nonpatho-
genic species of staphylococci have been reported in
poultry, but these studies have not compared staphylo-
coccal flora of both farmed and household broiler
chickens. Staphylococci from farmed (n 5 51) and
household chicken intestines (n 5 43) were isolated and
tested for resistance to antimicrobials, presence of resis-
tance genes, and inhibitory activity against other bacte-
ria; correlation of resistance phenotype and genotypewas
also evaluated. At least 12 staphylococcal species were
identified; Staphylococcus carnosus subspecies carnosus
was the predominant species from both sources. Most
farmed chicken staphylococci were resistant to tigecy-
cline (38/51; 74.8%) while the highest level of resistance
among the household chicken staphylococci was to clin-
damycin (31/43; 72.1%). The mecA gene was only
detected in staphylococci from household chickens,
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whereas ermC and tetK or tetM were found in staphylo-
cocci from both groups of birds. Multidrug resistance
(resistance � 2 antimicrobial classes) was observed in
88% of resistant staphylococci ranging from 2 to 8 classes
and up to 10 antimicrobials. Isolates produced inhibitory
activity against 7 clinical bacterial strains primarily
Enterococcus faecalis (25/88; 28.4%) and Escherichia
coli (22/88; 25%). This study demonstrated that the
staphylococcal population among farmed and household
chickens varies by species and resistance to antimicro-
bials. These results may reflect the influence of the envi-
ronment or habitat of each bird type on the intestinal
microflora. As resistance in the staphylococci to antimi-
crobials used to treat human infections was detected,
further study is warranted to determine strategies to
prevent transfer of these resistant populations to humans
via contamination of the poultry meat.
Key words: staphylococcus, broiler chi
cken, antibiotic resistance, normal flora
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INTRODUCTION

The poultry intestinal microflora is diverse, consisting of
large numbers of microbial types, predominantly anaerobic
bacteria, but the exact types of microorganisms present in
poultry intestines largely depend on their diet and the envi-
ronment in which they live (Salanitro et al., 1978). These
normal flora bacteria may help in digestion and may also
serve to protect animals from pathogenic bacteria. Howev-
er, the presence of the bacteria in the poultry intestines is a
risk for contamination of the resulting product if the intes-
tinal contents become disseminated (Pan and Yu, 2014).
This risk may be elevated if the bacteria are also resistant
to antimicrobials.

Previous studies have shown that staphylococci are a
common inhabitant of the chicken intestinal tract
(Salanitro et al., 1974; Devriese et al., 1975; Salanitro
et al., 1978). However, their presence in the intestines
may not be without consequence as staphylococci can
have dual roles as commensals and pathogens
(Rosenstein and Gotz, 2013). Although they can be found
as natural inhabitants of the skin of humans and animals,
they (i.e.,Staphylococcus aureus)may also cause infections
in those same tissues as well as other diseases. In poultry,
studies have also demonstrated an association of both
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coagulase positive staphylococci as well as coagulase nega-
tive staphylococci with poultry diseases (Al-Rubaye et al.,
2015; Nazia et al., 2015). The coagulase negative staphylo-
cocci, Staphylococcus simulans, has been associated with
endocarditis in chickens (Stepien-Pysniak et al., 2017)
while a study conducted by Cheville et al. (Cheville et al.,
1988) reported fibrinopurulent blepharitis and conjuncti-
vitis caused by Staphylococcus hyicus (coagulase variable)
in poultry. Both S. simulans and S. hyicus have also been
reported to cause diseases in humans (Casanova et al.,
2011; Tous Romero et al., 2016). Furthermore,
antimicrobial-resistant staphylococci such as methicillin-
resistant S. aureus (MRSA), once considered a laboratory
and health-care–associated pathogen, have now been
found commonly isolated from poultry and livestock as
well as food sources (Cuny et al., 2015). Both livestock-
associated and human lineages of MRSA have been iso-
lated from poultry (Nemati et al., 2008).

In our previous studies, staphylococci were isolated
from eggs of farmed and household chickens and examined
for species prevalence and antimicrobial resistance (Syed
et al., 2018; Syed et al., 2019). Those eggs may have
become contaminated from the environment or the feces
of the birds. Presence of staphylococci in poultry has
been reported previously (Devriese et al., 1975; Kawano
et al., 1996), but no comparative study covering both
farmed and household chickens has been carried out. In
addition, both poultry typesmay cause zoonotic staphylo-
coccal infections inhumans throughpoultrymeat or direct
contact with animals and serve as a possible reservoir of
antimicrobial-resistant strains that may also be spread
to humans, other animals, or the environment (Kim
et al., 2018). The present study aimed to compare species
diversity, phenotypic and genotypic antimicrobial resis-
tance, and inhibitory activity of staphylococci from intes-
tines of farmed and household chickens.
MATERIALS AND METHODS

Sample Collection

One hundred poultry intestines (50 each from farmed
chickens and household chickens) were collected from
September to December 2017 from poultry meat shops
in Haripur and the Abbottabad districts of Khyber Pak-
htunkhwa province of Pakistan where they were slaugh-
tered. Farmed chickens were reared on poultry farms,
and the household chickens were kept by the local vil-
lagers. Approximately 5 cm of intestines were removed
from each slaughtered bird; both ends of the small intes-
tines were tied with a string before removal, and the sur-
face was disinfected by dipping in 70% ethanol for 30 s.
The intestinal samples were then sealed in sterile bags
and transported to the microbiology laboratory of the
University of Haripur in cold containers.
Processing of Intestinal Segments

Each intestinal segment was placed in a sterile Petri
plate in a safety cabinet and opened using sterile forceps.
Intestinal contents were collected using a sterile spatula
or sterile cotton swabs in Amies Transport Medium
(Oxoid, Basingstoke, UK). Swab samples were inocu-
lated on selective medium (i.e., mannitol salt agar) and
incubated at 37�C for 24 h. Colonies appearing after
24 h were restreaked to obtain a pure culture and then
subjected to preliminary identification using micro-
scopy, catalase, coagulase, and DNAse testing. At least
one colony was selected from each sample depending
on morphology on the mannitol salt agar plate. Bacterial
isolates were identified to the genus and species level us-
ing the Vitek 2 system (bioM�erieux, Durham, NC) and
the Vitek 2 gram-positive identification cards according
to the manufacturer’s directions.
Antimicrobial Susceptibility Testing

Minimum inhibitory concentrations (MICs, mg/mL)
for the isolated staphylococci were determined by broth
microdilution using the Sensititre semi-automated
antimicrobial susceptibility system (Trek Diagnostic
Systems, Inc., Cleveland, OH) and the Sensititre
Gram-Positive Plate GPN3F according to the manufac-
turer’s directions. Antimicrobials and breakpoints
were cefoxitin (�8 mg/mL), clindamycin (�4 mg/mL),
daptomycin (.1 mg/mL), erythromycin (�8 mg/mL),
gentamicin (�16 mg/mL), levofloxacin (�4 mg/mL),
linezolid (�8 mg/mL), moxifloxacin (�2 g/mL), mupiro-
cin (256 mg/mL), nitrofurantoin (�128 mg/mL),
oxacillin (�4 mg/mL), penicillin G (�0.25 mg/mL), Syn-
ercid (quinupristin/dalfopristin) (�4 mg/mL), tetracy-
cline (�16 mg/mL), tigecycline (.0.25 mg/mL),
trimethoprim/sulfamethoxazole (�4/76 mg/mL), and
vancomycin (�16 mg/mL). MIC values were manually
recorded by using the Sensitouch system (Trek Diag-
nostic Systems, Inc., Cleveland, OH). Clinical and Lab-
oratory Standards Institute standards were used to
determine resistance (CLSI. 2018). Only susceptible
breakpoints for daptomycin (�1 mg/mL) and tigecycline
(�0.25 mg/mL) have been established by Clinical and
Laboratory Standards Institute; resistance for these 2
drugs were defined as MICs greater than those values.
S. aureus ATCC 29213 was used as a quality control
strain.
Antimicrobial Resistance Genes

Staphylococcal isolates were tested for the presence of
resistance genes to macrolides [erm(A), erm(C)], amino-
glycosides (aacA-aphD), oxacillin [mecA, mecC/C1],
tetracycline [(tet(K), tet(M)], and streptogramins
[vat(A), vat(B), vat(C)] using multiplex PCR as previ-
ously described (Strommenger et al., 2003; Harrison
et al., 2014). Positive controls were as follows: aacA-
aphD-Enterococcus faecalis ATCC 49532, erm(A)-S.
aureus RN1389, erm(C)-S. aureus RN4220, mecA-S.
aureus ATCC 33591, mecC/C1-S. aureus NCTC 13552
(generously supplied by Gavin Paterson), tet(K)-S.
aureusRB36-1 (Jackson et al., 2013), tet(M)-En. faecalis
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OG1-SSp, vat(A)-S. aureus CIP 107907, vat(B)-S.
aureus CIP 108540, and vat(C)-S. aureus CIP 107908.
Bacteriocin Activity

Staphylococcal isolates (n 5 88) were screened for
inhibitory activity against clinical bacteria including
Escherichia coli, En. faecalis, Streptococcus pneumo-
niae, Pseudomonas aeruginosa, Acinetobacter bauman-
nii, Salmonella enterica serotype Typhi, MRSA, and
Klebsiella pneumoniae using the cross-streaking method
as previously described (De Vliegher et al., 2004).
Briefly, staphylococcal isolates were plated onto sheep
blood agar (SBA; Becton Dickinson, Sparks, MD) and
incubated overnight at 37�C. Bacterial colonies were
diluted in phosphate buffered saline (PBS) until a den-
sity of McFarland 0.5 standard was obtained. The sus-
pension was then used to inoculate a 5-mm-wide center
streak on an SBA plate, which was then incubated at
37�C for 24 h. After incubation, the inoculated agar
was loosened and flipped upside down onto the lid of
the plate. Test bacteria were then applied by diluting
an overnight culture grown on SBA to a 1023 dilution
in PBS of McFarland 0.5 standard and streaking
100 mL of the suspension to the surface of the inverted
agar. After incubation at 37�C for 24 h, plates were
examined for bacterial growth and inhibition of growth
of the test bacteria. PBS was used as the negative control
for the center streak; each staphylococcal isolate was also
self-cross-streaked to exclude nutrient availability for in-
hibition of growth.
Statistical Analysis

The results of resistance phenotypes and genotypes
were converted into binary values for correlation anal-
ysis, where antimicrobial resistance and the presence of
resistance gene scored “1” and the sensitivity to antimi-
crobial and absence of resistance gene were represented
as “0”. The correlation of binary values (0/1) of resis-
tance phenotypes and genotypes was calculated using
the “cor” function from the software “R” (R version
Table 1. Staphylococcal species isolated fro

Species

Staphylococcus caprae/Staphylococcus
cohnii ssp cohnii
Staphylococcus carnosus ssp carnosus
Staphylococcus chromogenes
Staphylococcus cohnii ssp urealyticus
Staphylococcus gallinarum
Staphylococcus kloosii
Staphylococcus lentus
Staphylococcus saprophyticus
Staphylococcus simulans
Staphylococcus simulans/Staphylococcus
saprophyticus
Staphylococcus species
Staphylococcus warneri
Staphylococcus xylosus
3.6.1; https://www.r-project.org/); significance was
determined using the function “cor.test”. The significant
correlations were visualized using the “corrplot” function
from the “corrplot” package in the software “R”.
RESULTS

Bacterial Isolation and Identification

Staphylococci were isolated from the intestines of 70%
(35/50) farmed and 64% (32/50) of household chickens.
Of those, a total of 51 staphylococcal isolates were recov-
ered from farmed chickens and 43 from household
chicken intestines (Table 1). Twelve staphylococcal spe-
cies and presumptive species were identified using the
Vitek 2 system from both chicken types. The most prev-
alent Staphylococcus species was Staphylococcus carno-
sus subspecies carnosus for both farmed (16/51; 31.4%)
and household (15/43; 34.9%) chickens followed by
Staphylococcus xylosus (11/51; 21.6%) and Staphylo-
coccus cohnii subspecies urealyticus (8/51; 15.7%) for
farmed chickens and S. cohnii subspecies urealyticus
(9/43; 20.9%) and Staphylococcus lentus (6/43; 14%)
for household chickens.
Antimicrobial Phenotype and Genotype of
Staphylococcal Isolates

Isolates were tested for susceptibility against a panel
of 17 antimicrobials; farmed chicken staphylococci
were resistant to 12 antimicrobials while staphylococci
from household chicken intestines were resistant to 10
of the 17 tested ones (Table 2). Resistance was observed
for a number of antimicrobials used in human clinical
medicine. More than 50% of the isolates were resistant
to 4 antimicrobials including erythromycin (66.7 and
69.8%), clindamycin (68.6 and 72.1%), tetracycline
(66.7 and 65.1%), and tigecycline (74.5 and 58.1%) for
farmed and household chickens, respectively.

Resistance to the macrolide antibiotics, erythromycin,
and clindamycin was due in part to the presence of
ermC (Table 2). Approximately 67.6 and 83.3% of
m farmed and household chicken.

Farmed (n 5 51) Household (n 5 43)

2 (3.9) 0 (0)

16 (31.4) 15 (34.9)
0 (0) 2 (4.7)
8 (15.7) 9 (20.9)
4 (7.8) 3 (7.0)
3 (5.9) 1 (2.3)
0 (0) 6 (14)
0 (0) 1 (2.3)
2 (3.9) 1 (2.3)
2 (3.9) 0 (0)

3 (5.9) 0 (0)
0 (0) 1 (2.3)
11 (21.6) 4 (9.3)

https://www.r-project.org/


Table 2. Antimicrobial resistance of staphylococcal species isolated from farmed and household chicken.

Antimicrobial1
No. resistant (%)

No. (%) resistant
isolates with targeted

gene

Breakpoint (mg/mL) Farmed (n 5 51) Household (n 5 43) Targeted gene2 Farmed Household

Oxacillin � 0.5 17 (33.3) 19 (44.2) mec A 0 (0) 3 (15.8)
Cefoxitin � 8 0 (0) 3 (7) mecA 0 (0) 0 (0)
Penicillin � 0.25 8 (15.7) 19 (44.2) mecA 0 (0) 3 (15.8)
Erythromycin � 8 34 (66.7) 30 (69.8) erm C 23 (67.6) 25 (83.3)
Clindamycin � 4 35 (68.6) 31 (72.1) erm C 23 (65.7) 25 (80.6)
Synercid (quinupristin/dalfopristin) � 4 15 (29.4) 16 (37.2) vat A, B, C 0 (0) 0 (0)
Daptomycin � 1 1 (2) 0 (0) n/t – –
Levofloxacin � 4 8 (15.7) 14 (32.6) n/t – –
Moxifloxacin � 2 4 (7.8) 11 (25.6) n/t – –
Mupirocin 256 1 (2) 0 (0) n/t – –
Tetracycline � 16 34 (66.7) 28 (65.1) tet K/tet M 20 (58.8) 9 (32.1)
Tigecycline � 0.25 38 (74.5) 25 (58.1) n/t – –
Trimethoprim/sulfamethoxazole � 4/76 1 (2) 0 (0) n/t – –

Abbreviation: n/t, not tested.
1No isolates were resistant to gentamicin, linezolid, nitrofurantoin, or vancomycin.
2Seven farmed isolates and 7 household isolates from chickens were positive for aac-aph, but susceptible to gentamicin.
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erythromycin-resistant staphylococci and 65.7 and
80.6% of clindamycin-resistant staphylococci from
farmed and household chickens, respectively, harbored
ermC. Although isolates were also tested for the pres-
ence of ermA, none of the isolates were positive for
that gene. Likewise, although 29.4% (15/51) and
37.2% (16/43) of isolates from farmed and household
chickens were resistant to the streptogramin antibiotic,
Synercid (quinupristin/dalfopristin), none of the resis-
tant isolates harbored vatA, vatB, or vatC. Of the 2
tetracycline resistance genes tested, tetK and tetM,
58.8% of farmed chicken staphylococci and 32.1% of
household chicken staphylococci contained one or both
of those genes. Surprisingly, although resistance to the
b-lactam antimicrobials (oxacillin, cefoxitin, and peni-
cillin) ranged from 0 to 33.3% in staphylococci from
farmed chickens and 7 to 44.2% in staphylococci from
household birds, none of the b-lactam–resistant isolates
from farmed chicken intestines and only 15.8% from
the household birds (3/19 isolates resistant to both
oxacillin and penicillin) contained mecA (Table 2).
None of the isolates were resistant to linezolid, nitrofur-
antoin, or vancomycin; however, although all isolates
were also susceptible to the aminoglycoside, gentamicin,
7 isolates, each from farmed and household chickens,
were positive for the aminoglycoside resistance gene,
aacA-aphD.

Multidrug resistance (MDR; resistance� 2 antimicro-
bial classes) was observed for 88% of resistant staphylo-
cocci from both farmed and household chickens
(Table 3). Resistance ranging from 2 to 8 classes and
up to 10 antimicrobials was noted in one isolate of S. coh-
nii ssp urealyticus from farmed chickens. The most com-
mon MDR pattern was CliEryTetTig which included 27
isolates from 6 staphylococcal species, predominantly
MDR S. carnosus found equally in farmed and house-
hold chickens (n 5 11 each). This represents one of
only 8 staphylococcal MDR patterns shared between
the 2 sources; the vast majority of MDR patterns were
observed for one or the other source, but not both. For
example, MDR pattern OxaPenTetTig was found in
one Staphylococcus kloosii from farmed chickens and
one Staphylococcus saprophyticus from household
chickens (Table 3). In contrast, MDR pattern CliEry-
LevMoxOxaPenSynTetTig, consisting of 9 resistances
in 7 antimicrobial classes, was found in 4 staphylococcal
species (6 isolates total) from household chickens only.
In addition to being predominant species isolated from
the intestinal samples from both sources, all S. carnosus
(n 5 31) and S. cohnii ssp urealyticus (n 5 17) were
MDR.

Bacteriocin Activity

Although none of the staphylococcal species tested for
potential bacteriocin activity in this study inhibited
growth of the Salmonella Typhi isolate, almost half of
the staphylococci tested (40/88; 45.5%) produced inhib-
itory activity to at least one of the remaining 7 clinical
indicator strains (Table 4). Bacteriocin activity for 4 of
the isolates was inconclusive and not included in the re-
sults. Most isolates that produced inhibitory activity did
so against the En. faecalis strain (25/88 isolates; 28.4%),
followed by inhibitory activity against the Es. coli strain
(22/88; 25%). Fewer isolates were active against K.
pneumoniae (9/88; 10.2%) as well as P. aeruginosa
and A. baumannii (8/88; 9.1% for each). Slightly higher
numbers inhibited growth of the MRSA isolate (12/88;
13.6%), whereas only 4 isolates (4.5%) demonstrated
inhibitory activity against S. pneumoniae.

Resistance Phenotype and Genotype
Correlation

Correlation analyses of the resistance phenotypes and
genotypes for the isolated staphylococcal species from
both farmed and household chickens were determined
(Figure 1 and Supplementary Figure 1). The phenotypic
resistance analyses showed significant positive correla-
tion between antimicrobials belonging to the same class



Table 3. Multidrug resistance patterns among staphylococci from farmed and household chickens.

Pattern No. resistances No. resistance by class Species

No. isolates

Farmed
(n 5 45)

Household
(n 5 38)

CliDapEryLevMoxOxaPenSynTetTig 10 8 Staphylococcus cohnii ssp urealyticus (1) 1 0
CliEryLevMoxOxaPenSynTetTig 9 7 Staphylococcus xylosus (1) 0 1

Staphylococcus lentus (1) 0 1
Staphylococcus cohnii ssp urealyticus (2) 0 2
Staphylococcus lentus (2) 0 2

CliEryFoxLevMoxOxaPenSyn 8 5 Staphylococcus cohnii ssp urealyticus (1) 0 1
CliEryFoxLevOxaPenSynTet 8 6 Staphylococcus cohnii ssp urealyticus (1) 0 1
CliEryLevMoxPenSynTig 7 6 Staphylococcus cohnii ssp urealyticus (1) 1 0
CliEryLevMoxOxaPenTet 7 5 Staphylococcus chromogenes (1) 0 1
CliEryLevMoxPenTetTig 7 6 Staphylococcus chromogenes (1) 0 1
CliEryLevMoxSynTetTig 7 6 Staphylococcus cohnii ssp urealyticus (1) 1 0
CliEryOxaPenSynTetTig 7 6 Staphylococcus cohnii ssp urealyticus (1) 0 1
CliEryLevMoxSynTet 6 5 Staphylococcus cohnii ssp urealyticus (2) 1 1
CliEryLevOxaPenSyn 6 5 Staphylococcus cohnii ssp urealyticus (1) 0 1
CliEryOxaSynTetTig 6 6 Staphylococcus cohnii ssp urealyticus (1) 1 0
LevMoxOxaPenTetTig 6 4 Staphylococcus cohnii ssp urealyticus (1) 0 1
CliEryLevTetTig 5 5 Staphylococcus carnosus ssp carnosus (4) 4 0
CliEryLevSynTet 5 5 Staphylococcus kloosii (1) 0 1
CliEryPenSynTet 5 5 Staphylococcus cohnii ssp urealyticus (1) 0 1
CliEryOxaSynTet 5 5 Staphylococcus cohnii ssp urealyticus (1) 1 0
CliEryOxaSynTig 5 5 Staphylococcus caprae/Staphylococcus

cohnii ssp cohnii (1)
1 0

CliErySynTetTig 5 5 Staphylococcus cohnii ssp urealyticus (1) 1 0
Staphylococcus kloosii (1) 1 0

CliEryTetTigTri 5 5 Staphylococcus carnosus ssp carnosus (1) 1 0
OxaPenSynTetTig 5 4 Staphylococcus xylosus (1) 1 0
CliEryMupTet 4 4 Staphylococcus simulans (1) 1 0
CliEryOxaSyn 4 4 Staphylococcus simulans/Staphylococcus

saprophyticus (1)
1 0

CliEryTetTig 4 4 Staphylococcus caprae/Staphylococcus
cohnii ssp cohnii (1)

1 0

Staphylococcus carnosus ssp carnosus (22) 11 11
Staphylococcus kloosii (1) 1 0
Staphylococcus simulans (1) 1 0
Staphylococcus simulans/Staphylococcus
saprophyticus (1)

1 0

Staphylococcus spp (1) 1 0
OxaPenSynTig 4 3 Staphylococcus gallinarum (3) 2 1
OxaPenTetTig 4 3 Staphylococcus kloosii (1) 1 0

Staphylococcus saprophyticus (1) 0 1
CliEryTet 3 3 Staphylococcus xylosus (1) 1 0
OxaPenSyn 3 2 Staphylococcus gallinarum (4) 2 2
OxaTetTig 3 3 Staphylococcus warneri (1) 0 1
CliEry 2 2 Staphylococcus cohnii ssp urealyticus (1) 1 0

Staphylococcus carnosus spp carnosus (4) 0 4
OxaTig 2 2 Staphylococcus xylosus (4) 3 1
TetTig 2 2 Staphylococcus spp (1) 1 0

Staphylococcus xylosus (1) 1 0
Staphylococcus simulans (1) 0 1

Abbreviations: Cli, clindamycin; Dap, daptomycin; Ery, erythromycin; Fox, cefoxitin; Lev, levofloxacin; Mox, moxifloxacin; Mup, mupirocin; Oxa,
oxacillin; Pen, penicillin; Syn, Synercid (quinupristin/dalfopristin); Tet, tetracycline; Tig, tigecycline; Tri, trimethoprim/sulfamethoxazole.
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as determined for the b-lactams (oxacillin and penicillin,
r 5 0.61) and fluoroquinolones (levofloxacin and moxi-
floxacin, r 5 0.79). A significant positive correlation
Table 4. Detection of bacteriocin production

Clinical indicator strain1

Escherichia coli
Enterococcus faecalis
Streptococcus pneumoniae
Pseudomonas aeruginosa
Acinetobacter baumannii
Methicillin-resistant Staphylococcus aureus
Klebsiella pneumoniae
Overall bacteriocin production against any single
indicator strain

1No bacteriocin production was observed again
was also found between resistances to antimicrobials
belonging to different classes. For instance, resistance
to Synercid was significantly associated with penicillin
by staphylococci from chickens.

Bacteriocin-producing Staphylococcus spp
(n 5 88) (%)

22 (25)
25 (28.4)
4(4.5)
8 (9.1)
8 (9.1)
12 (13.6)
9 (10.2)
40 (45.5)

st Salmonella serotype Typhi.
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(r 5 0.6), oxacillin (r 5 0.52), levofloxacin (r 5 0.41),
and moxifloxacin (r 5 0.44). Tetracycline resistance
was positively and significantly correlated to erythro-
mycin (r5 0.57), clindamycin (r5 0.51), and tigecycline
(r 5 0.58). Furthermore, a significant positive correla-
tion of levofloxacin resistance with penicillin (r 5
0.43), erythromycin (r 5 0.32), and clindamycin
(r 5 0.31) was observed. The correlation between eryth-
romycin and clindamycin scored the highest value
(r 5 0.95). The only significant negative correlation
was found between oxacillin resistance and resistance
to tetracycline (r 5 20.31), erythromycin (r 5 20.4),
and clindamycin (r 5 20.44). Concerning the pheno-
typic/genotypic relationship, resistance genes were
significantly correlated with their corresponding antimi-
crobials as determined between ermC and erythromycin
(r 5 0.7), tetK and tetracycline (r 5 0.37), and mecA
and penicillin (r5 0.29). Significant positive correlations
were also found between resistance genes and antimicro-
bials other than the corresponding ones (e.g.,mecA with
fluoroquinolones; tetK, ermC, and aac with Synercid).
DISCUSSION

Intestines of both healthy and diseased chickens serve
as a reservoir for both pathogenic and nonpathogenic
bacteria (Clavijo and Florez, 2018). However, little in-
formation is available on the staphylococcal normal flora
of chickens in general and of household chickens in
particular.When compared to the staphylococcal species
from eggs from both farmed and household chickens
(Syed et al., 2018; Syed et al., 2019), staphylococcal spe-
cies from the intestines of both types of birds differed
substantially. The only common staphylococcal species
among farmed chicken eggs and intestines was S. simu-
lans, while Staphylococcus gallinarum, S. lentus, and S.
xylosus were shared species among eggs and intestines
from household chickens indicating that the intestines
of the birds were not major contributors to the staphylo-
coccal populations of eggs from those bird types.
The poultry intestine microbiome has been found to

be diverse (Pan and Yu, 2014; Clavijo and Florez,
2018). Similarly, the results of the present study also
revealed that the intestinal staphylococcal flora is also
diverse as 12 staphylococcal species and presumptive
species from a small sample size of 100 chickens (50 of
each chicken type) were identified. As both chicken
types have differences in their diet, habitat, breed, envi-
ronment, and life duration, differences in the staphylo-
coccal normal flora were also likely. Household
chickens were reared in the backyards or surroundings
of farmers’ houses in the villages, where chickens have
wide space to move around on agricultural field. In
contrast, farmed chickens share very little space in the
commercial poultry house, where they are offered feed
manufactured by commercial manufacturer. Hence,
there is very little variation in the feed composition of
a farm. These variations were reflected in the presence
of some species in one group while absent in the other
group. Nevertheless, the results of our study do not
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show major differences in the prevalence of staphylo-
coccal species between both chicken types and instead
revealed 6 species in common.
Surprisingly, no S. aureus isolates were identified from

these samples. Previous studies on the microflora of
chicken intestines have found staphylococci but have
either not identified the species or selectively only tar-
geted S. aureus as it is a dominant staphylococcal species
and a known causative agent of disease in humans and
animals (Salanitro et al., 1974; Devriese et al., 1975;
Awan and Matsumoto, 1998). Although some of the
staphylococcal species isolates from intestines are not
known to cause diseases in humans and poultry, others
are known pathogenic bacteria. Presence of these patho-
genic species is of public health concern, as meat is not
washed after slaughter in poultry shops in Pakistan,
and there is a risk of human infections as well as out-
breaks. For example, S. cohnii subspecies urealyticus
has caused bacteremia in humans (Soldera et al., 2013)
as well as joint infections in poultry (Tsai et al., 2015).
S. simulans and Staphylococcus warneri have also been
reported to cause serious skin infections, sepsis, and
endocarditis in humans (Males et al., 1985; Kamath
et al., 1992; Tous Romero et al., 2016).
The most prevalent species found in this study was S.

carnosus subspecies carnosus followed by S. xylosus in
farmed chickens and S. cohnii subspecies urealyticus in
household chickens. The presence of all 3 species in
sick birds has been reported previously (Awan and
Matsumoto, 1998; Aarestrup et al., 2000), but other
staphylococcal species found in the present study have
not been previously reported from poultry intestines
including Staphylococcus caprae, Staphylococcus chro-
mogenes, S. saprophyticus, and S. warneri indicating dif-
ferences between the staphylococcal population of sick
and healthy birds. These distinctions in populations
could be due to the various organs sampled (healthy in-
testines vs. diseased organs or blood) and methodology
for identifying the staphylococcal species.
Contrary to the differences in species, antimicrobial

resistance among staphylococci from farmed and house-
hold chicken intestines was very similar. Both groups
exhibited the highest levels of resistance to erythro-
mycin, clindamycin, tetracycline, and tigecycline. Resis-
tance to the macrolides-lincosamides-streptogramins
and tetracycline is common in staphylococcal isolates
regardless of source, including poultry (Aarestrup
et al., 2000; Frei et al., 2001; Bounar-Kechih et al.,
2018), because of the widespread presence of resistance
genes such as ermC and tetK/tetM, respectively (Levy
et al., 1989; Aarestrup et al., 2000; Nawaz et al., 2000).
However, of concern was resistance to antimicrobials
used exclusively to treat human infections. For example,
in addition to resistance to the newer antimicrobial tige-
cycline, resistance was also detected for daptomycin.
Although comparison of resistance in poultry intestinal
staphylococci to new antimicrobials was not possible as
data are unavailable in the literature, resistance to these
antimicrobials was observed in staphylococci from
farmed and household chickens in our previous studies
(Syed et al., 2018; Syed et al., 2019). Furthermore,
most isolates were multidrug resistant with resistance
up to 8 classes of antimicrobials, which is of concern
for nonclinical isolates. Interestingly, no observable dif-
ferences in antibiotic resistance patterns of staphylococci
from both chicken types were detected indicating that
antibiotic resistance is as common in farmed broiler
chickens as in household chickens.

Irrespective of the isolate source, significant associa-
tions of resistance phenotypes were determined not
only to the antimicrobials belonging to the same antimi-
crobial class but also to antimicrobials from different
classes. Similarly, resistance genes were also positively
correlated to their corresponding antimicrobials (e.g.,
mecA to b-lactams) as well as different noncorrespond-
ing antimicrobials (e.g., mecA with fluoroquinolones).
It is not surprising that resistances, either at the pheno-
typic or genotypic level, to antimicrobials belonging to
the same class yielded significant positive correlations
(Oggioni et al., 2015). However, significant associations
of resistance to different antimicrobials in the same
isolate could be linked to co-localization of genes confer-
ring resistances to different antimicrobials either on the
chromosome itself or mobile genetic elements
(Fatholahzadeh et al., 2008; Emaneini et al., 2013).

Bacteriocins, peptides produced by bacteria that are
capable of inhibiting the growth of closely related bacteria
(Cotter et al., 2005), were suspected in S. xylosus from our
previous studies on household chicken eggs (Syed et al.,
2019). Isolates from that study exhibited broad-
spectrum inhibition of growth against the closely related
gram-positive bacteria, MRSA and methicillin-
susceptible S. aureus, as well as the gram-negative bacte-
ria, Salmonella andEs. coli. Staphylococci from this study
were also tested for their ability to inhibit growth of other
bacteria. Similarly, staphylococci from both farmed and
household chicken intestines were able to inhibit the
growth of both gram-positive and gram-negative bacteria
although none produced activity against S. Typhi. Bacte-
riocin activity in bacteria isolated from chicken ceca has
been previously demonstrated (Line et al., 2008), but
those were identified as enterococci, not staphylococci.
Further study is needed to fully characterize these poten-
tial bacteriocins from chicken intestines.

From the findings of the present study, it may be
concluded that a number of staphylococcal species are pre-
sent in intestines from farmed and household chickens,
including reported human and animal pathogenic species.
Nonetheless, there is no indication of significant differ-
ences in staphylococcal microbial flora of poultry intes-
tines of both chicken types. Of concern is the level of
resistance in isolated staphylococcal species against
different tested antibiotics. Both poultry meat sold in
the markets and close contact of humans with household
chickens as egg sources and pets may be a source of trans-
mission of antibiotic-resistant pathogenic strains of staph-
ylococci to humans. Further studies are needed to
ascertain the origin of antimicrobial resistance in staphy-
lococci in farmed and household chickens and the risk of
dissemination of those bacteria to consumers and owners.
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