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a b s t r a c t

The occurrence of antibiotic resistant microorganisms in poultry litter is due to the increasing use of
antibiotics. Poultry litter is used as a fertilizer for its high nutrient content. The presence of antibiotic
resistant microorganisms in poultry litter makes its handling, amendment and application as fertilizer
a challenging task. This study is designed to evaluate the antibiotic susceptibility and plasmid profiling
of beta-lactamase producing multi-drug resistant Staphylococcus aureus in poultry litter. Sample collected
from a poultry farm was screened for the presence of Staphylococcus aureus strains. The in vitro antibiotic
susceptibility test by disk diffusion method were carried out in all the isolates. All the isolates were highly
susceptible to oxacillin and gentamycin and intermediate for erythromycin and were completely resis-
tant to vancomycin and penicillin. The isolated Staphylococcus aureus strains showed beta-lactamase
activity which is the basis for the resistance to beta-lactum antibiotics. These strains when exposed to
curing agent namely ethidium bromide, the beta-lactamase activity was lost. Results indicate that
Staphylococcus aureus isolated from poultry litter are beta-lactamase producers and relatively resistant
to commonly used antibiotics. The resistance among the isolated strains is found to be plasmid-
mediated. The outcome of our present study exercises both usefulness in shaping the existing antibiotics
prescription and thus helps to reduce or prevent the development of multiple drug resistant
microorganism.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Over the last few years antibiotic use has become widespread
and bacteria are steadily and routinely developing resistance. Espe-
cially in poor countries, the control of bacterial infections using
general antibiotics are of concern, due to their resistance against
them (Pereckaite et al., 2018; Shaikh et al., 2015). Antibiotics are
also used in animal husbandry especially as therapeutic, control
diseases such as prophylaxis and also as growth promotors
(Rassow and Schaper, 1996; Van et al., 2019). During poultry meat
production for commercial purpose, usually antibiotics are feed
from a day old chick upto to its adult stage during their growth
period (Chen et al., 2020; McDermott et al., 2002). Ultimately it
causes to a selection of resistance in the animal’s native micro-
biome, pathogens and also in the environment through the feces
(Inda et al., 2019; Sundin et al., 1995). Resistance developed in
the bacteria from feces can be transferred to native bacteria by
their sharing of extrachromosomal antibiotic resistant plasmids.
The developed antibiotic resistance will be disseminated to the
soil, water, animal and humans. This antibiotic resistance in
microorganisms may interfere with the effective functioning of
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antibiotics, both in humans and animals by creating the microor-
ganisms causing diseases to be unresponsive to antibiotics
(Afewerki et al., 2019; Kolawole and Shittu, 1997). Staphylococcus
aureus is a bacterium widely spread in the environment, such as
air, dust and on the household items and has evolved resistance
to all antibiotic classes used for its treatment through different
mechanisms (Akindolire et al., 2015; Cockfield et al., 2007; Kiliç
and Çirak, 2006). In addition, there are instances of occurrence of
resistant Staphylococcus aureus in poultry litter (Amoako et al.,
2019; Dhanarani et al., 2009). Beta-lactam antibiotics, the major
class of antibiotics used against Staphylococcus aureus, develop
resistance and are most often due to a plasmid-encoded
penicillinase/beta-lactamase (Babic et al., 2006; Quinn et al., 2011).

Beta-lactamase production is the major resistance mechanism
against penicillin and cephalosporin, which are the cheapest, easi-
est to produce and most effective antibiotic classes. Beta-lactamase
inactivates the beta-lactam antibiotics (penicillin) by cleavage of
the beta-lactam ring and it is produced by the Staphylococci that
have bla genes (Kiliç and Çirak, 2006). Staphylococcal beta-
lactamase is not chromosomal and is plasmid mediated and can
be non-inducible or inducible with antibiotis (Maddux, 1991). Van-
comycin is the drug of choice against Staphylococcus aureus when
beta-lactams are inappropriate. The production of beta-lactamase
and the resistance to varying range of antibiotics has increased
the importance of Staphylococcus aureus infections. Not much
information is available on the resistance pattern of Staphylococcus
aureus in poultry litter and hence our focus was to investigate the
antibiogram of the isolated Staphylococcus aureus from the poultry
litter and to study the plasmid pattern responsible for beta-
lactamase activity.
2. Materials and methods

2.1. Sample collection

Poultry litter, a mixture of poultry manure, saw dust and rice
hull bedding, was collected from a poultry farm in Namakkal Dis-
trict, Tamil Nadu, India. Samples were collected from the top and
bottom. The composite samples were labelled and brought to the
laboratory and stored at 4�C until use.

2.2. Isolation and identification of bacterial strains

The stored samples were thawed and brought to room temper-
ature. Sample of about 1 g was weighed, mixed in 10 mL of 0.85%
saline, serially diluted, spread plated onto nutrient agar plates and
were incubated at 37�C for 24 h. From the plate of 10-5 dilution,
discreet colonies were picked and maintained in nutrient agar
slants.

The cultures were then inoculated onto Mannitol Salt Agar
(MSA). The plates were incubated aerobically for 24 h at 37 �C
and were examined for fermentation of mannitol which is indi-
cated by color change of the medium around each colony from
red to yellow. The organism from the fermented plates were iden-
tified by gram staining, colony morphology, hemolysis, catalase,
oxidase, coagulase, IMViC, triple sugar iron agar test, urease test,
Macconkey agar, DNase test using standardized protocol (Cowan,
1974). The 16S rRNA sequencing was carried out for further iden-
tification of isolates at species level.

2.3. Antibiotic susceptibility testing

Susceptibility testing for a total 10 Staphylococcus aureus strains
to nine antibiotics were carried out by the agar disk diffusion
method (Bauer et al., 1966). The isolates were inoculated into
nutrient broth and incubated at 37�C for 24 h. Then the inoculum
(approx. 0.1 mL) was evenly spread onto the surface of Mueller-
Hinton (MH) agar plates and allowed to dry. Antibiotic impreg-
nated filter paper disks (erythromycin (15 mcg), gentamycin (120
mcg), oxacillin (5 mcg), penicillin-G (10 units/disk), vancomycin
(30 mcg), ciprofloxacin (10 mcg), streptomycin (10 mcg), chloram-
phenicol (30 mcg) and kanamycin (30 mcg)) were placed on the
superficial layer of the agar and incubated at 37�C for 24 h. Antibi-
ogram pattern was determined by measuring the zone size and
were interpreted with the NCCLS standard.

2.4. Beta-lactamase activity

Beta-lactamase activities of the isolated 10 strains were
checked by three Iodometric methods - Iodometric strip, iodomet-
ric agar plate and iodometric tube methods (Oberhofer and Towle,
1982; Perret, 1954; Sawai et al., 1978).

2.5. Isolation and electrophoretic pattern of plasmid DNA

Plasmid extraction was carried out by alkaline lysis method
(Marko et al., 1982). Agarose gel electrophoresis of plasmid DNA
from 10 multidrug resistant strains of Staphylococcus aureus was
carried out according to the standard protocol (Sambrook and
Russell, 2001).

2.6. Curing of the plasmid

All the beta-lactamase positive strains were incubated in Tryp-
tic Soy Broth (TSB) containing acridine orange at 37�C for 24 h.
After incubation, the strains were streaked onto medium consist-
ing of 0.3% yeast extract, 3% of TSB and 1.5% agar-agar. After 24 h
of incubation, the isolates were tested for beta-lactamase activity
by iodometric techniques.

The susceptibility testing for cured strains were carried out on
MH agar plates with and without penicillin (1%) and incubated
for 48 h at 37�C and observed for growth. Antibiotic susceptibility
test was performed with antibiotics that showed resistant previ-
ously with vancomycin, erythromycin, streptomycin, kanamycin
and chloramphenicol. The plasmid profiling was again performed
and checked for the presence of plasmid.
3. Results and discussion

Seventeen gram positive and catalase positive Staphylococcus
strains were isolated from poultry litter of which only 10 strains
were found to be Staphylococcus aureus based on their morpholog-
ical, biochemical characteristics and 16S rRNA sequencing.

Varying range of resistance pattern was observed for each
antibiotic. All the 10 isolates of Staphylococcus aureus strains
showed resistance to penicillin and the polypeptide antibiotic van-
comycin. On contrary all the strains showed sensitivity to semisyn-
thetic antibiotic oxacillin. Intermediate sensitivity was seen in all
the strains for the macrolide antibiotic, erythromycin. Nine strains
showed sensitivity to the third generation cephalosporin, cipro-
floxacin. One strain was found to show intermediate susceptibility
to this antibiotic. Seven Staphylococcus aureus strains showed resis-
tance to chloramphenicol, two strains showed sensitivity and one
strain showed intermediate to the same antibiotic. Each aminogly-
coside antibiotics such as erythromycin, gentamycin, oxacillin,
penicillin-G, vancomycin, ciprofloxacin, streptomycin, chloram-
phenicol and kanamycin showed varying resistance pattern. All
strains were sensitive to gentamycin. Seven strains showed resis-
tance and three strains exhibited intermediate sensitivity to kana-
mycin. Two isolates were resistant, two strains showed
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intermediate sensitivity and 6 strains were sensitive towards
streptomycin. The antibiotic susceptibility patterns are repre-
sented in Fig. 1.

Multi drug resistant bacteria Staphylococci has been isolated
from diverse environments, such as clinical, animal and food sam-
ples (Khan et al., 2005). Gram positive organisms were found
majorly in chicken intestinal microflora namely Staphylococcus,
Streptococcus and Micrococcus sp. (Dhanarani et al., 2009). In the
present study seventeen gram positive and catalase positive bacte-
rial strains were isolated out of which 10 strains were identified as
Staphylococcus aureus. Other species such as Staphylococcus, Strep-
tococcus, Micrococcus, Salmonella, Enterococci, E. coli, Aeromonas,
and Pseudomonas have also been isolated from poultry litter
(Dhanarani et al., 2009). Ten isolates of Staphylococcus aureus from
poultry litter were subjected to in vitro antibiogram and they
showed varying range of susceptibility pattern. Similarly E. coli
was isolated from workers at the poultry farm also showed antibi-
otic resistance (Ojeniyi, 1989). Incongruous use of growth promot-
ing antibiotics (Khachatourians, 1998) and also the selective
pressure from antimicrobials is the driving force in the develop-
ment of antibiotic resistance (Manie et al., 1998). Animal feed is
progressively being supplemented with antibiotics to decline the
risk of epidemics in animal husbandry (Khachatourians, 1998).

Penicillin inhibits the bacterial peptidoglycan synthesis which
is the major cell wall component. It exhibits rigid mechanical sta-
bility due to its highly cross linked lattice wall structure in the bac-
terium. In our study 10 isolated Staphylococcus aureus strains from
poultry litter were highly resistant to penicillin; and the resistance
may be due to the excessive rational or irrational use of the peni-
cillin. The inherent weakness of penicillin is because of the attack
of ring nucleus by beta-lactamase produced in Staphylococcus
aureus (Esimone et al., 2006).

In this study vancomycin was found to be resistant to all
strains isolated from poultry litter. The acquirement of resistance
occurs in different mechanisms such chromosomal mutations or
through plasmids. Complete (100%) sensitivity to vancomycin
and clindamycin in multidrug resistant Staphylococcus aureus
have been reported. Staphylococcus aureus strains were found
Fig. 1. Antibiotic susceptibility pattern of Staphylococcus aureus from poultry litter.
to be vancomycin resistant from clinical samples (Naseer and
Jayaraj, 2010). But there have been no recorded history of van-
comycin resistance in poultry. Though vancomycin is not used
in poultry, resistance is shown due to the linkage of resistance
genes from old antibiotics to the latest ones in market
(Summers, 2002).

In our present investigation, all the isolated strains showed high
sensitivity to oxacillin, which is a cell wall inhibitor, whereas seven
strains showed resistance to kanamycin and chloramphenicol. S.
aureus has been shown to be resistant to oxacillin in other studies
(Salimnia and Brown, 2005). Kanamycin resistance was proved to
be due to a plasmid encoded determinant (Storrs et al., 1988). In
a previous report erythromycin and tetracycline showed to be
effective antibiotics against Staphylococcus aureus (Hassam et al.,
1978). But in our study erythromycin intermediate strains were
observed making the treatment difficult.

All the strains of Staphylococcus aureus studied for beta-
lactamase production showed positive results for beta-lactamase
activity in all the three iodometric methods. Beta-lactamase pro-
duction is a very important cause for antimicrobial resistance in
bacteria. The present study shows the presence of beta-lactamase
activity in all the strains and it was checked and confirmed using
three iodometric methods. Beta-lactamase producing Staphylococ-
cus aureus has also been isolated from humans, animals and vari-
ous organs or tissues in chicken (Mamza et al., 2010).
Staphylococcal beta-lactamase is present in plasmids and may be
non-inducible or inducible in the presence of antibiotics
(Maddux, 1991). Beta-lactamase activity in S. aureus and E. coli iso-
lated from chicken were found to be 8.8% and 11%, respectively
(Mamza et al., 2010). Reports showed that S. aureus from various
samples had beta-lactamase production (Salimnia and Brown,
2005) and also showed multiple drug resistance (Mamza et al.,
2010).

Electrophoretic pattern of plasmid isolated from the 10 isolated
Staphylococcus aureus strains, which indicates that all the strains
are encoded by plasmid. The molecular size of the plasmid DNA
was calculated to be ~13 kb. Here, k DNA (Eco RI /Hind III double
digest) was used as marker DNA.

The cured strains subjected to iodometric tube method, showed
no color change after the addition of iodine confirming the absence
of beta-lactamase activity. The cured strains inoculated in MHA
without penicillin showed growth and MHA with penicillin
showed no growth. Antibiotic susceptibility tests for the cured
strains were performed with the antibiotics (Vancomycin, Ery-
thromycin, Streptomycin, Kanamycin and Chloroamphenicol) and
found that all those antibiotics for which the strains showed resis-
tance before curing, showed high susceptibility (Fig. 2). This
proved that beta-lactam resistance was lost during curing process
and confirmed the beta-lactamase production is plasmid mediated.
The resistance patterns confirmed the presence of multi drug resis-
tant plasmid in the bacterial isolates. Plasmid isolation and agarose
gel electrophoresis for the cured strains also indicated that the
strains had lost their plasmid during curing.

Different strains of Staphylococcus aureus possessed plasmids of
different molecular weight. In our study the isolated plasmid was
~13 kb. Presence of plasmids indicates that the antibiotic resis-
tance is plasmid mediated. Complete plasmid genome sequencing
will help in further elucidating the actual mechanism involved. In
previous studies multidrug resistant S. aureus isolate possessed
23 kb plasmid (Rahman et al., 2005).

Plasmid curing was carried out by acridine orange for the iso-
lated Staphylococcus aureus strains. Similar to our study, Streptococ-
cus and Micrococcus plasmids were cured by acridine orange
(Dhanarani et al., 2009). The loss of antibiotic resistance and
plasmid is interrelated. The loss of 6.4- and 3.4-kb plasmid in
Bacteroide fragilis C68c was associated to antibiotic resistance



Fig. 2. Antibiotic susceptibility pattern of Staphylococcus aureus after plasmid
curing.

2726 A. Pugazhendhi et al. / Journal of King Saud University – Science 32 (2020) 2723–2727
(Nakano et al., 2004). Non-existence of plasmid related to chromo-
somally mediated resistance has also been reported (Pestana et al.,
1999).

Cured strains of Staphylococcus aureus showed negative result
for beta-lactamase activity. Antibiotics which were resistant previ-
ously showed sensitive pattern after the strains were cured. The
cured plasmid strains failed to grow on media containing peni-
cillin. Plasmid pattern of the cured strains showed loss of plasmid.
All the experiments proved that a factor which was present in the
strains before curing, was the reason for the strains to exhibit mul-
tidrug resistance, was removed after curing. Hence, it was con-
cluded that this factor, the antibiotic resistance, was plasmid
mediated.

On the whole, Staphylococcus aureus was able to overcome the
antibiotics developed against it and will also acquire resistance
to any new drugs formulated for it. Hence lot of attention should
be given while developing new drugs. It is necessary to control
the usage of antibiotics as a growth promoter in the poultry.
Government and health care authorities should implement educa-
tional awareness to farmers, encourage better infection control and
prevent antimicrobial usage.
4. Conclusion

The present study indicates that the Staphylococcus aureus
strains isolated from poultry litter is found to be multi-drug
resistant and is plasmid encoded. The antibiotic resistant organ-
isms spread from environment to different biospheres and finally
reaches human. Plasmid mediated antibiotic resistance is a
worldwide problem as it spreads from one host to the other
by horizontal transfer hence treatment for these opportunistic
pathogens becomes difficult. Vancomycin the last drug preferred
in all the Staphylococcal infection also showed high resistance,
making the Staphylococcus aureus infection as a completely
incurable infection. Hence the unnecessary usage of antibiotics
for the cause of increased profit and high market prices of poul-
try must be controlled to save humans from becoming
endangered.
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