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Coagulase negative Staphylococcus (CONS), once considered as a commensal has now
evolved as a major infectious pathogen with biofilm forming ability. This study was
conducted to identify the antibiotic resistance pattern of varied CONS species in
association with its biofilm forming ability. CONS isolated from various clinical samples
were speciated. Their antimicrobial resistant pattern and biofilm producing ability were
studied and analyzed. 7.98% of our clinical isolates were CONS, with 21.52% of them
being Methicillin resistant (MR-CONS) and 78.48% were Methicillin sensitive (MS-
CONS). Of the MR-CONS, S. epidermidis comprises about 70.59%, followed by S.
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non-biofilm producers. All the CONS isolates were sensitive to vancomycin and Linezolid.
With increase in incidence of MR-CONS and biofilm formation, routine identification
with their antimicrobial resistance pattern should be documented and practiced to prevent
the emergence of these common commensals as super bugs.

Introduction

Coagulase Negative Staphylococcus (CONS)
were once considered as commensals and their
pathogenic potentials have been under debate
for a long time. However CONS has been
accepted as a potential pathogen, being
isolated in various clinical samples from 1980
onwards (Karsten Becker et al., 2014). Today
CONS represent one of the major pathogens
among immunocompromised and hospitalized
individuals, with a considerable impact on
morbidity and mortality. Reports on
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surveillance data taken from the National
Nosocomial Infections Surveillance System
have indicated CONS as one of the five most
commonly reported pathogens in hospitals
(Christof VonEiff et al.,, 2008). Common
associated risk factors include patients with
prosthetic devices, foreign body intravascular
catheters,  post-operative ~ wounds  and
immunocompromised status (Sheikh et al.,
2012).

CONS represent a heterogeneous group of
microbes within  Genus Staphylococcus,
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identified primarily by negative coagulase test.
The most common CONS isolated from
hospitalized patients were S. epidermidis. S.
saprophyticus has been identified as a known
causative agent of urinary tract infection in
sexually active women. Other CONS, which
are now increasingly identified as causative
agents of urinary tract infections, wound
infections and bacteremia are S. lugdunensis,
S. schleiferi, S. haemolyticus, S. warneri, S.
hominis and S. simulans. One of the major
virulence factors for CONS is their ability to
adhere to polymer surfaces and induce biofilm
formation. Biofilm forming CONS infections
pose a major challenge to clinical
microbiologists and treating physicians, as
they have decreased antimicrobial
susceptibility within the biofilm and also
found to be more resistant to commonly used
antimicrobial agents when compared to non-
biofilm producers (Rupp et al., 2010).
Recently Australian scientists have isolated a
strain of S. epidermidis from hospital
environment which was found to be resistant
to almost all known antibiotics, probably
emerging as superbug, indicating the
importance of these commensals getting
converted into potential nosocomial pathogens
(Anna Lavdaras, 2018).

Routine laboratory identification of CONS
infection, their biofilm forming ability and
their antimicrobial susceptibility pattern is
very important to understand the actual impact
of these potential pathogens, especially in this
era of advanced medical sciences with
increase in susceptible population. This study
is conducted in our hospital to identify the
various CONS species isolated among clinical
samples, their biofilm forming ability and
their antimicrobial resistance pattern.

Materials and Methods

The study was conducted over a period of six
months after getting Institutional Ethical

Committee approval. Various consecutive
samples like pus, wound swabs, ear swabs,
throat swabs, urine, body fluids, sputum and
blood received in the Microbiology laboratory
for culture and sensitivity were processed
according to Standard Operating procedures.
Samples were inoculated onto various culture
media like Nutrient agar, MacConkey agar
and Blood agar by sterile technique. The
plates were incubated at 37°C overnight and
examined for any growth. The colonies of
Staphylococci were identified by Gram stain
and Catalase test. Those Staphylococci which
gave negative result in coagulase test were
identified as Coagulase Negative
Staphylococci (CONS). Only pure growth of
CONS isolates and also repeated isolates were
included in the study.

Speciation of CONS was further done using
various series of biochemical tests like Nitrate
reduction test, Voges Proskauer test, Urease
test, Ornithine decarboxylase test, Sugar
fermentation test for Trehalose, Mannitol,
Mannose, Xylose, Maltose and sucrose sugars
(Winn W.C. et al., 2006). Susceptibility
testing to Novobiocin and Polymyxin B was
done as a routine to identify S. saprophyticus
and S. epidermidis respectively, as per
standard guidelines.

Antimicrobial susceptibility testing was done
by Kirby Bauer disc diffusion technique, with
the following antibiotics as indicated by CLSI
guidelines. Ampicillin (25pg), Amoxicillin +
clavulanate (30pg), Ceftriaxone (30pg),
Ciprofloxacin (5pg), Erythromycin (15pg),
Cotrimoxazole, Gentamicn (5ug), Amikacin
(30png) and Linezolid (30pg). Methicillin
resistance was identified using cefoxitin disc
(30 pg). Those isolates which gave inhibitory
zone of < 24mm were considered as sensitive
and hence Methicillin sensitive CONS (MS-
CONS) and those which gave inhibitory zone
size of > 30mm were considered resistant,
hence Methicillin resistant CONS (MR-
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CONS). Vancomycin susceptibility was
detected by agar dilution method using Brain
heart infusion agar containing 4 pg/ml of
vancomycin drug. Isolates which grow in this
screen agar were considered as vancomycin
resistant strains and those which fail to grow
in this screen agar after overnight incubation
at 37°C were considered as vancomycin
sensitive strains (Xiao Xue Ma et al., 2011).

Biofilm formation among various clinical
CONS isolates was detected by tube method.
A loop full of overnight culture of CONS
isolates on nutrient agar was inoculated into
10 ml of Trypticase soy broth with 1% of
glucose. These inoculated test tubes were
incubated overnight at 37°C. These culture test
tubes are then decanted and washed with
phosphate buffer saline. The tubes are then
dried and stained with 0.1% crystal violet.
Excess stain was then washed with deionized
water. The tubes are then dried by keeping it
in inverted position and observed for biofilm
formation. Biofilm formation was considered
positive when a visible film lined the wall and
bottom of the tube. Ring formation at the
liquid interface was not considered as biofilm
formation (Nabajit Deka, 2014).

Results and Discussion

A total of 6, 427 samples were processed for
culture during the six months study period, of
which 2, 970 samples were culture positive
(46.21%). Of the 2, 970 clinical isolates, 237
isolates were identified as Coagulase Negative
Staphylococcus (CONS) (7.98%).

Majority of CONS samples were isolated from
pus samples (41.35%), followed by wound
swab (31.22%). CONS were also isolated
from Urine (20.68%), ear swabs (5.06%) and
sputum (1.69%) samples. S. epidermidis was
the most common species of CONS isolated
from clinical samples (43.46 %), followed by
S. hemolyticus (18.57%). S. saprophyticus

comprises about 69.39% of CONS isolates
from urine samples.

Of all the CONS isolates 21.52% were
Methicillin resistant strains (MR-CONS) and

78.48% were Methicillin sensitive strains
(MS-CONS). of the MR-CONS,
S.epidermidis comprises about 70.59%,

followed by S.hemolyticus (15.69%). Of the
51 MR-CONS isolates 37.25% were from pus
samples, followed by 33.33% in urine
samples. About 25.50% of MR —CONS were
isolated from Wound swab and 3.92% from
sputum samples

Among the various 237 CONS isolates, 23.63
% of them are biofilm producers, of which
60.71% are MR-CONS isolates and 39.29%
were MS —CONS. 181(76.37%) of the isolates
were non biofilm producers. Among the
biofilm producers, S.epidermidis are the

commonest  isolate  producing  biofilm
(73.21%)  followed by  S.hemolyticus
(16.07%). About 33.3% of Methicillin

resistant strains are non-biofilm producers,
when compared to Methicillin sensitive strains
where 88.17% of strains are non-biofilm
producers

All the CONS isolates were 100% sensitive to
Vancomycin and Linezoliod. Maximum
antibiotic  resistance was found with
Ampicillin drug followed by Cotrimoxazole
and Gentamicin. The isolates were found to be
highly sensitive to Amikacin and Amoxyclav.

MR-CONS isolates were found to be more
resistant to multiple antibiotics than MS-
CONS isolates. Irrevalant of Methicillin
resistant or sensitive status all CONS isolates
were found to be 100% sensitive to
Vancomycin and Linezolid.

Biofilm producing CONS isolates showed
more resistance towards commonly used
antibiotics than non-biofilm producers. In
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Both biofilm and non-biofilm producer group
highest resistance was seen with Ampicillin
(73.21%, 63.12%), followed by
Cotrimoxazole  (57.14%, 52.49%) and
Gentamicin (59.36%, 54.49%), respectively.
All the CONS isolates were 100% sensitive to
Vancomycin and Linezolid.

With continuing increase in the susceptible
risk population, it has been acknowledged by
various studies that CONS should not be
considered as an accidental pathogen any
more.

Many of the studies describe the clinical
spectrum of CONS infection as a whole, but
various species of CONS had acquired
virulence factors to produce specific and
severe infections. The real impact of less
frequently reported CONS species may be
underreported as they are not routinely
speciated and reported. This study was
conducted in our tertiary care hospital to find
out the different species of CONS isolated
from various clinical samples and to study
their antibiotic resistance pattern with
reference to biofilm formation.

Among the 2, 970 isolates, 7.98% (237) were
identified to be CONS isolates, which is
comparatively less than other studies
conducted in various parts of India, where the
prevalence rates of CONS isolates vary from
14.3% to 44.8% (Lubna samad et al., 2017)
(Khadri et al., 2010) (Al Mazroea, 2009) (Mir
et al., 2013) (Table 1). Majority of CONS in
our study were isolated from pus samples
(41.35%), followed by wound swab (31.22%).
20.68 % of urine isolates, 5.06% of ear swab
isolates and 1.69% of sputum sample isolates
were found to CONS. Studies conducted by
Lubna Samad et al., (2017) and Roopa et al.,
(2015) also reveals that CONS were more
commonly isolated from pus samples followed
by wound swabs and urine samples. They
have also documented CONS isolates from
catheter tips, blood and body fluids, indicating
the varied spectrum of clinical infection that
can be caused by CONS. Study conducted by
Nahed A. Al Laham et al., (2017) had also
documented that the most common clinical
source of CONS in their study was pus
(34.6%), followed by wound swabs (23.5%),
urine (18.5%) and blood (14.8%) (Table 1).

Table.1 Common CONS species isolated from various clinical samples

Pus
(n=98)
No %

CONS species /
Clinical sample

Wound
swabs
(n=74)

S.epidermidis 46 46.94 38 51.35
S.hemolyticus 21 2143 17 2297
S.hominis 14 1428 11 14.86
S.saprophyticus - - - -

S.schleiferi 10 1020 7 9.46
S.warneri 7 7.14 1 1.35

Urine Ear swabs | Sputum Total
(n=49) (n=12) (n=4) (n=237)
No % No No % No %
10 2041 7 5833 2 50 103 43.46
3 612 2 1667 1 25 44 1857
- - - - - - 25 10.55
34 6939 - - - - 34 1434
- - 3 25 1 25 21 886
2 408 - - - - 10 4.22
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Table.2 Distribution of MR —CONS and MS-CONS among the CONS isolates

No % No %
36 70.59 67 36.02 103
8 15.69 36 19.35 44
3 5.88 22 11.83 25
1 1.96 33 17.74 34
2 3.92 19 10.22 21
1 1.96 9 4.84 10
51 100 186 100 237

Table.3 Distribution of biofilm producers among the CONS isolates

CONS isolates Methicillin resistant Methicillin sensitive Total
(51) (186)

Biofilm Non biofilm Biofilm Non biofilm
producers  producers  producers  producers
(34) 17) (22) (164)

S. epidermidis 50

S. hemolyticus 6 2 3 33

S. hominis 1 2 - 22 25
S. saprophyticus 1 - 2 31 34
S. schleiferi 1 1 - 19 21
S. warneri 1 - - 9 10
Total 34 17 22 164 237

Table.4 Antibiotic resistance pattern of CONS isolates

Antibiotics/ S.epidermidis | S.hemolyticus | S.hominis | S.saprophyticus | S.schleiferi | S.warneri

Cons isolates (n=103) (n=44) (n=25) (n=34) (n=21) (n=10)
No

78 7573 29 6590 16 64 20 5882 11 5238 5 50
23 2233 11 25 4 16 4 1176 3 1428 1 10
30 2912 13 2954 5 20 8 2353 5 2381 2 20
39 3787 15 3409 6 24 8 2353 6 2857 2 20
54 5242 22 50 12 48 15 4412 18 3810 3 30
62 60.19 26  59.09 13 52 18 5294 10 4762 5 50
63 6116 27 6136 14 56 19 5588 11 5238 5 50
27 26.21 11 25 6 24 2 5.88 2 952 0 O
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Table.5 Antibiotic resistance pattern of MR —CONS and MS-CONS

CONS isolates MR-CONS (n=51 MS-CONS (n=186

No % No %
38 74.51 116 62.37
10 19.61 26 13.98
15 29.41 45 24.19
18 35.29 52 27.96
26 50.98 74 39.78
30 58.82 98 52.69
31 60.78 104 55.91
12 23.52 18 9.67

Chart.1 Antibiotic resistance pattern of CONS isolates, in correlation with biofilm production

80.00%  73.21%
70.00%
A oy 63.12% . o365
0% 48.21% 52.49%  54.49%
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The most common species of CONS that was
isolated from various clinical samples, in our
study were S. epidermidis (43.46 %),
followed by S. hemolyticus (18.57%). Other
clinically significant CONS isolates were S.
hominis (10.55 %), S. schleiferi (8.86%) and
S. warneri (4.22%). The most common
species isolated from urine samples was S.
saprophyticus (14.34%). Study conducted by
Roopa et al., (2015) also reveals the same
pattern of CONS species distribution as in our
study with 50.8% of isolates being
S.epidermidis, 26.7% S.hemolyticus, 7.1% of
S.schleiferi and 4.46% of S.saprophyticus.

However study conducted by Sheikh A.F. et
al., (2012) have documented 16 species of
CONS isolates, commonest being
S.epidermidis (29.4%) and S.hemolyticus
(14.9%), along with uncommon species like
S.arlettae, S.auricularis and S.caprae species.
This indicates the wide varied spectrum of
CONS isolates that can cause significant
clinical infection (Table 1).

In urine samples the commonest CONS
species isolated was S.saprophyticus 69.39%
followed by S.epidermidis 20.41%. S.
saprophyticus has been considered as a true
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urinary pathogen for a long period of time as
it may be related to carriage of the organism
in the rectum or introitus. Winn et al., (2006)
had revealed S.saprophyticus as the second
commonest cause of urinary tract infections in
females, next to E.coli (Table 2).

About 21.52% of CONS isolates in our study
were MR-CONS, which is less compared to
study conducted by Puneet Bhatt et al., (2016)
and Bilal Ahmad Mir et al., (2013) who had
documented 32.7% and 40% MR-CONS
isolates from various clinical samples
respectively. Nearly 70.59% of MR-CONS
isolates in our study was S.epidermidis,
followed by S.hemolyticus (15.69%). Other
CONS species contribute to about 5.88%-
1.96% of MR-CONS isolates. Similar results
are shown in a South Indian study (Saravanan
Murugesan et al.,, 2015) where 40% of
S.epidermidis, 28% of S.hemolyticus, 20% of
S.hominis and 12% of S.warneri were
methicillin  resistant. ~ However  results
obtained by Rathanin Seng et al., (2017) had
documented 41.1% of S.hemolyticus, 30.1%
of S.epidermidis and 28.8% of other CONS
species as methicillin resistant

Of the 51 MR-CONS isolates 37.25% were
from pus samples, followed by 33.33% in
urine samples. About 25.50% of MR —CONS
were isolated from Wound swab and 3.92%
from sputum samples. Study conducted by C.
Roopa et al., (2015) and Chincholkar et al.,
(2017) also reveals that majority of drug
resistance CONS were isolated from pus
samples. As S.epidermidis was the major
pathogen isolated from pus samples and as
majority of MR-CONS was isolated from pus
samples, S.epidermidis has become one of the
significant CONS  species  exhibiting
methicillin resistance and may be emerging as
an important multidrug resistant pathogen of
concern. Various scientific studies worldwide
reveal nearly 80-90% of S.epidermidis are
Methicillin resistant carrying mec A gene.
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Study conducted by Francois Barbier et al.,
(2010) among various CONS isolates
exhibiting mec A gene, had documented that
69.95 % of S.epidermidis, 13.3% of S.homins
and 12% of S.hemolyticus were methicillin
resistant and it correlates with the results of
our study also. Whereas study conducted by
Nigeria Ezekiel Akinkunmi et al., (2010), had
documented S.hemolyticus as the most
common MR-CONS (46.2%), followed by
S.epidermidis (35.6%). These differences in
MR CONS isolates may be due to the
difference in the species predominating the
various clinical setup and variations in the
species colonizing human skin and mucosa
(Table 3).

Among the various CONS isolates, 23.63 %
are biofilm producers and 76.37% of the
isolates were non biofilm producers. The
biofilm producers in our study (23.63%) were
comparatively low than the result documented
by Lal Bhadur shreshtha et al., (2017) and
Rupp et al., (2010), who reveals that 65.38%
and 80% of their CONS isolates were biofilm
producers, respectively.  The  higher
percentage of detection of biofilm producers
in the above mentioned studies may be due to
their utilization of additional microtitre plate
method and Congo red method for biofilm
detection. Majority of MR-CONS in our study
were biofilm producers (66.66%) when
compared to MS-CONS (11.83%) and this
difference is statistically significant. Other
studies also reveal MR-CONS as a common
biofilm producer with results ranging from as
high as 90.8% by R Seng et al., (2017) to
43.75% by Martini et al., (2016). Also
Chincholkar et al., (2017) showed that 83.5%
of biofilm producers were Methicillin
resistant and Samant et al., (2012) with 60%
of MR-CONS being biofilm producers. This
increased frequency of biofilm formation in
MR-CONS may be due to FnbB gene -
mediated biofilm development among MRSA
trait (Jeong ok Cha et al., 2013) (Table 3).
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Among the biofilm producers, S.epidermidis
were the commonest isolate producing
biofilm (73.21%) followed by S.hemolyticus
(16.07%). Among S.saprophyticus 5.36%
isolates and 1.79% isolates of S.hominis,
S.schleiferi and S.warneri each were biofilm
producers.  Several studies  conducted
worldwide (Robert D. Wojtyczka et al., 2014)
(Alcaraz et al., 2003) had documented
S.epidermidis as a major biofilm producer
with prevalence ranging from 81% to 57.7%.
Study conducted in India (Sardar et al., 2015)
also show S.epidermidis as the predominant
biofilm producer. In contrast to our study
Chincholkar et al., (2017) showed
S.saprophyticus as the most common biofilm
producer (52.78%) predominantly isolated
from  urine  samples, followed by
S.hemolyticus (41.18%) and S.epidermidis
(37%). In majority of the studies the most
common urine  CONS isolate  was
S.saprophyticus and they are one of the major
biofilm producers (Chincholkar et al., 2017;
Alcaraz et al., 2003) (Table 4).

All the CONS species isolated in our study
were 100% sensitive to Vancomycin and
Linezoliod. Maximum antibiotic resistance
was found with Ampicillin drug (68.44%)
followed by Gentamicin (58.35%) and
Cotrimoxazole (55.76%). The isolates were
also found to be resistant to Erythromycin
(45.38%), Ciprofloxacin (31.63%),
Ceftriaxone (26.80%), AmoxyClav (16.80%)
and Amikacin (16.60%).Various studies (Mir
et al., 2013; Roopa et al., 2015; Lok Bahadur
Shreshtha et al., 2017; Chincholkar et al.,
2017) show similar resistance patterns like
our study with resistance to Ampicillin
ranging from 80% to 48%, Gentamicin 80%
to 43.8%, Cotrimoxazole 75.2% to 37.5%,
Ceftriaxone 65% to 27.6%, Erythromycin
83% to 27.6%, Ciprofloxacin 60% to 12.5%,
Amoxyclav 21.3% to 27.6% and Amikacin
28% to 12.5%. This infers that CONS species
were developing resistance to multitude of
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antibiotics at an alarming rate, posing a
difficult situation to treating clinicians (Table
5; Chart 1).

In our current study MR-CONS and biofilm
producers were found to be more resistant to
multiple antibiotics than MS-CONS and non-
biofilm producers. In Both biofilm and non-
biofilm producer group highest resistance was
seen with Amoxicillin (73.21%, 59.12%),
followed by Cotrimoxazole (57.14%, 52.49%)
and Gentamicin (59.36%.54.49%),
respectively. All the CONS isolates were
100% sensitive to Vancomycin and Linezolid.
Chincholkar et al., (2017) and Samant et al.,
(2012) in their study reported that biofilm
producing CONS were found to be more
resistant to almost all classes of antibiotics as
compared to biofilm non producers. The
heightened resistance to multiple antibiotics
among biofilm producers may be due to the
fact of slower rates of metabolism, thereby
reducing their sensitivity to antibiotics. Also
the presence of biofilm increases the
virulence of the organism by protecting them
from phagocytosis and decreasing chemotaxis
in vivo, thereby inhibiting host defense
mechanism. It has been documented that
presence and expression of mecA gene seems
to be enhanced in biofilm producers, enabling
it to be resistant to multiple groups of
antibiotics (Frebourg et al., 2000). However
in contrast to most other studies Robert D.
Wojtyczka et al., (2014) had reported that
there are no significant differences in
antimicrobial susceptibility between biofilm
and non-biofilm producers.

Coagulase negative Staphylococci have been
increasingly documented as a potential
pathogen in recent years. Ability to produce
biofilms and thereby emergence of drug
resistance were considered as an important
virulence factors. Biofilm producing CONS
act as potential reservoirs leading to chronic
infections. S.epidermidis has emerged as a
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most important pathogen due to its multidrug
resistance and biofilm ability and soon may
present itself as a superbug worldwide. Hence
identification,  speciation and  routine
monitoring of drug resistance pattern of
CONS isolates becomes mandatory to prevent
serious burden to the health care system
caused by CONS infections.
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