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ABSTRACT

The objectives of the study were to isolate and identify livestock associated methicillin resistant Staphylococcus aureus (LA-
MRSA) and methicillin sensitive S. aureus (LA-MSSA) from clinical mastitis cases and to compare their antibiotic susceptibility,
biofilm formation and in vivo pathogenicity in Galleria mellonella larva model. A total of 60 milk samples were collected from
cows suffering from mastitis and processed for isolation and identification of S. aureus using standard conventional methods.
All the recovered S. aureas isolates were subjected for detection of MRSA and/or MSSA employing phenotypic (Cefoxitin disc
assay) and genotypic (the mecA gene PCR) assays. Antibiotic susceptibility pattern of LA-MRSA and LA-MSSA test isolates
was determined using disc diffusion method, biofilm formation by 96 well microtiter plate assay and pathogenicity testing in G.
mellonella larvae. On microbiological, biochemical and PCR analyses, 14 S. aureus isolates were confirmed. Of these, 4 were
tested as LA-MRSA and the remaining 10 isolates were LA-MSSA. Comparative evaluation suggested that MRSA isolates were
resistant to different classes of antibiotics and were equally lethal to G. mellonella larvae. However, bioflim forming ability was
significantly higher (p <0.001) in the MSSA test isolates. An association of biofilm formation and pahogenicity testing was not
observed between LA-MRSA and LA-MSSA test isolates. Further, LA-MRSA were resistant to different classes of antibiotic
and were more lethal to G. mellonella larvae. These preliminary observations are of great concern as the LA-MRSA infections

in the community have been documented and warrant in depth research for such pathogens.
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Methicillin-resistant Staphylococcus aureus (MRSA) is
well known pathogen in health care facilities and it has
emerged as an important pathogen in the community and
livestock settings (Parvez et al., 2018). In general, MRSA
isolates are resistant to PB-lactam antibiotics, however,
they can also exhibit resistance to other antimicrobial
agents, such as macrolides, tetracycline, aminoglycosides,
chloramphenicol, and fluoroquinolones (Piechota et al.,
2018). Moreover, MRSA are associated with a wide range
of infections ranging from superficial skin infections to life
threatening conditions such as bacteremia, endocarditis,
pneumonia or toxic shock syndrome (Piechota et al.,

2018). Their persistence leading to infection within
the host depends largely on their ability to express the
battery of virulence factors (virulence associated and
biofilm formation genes), which promote their adhesion,
acquisition of nutrients, and evasion of host immunologic
responses (Ahmadrajabi et al., 2017).
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Globally, MRSA is responsible for most of the clinical
bacteriaemia cases. Also, the infections associated with
MRSA have poor clinical outcomes. Besides, several
clinical studies have predicted that MRSA significantly
contributes to higher mortality rates (Shurland ez a/., 2007).
Contrary to the above statements, there are some clinical
studies which have postulated that MRSA and MSSA
strains are equally pathogenic in nature (Marty et al., 1992).
In this context, several comparative studies (phenotypic
and genotypic) have been undertaken to investigate their
biofilm formation (Grinholc et al., 2007; Ghasemian et
al., 2016; Piechota et al., 2018) and virulence potential
(Kocsis et al., 2010; Wang et al., 2010). However, most
of the studies have been restricted to either hospital and/
or community acquired isolates (Ghasemian et al., 2016;
Piechota et al., 2018) albeit, comparative studies pertaining
to livestock associated MRSA (LA-MRSA) and/or LA-
MSSA clinical isolates are lacking. In recent past, several
reports have stated the emergence of LA-MRSA in foods
of animal origin (Mohammed and Nigatu, 2015). In fact,
LA-MRSA are known for their sporadic human infections
in several countries and may lead to widespread disease
episodes, if get adapted to humans (Cuny et al., 2015). In
this context, the present study was undertaken to isolate
and identify LA-MRSA and LA-MSSA strains from cows
suffering from mastitis using standard cultural methods.
The identified livestock origin isolates (MRSA/MSSA)
were further comparatively studied for their antibiotic
susceptibility, biofilm formation and virulence testing in
Galleria mellonella larvae model.

MATERIALS AND METHODS

Sample collection

Milk samples were aspectically collected from clinical
mastitic cows (n=60) that were referred to Referral
Veterinary Polyclinic, Durg, Chhattisgarh. The samples
were transported to the laboratory under chilled condition.
All the milk samples were processed for the isolation of
S. aureus using standard microbiological and biochemical
methods. The culturally identified S. aureus isolates were
confirmed by PCR targeting the nuc gene (Brakstad ef al.,
1992) and the coa gene (Hookey et al., 1998), respectively.

Identification of MRSA

All the confirmed S. aureus were then subjected to
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phenotypic and genotypic detection of MRSA. Adopting
CLSI guidelines, phenotypic detection of MRSA was
performed with cefoxitin (30png) disc assay (CLSI, 2018).
The S. aureus isolates exhibiting a zone of inhibition of <
21 mm were presumptively identified as MRSA positive.
The genotypic identification of MRSA was performed by
PCR targeting the mecA gene (310 bp) as described earlier
(Sahebnasagh et al., 2014). The amplified PCR products
were sequenced and confirmed by the NCBI BLASTn
tool.

Antibiotic susceptibility Test

The LA-MRSA (n=4) isolates and LA-MSSA (n=10)
isolates were assessed for their antimicrobial susceptibility
against 12 different antibiotics. The antimicrobial
susceptibility testing (AST) was performed using a disc
diffusion method. Staphylococcus aureus MTCC 737 (S.
aureus ATCC 25923) was used as quality control strain.
The data generated was interpreted as per the CLSI
guidelines (CLSI, 2018).

Biofilm formation

The biofilm forming ability of the test isolates was
estimated as described earlier (Torlak et al., 2017) with
slight modification. In our study, we used Brain heart
Infusion broth (BHI) in place of Tryptic soya broth (TSB)
supplemented with 2% (w/v) glucose. The BHI broth
without bacterial cell served as a negative control. The
quantitative biofilm assay was performed in triplicate for
all the test isolates. The biofilm forming ability of the test
isolate was classified as described earlier (Stepanovic et
al., 2007). In brief, the O.D.; values recorded by the
bacterial films were used to classify isolates as either
non biofilm producers, weak, moderate or strong biofilm
producers. The cut-off O.D. (O.D.c) was defined as three
standard deviations above the mean O.D. of the negative
control. In brief, strains were classified as follows: O.D.c
> O.D = non biofilm producer, (O.D.c <O.D. <2 0.D.c)
= weak biofilm producer, (2 0.D.c) <0.D. < (4 O.D.c) =
moderate biofilm producer and (4 O.D.c) < O.D. = strong
biofilm producer.

G. mellonella virulence assay

The virulence potential of LA-MRSA and LA-MSSA
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test isolate was investigated in G. mellonella larvae, as
described earlier (Debosis and Coote, 2011). In brief, the
larvae (ca. 200-250 mg) were inoculated with 10 pl of
log phase grown culture (107 CFU) of test isolates (LA-
MRSA and LA-MSSA) using the digital syringe applicator
(Holmarc, India) and a Hamilton syringe (capacity 50ul;
24 G; point style 2 with beveled tip). The culture was
inoculated in the hindmost left proleg at fifth or sixth instar.
Inoculated larvae along with appropriate control were
incubated at 37°C and were observed for their mortality
at 6 h intervals up to 120 h post inoculation. Throughout
the experimentation, the larvae were kept in a germ free
environment and were provided with ad libitum food.

Statistical analysis

The differences in the degree of biofilm formation between
LA-MRSA and LA-MSSA isolates were examined by one-
way analysis of variance (ANOVA) with Tukey’s multiple
comparison tests. P values of < 0.05 were considered as
significant.

RESULTS AND DISCUSSION

Isolation and identification of LA-MRSA

On microbiological, biochemical and PCR analyses, 14 S.
aureus were confirmed (Table 1). All the S. aureus isolates
revealed amplification of the nuc gene (279 bp), however,
of'the 14 S. aureus isolates, 10 were tested positive for the
coa gene (600 to 800 bp), while, the remaining 4 failed to
amplify the coa gene (Table 1). Almost similar phenotype
results were observed in tube coagulase test (Table 1). Of
the 14 S. aureus isolates, 4 were tested positive for MRSA
by both phenotypic and genotypic methods, while, the
remaining 10 S. aureus isolates were presumed as MSSA.
Usually the detection of MRSA in food producing animals
is low (Huber et al., 2010). Earlier, studies from Asian
countries have reported their occurrence ranging between
6.3 to 47 percent in food producing animals (Mohammed
and Nigatu, 2015).

Antibiotic Susceptibility profile of LA-MRSA and LA-
MSSA

Previous studies have reported that hospital acquired-
MRSA (HA-MRSA) are more multidrug resistant in
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comparison to community acquired-MRSA (CA-MRSA),
however, a recent study predicted that CA-MRSA
isolates were more resistant to tested antibiotics than
HA-MRSA (Belbase et al. 2017; Parvej et al., 2018).
Such information pertaining to LA-MRSA is lacking. In
this study, all the MSSA (n=10) isolates were found to be
sensitive to all the tested antibiotics except for penicillin
(8/10) and ampicillin (1/10) (Table 2). Similarly, all the
MRSA (n=4) isolates were also found sensitive to most of
the tested antibiotics except for penicillin (4/4), ampicillin
(4/4), vancomycin (2/4) and gentamicin (2/4) (Table
2). Comparatively, almost all LA-MSSA isolates were
sensitive to all the tested antibiotics that were commonly
prescribed in livestock, whereas LA-MRSA test isolates
exhibited resistant against Peta lactam, cephalosporins,
aminoglycosides and glycopetides antibiotics. Usually
LA-MRSA are resistant and in part to fluoroquinolones
and cotrimoxazole (Cuny et al., 2015). Besides, a number
of studies have reported more than 80% of MRSA to be
resistant against erythromycin, ciprofloxacin, gentamicin,
tetracycline and clindamycin (Chuang and Huang,
2015). Although, LA-MRSA were often susceptible to
glycopeptides, daptomycin, tigecyclin, rifampicin, fusidic
acid, fosfomycin, and also to linezolid, the difference
observed in susceptibility towards antibiotics in the
present study might be due to strain variability and also due
different antibiotic usage in different countries (Chuang
and Huang, 2015). Moreover, in this study, the LA-MRSA
test isolates (n=2) were also resistant to vancomycin,
which is of great public health concern, as the LA-MRSA
infections in the community have been documented earlier
(Cuny et al., 2015).

Biofilm forming ability of LA-MRSA and LA-MSSA

The emergence of MRSA in food producing animals
has provoked a great concern in associated food stuff
(Doulgeraki et al., 2017). In fact, both MRSA and MSSA
have an inherent ability to form biofilm on biotic and
abiotic surfaces. These biofilms protects the bacterial cells
from host immune responses as well as from antimicrobial
and disinfectant agents. The results of biofilm formation
are presented in Table 2. In brief, majority of the LA-
MRSA isolates (3/4) were weak biofilm producers,
whereas, most of the LA-MSSA isolates revealed strong
(3/10) to moderate (4/10) biofilm formation, except three
LA-MSSA isolates which exhibited weak to non-biofilm
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Table 1: identification details of LA-MRSA and LA-MSSA isolates recovered from cattle mastitis cases

SL  Isolate Biochemical tests Molecular detection MRSA Identifcation
No code 1:afn Catalase Oxidase Coagulase P haemolysis on nuc gene coa gene C.efoxitin PCR targeting
Staining blood agar disc assay  mecA gene
1 SA-1 + + B + + + - _ B
2 SA-2 + + B + + + + B B
3 SA-3 + + B + + + + + +
4 SA-4 + + B + + + + _ _
5 SA-5 + + B + + + + B B
6 SA-6 + + B + + + + + +
7 SA-7 + + B + + + + + +
8 SA-8 + + B + + + + + +
9 SA-12 + + _ + + T + B B
10 SA-13 + + _ + + + B B -
11 SA-14 + + _ + + + + B -
12 SA-15 + + _ + + + B B -
13 SA-16 + + _ + + + B B -
14 SA-17 + + + T + +

Table 2: Comparative antimicrobial susceptibility, biofilm formation and virulence potential of LA-MRSA and LA-MSSA isolates

In vivo virul in Galleri
Antibiotic Susceptibility ftvivo virufence In Gatferta

Biofilm mellonella larvae
Isolates . . . .
Sensitive Resistant formation Survival Median Survival
(%) time (h)

MSSA

SA-1 GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, E PEN Moderate 100 NA

SA-2 GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, E PEN Non-Biofilm 100 NA

former

SA-4 GM, TE, C, CIP, CX, VA, LZD, OX, CD, E PEN, AMP Moderate 88.88 54

SA-5 GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, E PEN Moderate 88.88 60
SA-12  PEN, GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, — Weak 88.88 60

E

SA-13  PEN,GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, E — Weak 55.56 40
SA-14 GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, E PEN Strong 100 NA
SA-15 GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, E PEN Strong 100 NA
SA-16 GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, E PEN Moderate 66.66 72
SA-17 GM, TE, C, CIP, AMP, CX, VA, LZD, OX, CD, E PEN Strong 55.56 64
MRSA

SA-3 GM, TE, C, CIP, AMP, VA, LZD, OX, CD, E PEN, CX Weak 0 18

SA-6 TE, C, CIP, LZD, OX, CD, E PEN, CX, GM, Weak 0 12

AMP, VA
SA-7 TE, C, CIP,LZD, OX, CD, E PEN, CX, GM, Weak 0 12
AMP, VA
SA-8 GM, TE, C, CIP, AMP, VA, LZD, OX, CD, E PEN, CX Moderate 0 24

AMP- Ampicillin, GM — Gentamicin, C- Chloramphenicol, CIP -Ciprofloxacin, TE —Tetracyccline, PEN- Peniillin, CX- Cefoxitin, OX
-Oxacillin, CD- Clindamycin, E -Erythromycin, LZD -Linezolid, VA —Vancomycin, NA — Not applicable.
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formation (Table 2). Comparatively, LA-MSSA test
isolates exhibited significant (p<0.05) biofilm formation,
when compared with LA-MRSA test isolates. Studies
addressing comparative biofilm formation between LA-
MRSA and LA-MSSA are sparse; however, earlier study
with hospital acquired strains have shown higher biofilm
forming ability among HA-MRSA strains (Piechota et
al. 2018). On the contrary, significant difference in the
biofilm formation and distribution of the biofilm encoding
genes were not observed among HA-MRSA and HA-
MSSA strains (Ghasemian et al., 2016). Generally, in
vitro phenotypic expression of S. aureus biofilm appears
to be often inconsistent. Also, biofilm production largely
depends on media composition, essential nutrient
requirements, surrounding temperature, strain type etc
(Arciola et al., 2012). Moreover, MRSA and MSSA
strains produce biofilm with a different mechanism.
MSSA strains produce biofilm using the ica (intercellular
adhesion)-dependent manner (polysaccharide intercellular
adhesion (PIA)-dependent), whereas, MRS A forms biofilm
through ica-independent manner (PIA-independent)
(Doulgeraki et al., 2017). The difference observed in the
biofilm formation among LA-MRSA and LA-MSSA test
isolates in the present study could be attributed either
one or more facts discussed above. Besides, it would be
worth investigating the exact mechanism for its effective
management in clinical and food processing settings.

Virulence testing of LA-MRSA and LA-MSSA

Earlier studies on the detection of virulence factors or
susceptibility to phagocytosis assays or virulence in animal
models were quite conflicting (Kocsis et al., 2010). Also,
most of the comparative virulence studies between MRSA
and MSSA strains were investigated with community
and hospital acquired S. aureus isolates (Montgomery et
al., 2008; Wu et al., 2012; Perez-Montarelo et al., 2017,
Mannala et al., 2018). We did not come across any study
addressing the in vivo virulence testing of LA-MRSA and
LA-MSSA strains.

G. mellonella larvae are increasingly being used as
an infection model to study virulence factors and
pathogenesis of many prominent bacterial and fungal
human pathogens. In fact, these larvae are easier and
cheaper to procure, establish and maintain. Also any
special laboratory equipment and ethical approval are
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not required. The short life span and ability of larvae to
mimic the human host while investigating the clinically
relevant human pathogens at 37°C suites the larvae to be
an ideal in vivo model for high throughput studies (Tsai et
al.,2016). The results of survival analysis are summarized
in Table 2. Overall comparison revealed that all the MRSA
test isolates were highly virulent in G. mellonella larvae
model than MSSA test isolates (Table 2). The median
survival time for MRSA test isolates varied between 18-
24 h, whereas, for MSSA test isolates it ranged between
40-72 h, respectively (Table 2).

An ecarlier study reported significant mortality among
MRSA  strains (strains recovered from clinical
complications) in G. mellonella larvae than in MSSA
strains (Perez-Montarelo et al., 2018). Besides, several
other studies have stated that HA-MRSA strains appeared
to be more virulent in guinea pigs and in mice compared
to the congenic MSSA (Cutler, 1979; Kocsis et al., 2010).
On the contrary, there are few studies which had shown
that the lethal dose (LD,) of HA-MRSA strains was
significantly higher than that for HA-MSSA (Rozgonyi
et al., 1984; Kocsis et al., 2010). Moreover, some
investigators have revealed no difference between the two
populations (Peacock et al., 1981). In the present study,
the significant difference observed in survival of MSSA
strains in comparison to that of MRSA strains suggested
that LA-MRSA were more virulent than LA-MSSA strains.
Since the study was performed with limited number of
isolates, we emphasize that more number of LA-MRSA
and LA-MSSA strains should be tested for their complete
virulence profile to draw a meaningful conclusions.

CONCLUSION

To conclude, the present study appears to be first of its
kind to compare LA- MRSA and LA-MSSA for their
antibiotic susceptibility, biofilm formation (phenotype)
and virulence testing in Galleria mellonella larvae
model. LA-MRSA were found to exhibit resistance
against Peta lactam, cephalosporins, aminoglycosides and
glycopeptides, whereas, LA-MSSA isolates were sensitive
to almost all the tested antibiotics except penicillin. LA-
MSSA testisolates exhibited significantly higher (p<0.001)
biofilm formation than LA-MRSA isolates. Although
numerous studies have predicted Biofilm formation was
not associated with the actual pathogenicity observed in
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G. mellonella larvae. In the context, it would be worth to
investigate the exact biofilm formation mechanism for its
effective management in livestock and food processing
settings. The virulent nature of the LA-MRSA test isolates
is cause of great concern, as antibiotic consumption in
farm animals has been the driving force in the emergence
and spread of LA-MRSA. Concurrently, the zoonotic
aspects of LA-MRSA need to elucidate. Therefore, further
in depth studies on every important facet of the LA-MRSA
are warranted.
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