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ABSTRACT

Coagulase negative staphylococci are normal skin commensals and are frequently isolated from clinical
specimens. CoNS are a major cause of sepsis in the neonatal intensive care unit. The virulence of these
bacteria is mainly due to their ability to form biofilms on indwelling medical devices. One important
element in this process is the ica operon (intercellular adhesion operon), a gene cluster encoding the
production of polysaccharide intercellular adhesion (P1A), which mediates the intercellular adherence of
bacteria and the accumulation of multilayer biofilm . This work aimed to evaluate that pathogenic CoNS
isolates are more likely to be positive for the ica operon and to produce biofilm than isolates isolated
randomly from healthy individuals. Also to compare between antibiotic sensitivity of biofilm producing
CoNS isolates and non-biofilm producing CoNS isolates. Finally to detect source of infection in neonatal
intensive care unit using biotyping, antibiogram and plasmid profile as epidemiological markers. This
study was conducted from April 2010 to April 2011, at Medical Microbiology and Immunology
Department, Faculty of Medicine Zagazig University. The study included 40 neonates admitted to NICU,
with picture of bacteremia with the mean age 17.43+ 7.2 days. From them 40 blood samples were taken
from peripheral sites and 40 skin swabs were taken from axilla for culture on blood culture bottles and
blood agar respectively. 40 age matched healthy neonates as control group and 25 health care workers
from NICU to detect source of infection were enrolled in the study. The biofilm production was examined
using congo red agar and the presence of genes icaA, icaD were determined by PCR. Biotyping,
antibiogram and plasmid profiles were used as epidemiological markers to detect source of infection in
NICU. The isolated CoNS were (32.5% , 37.5%, 20% and 24 from blood samples, skin swabs, control
and health care workers respectively and the most common isolated organism was S. epidermidis
followed by S. haemolyticus then S. hominis. Also the results of qualitative detection of biofilm formation
were 69.2%, 33.3% and 33.3% from the studied specimens respectively but all control were non-biofilm
forming. The icaA and icaD genes were 76.9% , 40% and 33.3% from studied specimens respectively but
both genes were not found in any control isolates. We conclude that the isolates of CONS infections are
more likely to be positive for ica operon and health care workers play a role in dissemination of CONS
infection in hospital.

INTRODUCTION associated with a significant increase in
morbidity, mortality, duration of hospital stay
Coagulase negative staphylococci (CoNS) and overall cost of treatment °.
are normal inhabitants of human skin and Sepsis due to CoNS is common in the
mucous membranes. They have long been NICU. The incidence of CoNS sepsis varies
dismissed as culture contaminants. Later on between 1.3 and 19.9% depending on birth
CoNS are recognized as etiologic agents of wide weight and gestational age. Most of these
variety of infections. CoNS play a role in infections respond well to vancomycin, the first
bacteremia, central nervous system shunt drug of choice. A minority of neonates develops
infection, endocarditis, urinary tract infection, a persistent staphylococcal bacteremia, which
surgical site infection, endophthalmitis, foreign does not respond to vancomycin. For these
body infection and many other infections. neonates rifampin may be a Safi and effective
Patients with CoNS infections are usually additive treatment to vancomycin”.
immunocompromised, with indwelling or The virulence of these bacteria is mainly
implanted foreign bodies . due to their ability to form biofilms on
CoNS are a major cause of sepsis in the indwelling medical devices. Biofilm related
neonatal intensive care unit (NICU) especially infections often fail to respond to antibiotic
late onset sepsis in preterm infants %, chemotherapy guided by conventional antibiotic
Approximately 17% of very low birth susceptibility tests *.
weight (<1500gm) neonates develops an The mechanism by which CoNS attach to
episode of CoNS bacteremia and this event is prosthetic material and elaborate biofilm is
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being increasingly understood. This is a
complex and multistep process °.

One important element in this process is the
ica operon (intercellular adhesion operon), a
gene cluster encoding the production of
polysaccharide intercellular adhesion (PIA),
which mediates the intercellular adherence of
bacteria and the accumulation of multilayer
biofilm .

The operon is composed of five genes,
icaA, icaD, icaB, icaC and icaR. IcaA and icaD
were chosen to be tested in this study due to
their importance in the operon, as they code for
proteins (icaA,D) that together represents a
novel enzyme combination that is responsible
for the production of PIA .

CoNS have become the leading cause of
infections due to its biofilm formation.
Numerous studies have shown that coagulase
negative staphylococci biofilm formation is a
two step process, in which bacteria first adhere
to the surface (initial attachment phase), and
subsequently form cell to cell aggregates and a
multilayered architecture (accumulative
phase).In the accumulative phase the PIA,
encoded by the ica ADBC locus is the major
component mediating intercellular adhesion °.

Multiresistant ~ staphylococci  frequently
cause nosocomial infections. Also many
staphylococcal antibiotic resistance

determinants are plasmid encoded. The wide
variety of plasmids present in staphylococci has
made the use of plasmid profiles convenient for
studying outbreaks caused by these bacteria '*.

The aim of this study was to evaluate that
pathogenic CoNS isolates are more likely to be
positive for the ica operon and to produce
biofilm than isolates isolated randomly from
healthy individuals. Also to compare between
antibiotic sensitivity of biofilm producing CoNS
isolates and non-biofilm producing CoNS
isolates. To detect source of infection in
neonatal intensive care unit using biotyping,
antibiogram  and  plasmid  profile as
epidemiological markers.

SUBJECTS, MATERIAL &
METHODS
This work was carried out in the

Microbiology & Immunology Department and
neonatal intensive care unit (NICU), Faculty of
medicine, Zagazig University in the period from
April 2010 to April 2011.
Subjects:
1. Patients included 40 neonates admitted to
NICU, Pediatric Department, Zagazig
University Hospitals (22 males and 18

females, with mean age 17.43+ 7.2 days
and age range 1-30 days) with picture of
suspected  bacteremia (as  suspected
clinically by NICU doctor). 40 blood
samples were taken from peripheral sites
and 40 skin swabs were taken from axilla.

2. Control included 40 healthy neonates who
had no features of sepsis chosen randomly
(24 males and 16 females, with mean age
16.8+ 7.6 days and age range 1-30 days).
From them 40 skin swabs were taken from
axilla.

3. Health care workers included 25 health
care workers from NICU (19 females and 6
males, with mean age 28.5+6 years and age
range from 20 to 35 years). They were 5
doctors, 15 nurses and 5 workers (skin
swab were taken to detect source of
infection).

Methods:

Blood samples were cultured on blood
culture bottles, and skin samples were plated on
blood agar and incubated at 37°C for 24 h 2.

1- Identification of CoNS (according to
Barid").

Species identification was performed by using
the API Staph .

2- Antibiotic susceptibility testing: as
recommended by ( NCCLS ) was performed by
using disk diffusion method: using antibiotic
discs (Penicillin (P) 10 units. Ampicillin (AMP)
10 pg. Amoxicillin-clavulanate (AMC) 20
pg+10 pg. Methicillin (ME) 5 pg. Cephradine
(CE) 30 pg. Vancomycin (VA) 30 pg.
Gentamycin (CN) 10 pg. Tetracycline (TE) 30
pg. Chloramphenicol (C) 30 pg. Erythromycin
(E) 15 pg. Ciprofloxacin (CIP) 5 pg. Rifampin
(RA) 5ug).

3- Detection of biofilm production:
Qualitative detection was done by using congo
red agar (CRA). The medium was composed of
brain heart infusion broth (Oxoid) (37 gm/l),
sucrose (Sigma) (5 gm/l), agar number 1(Oxoid)
(10 gm/1) and congo red dye (Sigma) (0.8 gm/1).
Black colonies with a dry crystalline
consistency indicated biofilm production while
red colonies indicate no biofilm production'>",
4 - Detection of the icaA and icaD operon:

DNA extraction:

- Chromosomal DNA was extracted from
isolated colonies by using QIAamp® DNA Mini
kit (Qiagen GmbH, Hilden, Germany).

DNA amplification:

PCR-GOLD Master-Mix Beads (Bioron, The
ENZYME Company, Germany).Each bead
contains all of the necessary reagents, except
primer and templet for performing a 20 ul PCR
amplification reaction.
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Primers (Qiagen): for PCR amplification
For detection of icaA,

Forward primer sequence is:
5'-TCTCTTGCAGGAGCAATCAA 73

Reverse primer sequence is:
5-TCAGGCACTAACATCCAGCA?3
For detection of icaD,

Forward primer sequence is:
5'-ATGGTCAAGCCCAGACAGAG3

Reverse primer sequence is:
5-CGTGTTTTCAACATTTAATGCAA3
Primers were designed to give a predicted
product size of 188- bp for icaA gene and 198-
bp for caD gene13 (Bioron, The ENZYME
Company, Germany). 4 pl (25 pmol) of each
primer, 2 pul of template DNA and sterile
distilled water to a total volume of 20 pl. The
amplification was performed in a DNA thermal
cycler (DNA thermal cycle — Elmer, Cetus,
Norwalk, CT, USA), for 30 cycles,
Denaturation at 94°C for 1min, annealing at 60
°C for 1min for icaA and at 59°C for 1 min for
icaD, extension at 72°C for 2.5 min, then final
extension at 72°C for 10 min %

Detection of the amplified product were
detected by gel electrophoresis in parallel with a
molecular weight marker.

5- plasmid DNA analysis : Plasmid was
extracted from the clinical isolates by using
QIAprep® Spin Miniprep kit (Qiagen GmbH,
Hilden, Germany). The QIAprep miniprep
procedure is based on alkaline lysis of bacterial
cells followed by adsorption of DNA onto silica
in the presence of high salt. The unique silica
membrane used in QIAprep Miniprep Kits
completely replaces glass for plasmid
minipreps. The QIAprep Miniprep procedure
was analyzed using agarose gel electrophoresis.
Ten ul of the plasmid DNA preparation were
removed to a clean microcentrifuge tube and 5
pl of the loading buffer was added to the
microcentrifuge tube. The samples were loaded
to 0.8% agarose gel and molecular weight
marker (1000-20000) was run in parallel. The
gel was visualized by UV transilluminator at
320 nm wavelength and photographed.

RESULTS

Table (1) Shows that neonate group
included patients (40 neonates with picture of
suspected bacteremia from them 40 blood
samples and 40 skin swabs were taken), control
(40 healthy neonates from them 40 skin swabs
were taken) and health care workers (25 health
care workers from NICU). 13 CoNS isolates
(32.5%) were isolated from 40 blood samples,
15 CoNS isolates (37.5%) were isolated from 40

skin swabs, eight CoNS isolates (20%) were
isolated from 40 control and 6 CoNS isolates
(24%) were isolated from 25 health care
workers, 5 isolates were isolated from nurses
and only 1 isolate from workers.

Table (2) shows that S. epidermidis was the
most commonly isolated organism. There was
no statistically significant difference between
patients, control and health care workers as
regarding species.

Table (3) shows that there was statistically
significant difference between patients, control
and health care workers as regarding their
ability to produce biofilm, presence icaA gene
and icaD gene.

There was complete agreement between the
results obtained from detection of both icaA and
icaD genes. All positive icaA were also positive
for icaD and all negative icaA were also
negative for icaD.

Table (4) shows that there was very good
agreement between two tests regarding Kappa
factor.

All isolates were 100% sensitive to
vancomycin and rifampicin. The resistance to
different antibiotics is higher in biofilm forming
isolates than in non-biofilm forming isolates.
There was statistically significant difference
between them. Table (5) 34 CoNS isolated from
patients and HCW has been classified into 14
groups.

Table (6) shows that the isolated CoNS
strains from patients and HCW (34 isolates)
were found to have 9 different plasmid profiles;
it was found that 21 strains (61.8%) harbored
plasmid of different sizes. The molecular weight
of plasmids ranged from 1.3 to 14 MDa and the
number of plasmids ranged from 1 to 4. Plasmid
profiles of the isolated CoNS showed that 13
strains were plasmidless, 10 strains had a single
plasmid, 5 strains had 2 plasmids, 5 strains had
3 plasmids, while 1 strain had 4 plasmids.

Health care workers play a role in
dissemination of CoNS infections in NICU.
Only two CoNS isolates which were isolated
from hands of nurses were proved to be the
source in 3 cases of neonatal septicemia. These
2 nurse strains were multidrug resistance,
contain plasmids, biofilm producer and contain
ica genes. One strain was S. epidermidis, the
other was S. haemolyticus.

Also there were 2 strains which were
biofilm non producer but ica gene positive, one
was isolated from blood and the other strain was
isolated from skin, both were plasmidless and
non multidrug resistance.

23



Egyptian Journal of Medical Microbiology, January 2012

Vol. 21, No. 1

Table (1): Demographic data of the studied groups and Numbers, percentages of CoNS isolates
from different groups.

Neonate group No. of | Clinical No. of | Gender | Age (Range) | CoNS isolates
persons | specimens specimens | M | F No. %
Patients 40 Blood samples | 40 22 | 18 | 1-30 days 13 32.5
Skin swabs 40 22 | 18 | 1-30 days 15 37.5
Control 40 Skin swabs 40 24 | 16 | 1-30 days 8 20.0
Health care workers 25 Skin swabs 25 6 19 | 20-35 years 6 24.0
Table (2): Species identification by API Staph of CoNS isolated from neonate group.
Control Health care worker
Specimens Patient isolates isolates (8 ) | isolates (6) X2 P
Blood (13) | Skin (15) No. | % No. | %
NO. | % No. %
S. epidermidis 7 53.8 | 10 66.7 6 750 |3 50.0 1.44 | 0.69
S. haemolyticus 4 30.8 | 4 26.7 1 125 |2 333 1.0 |0.78
S. hominis 1 7.7 1 6.6 1 125 |1 16.7
S. xylosus 1 7.7 0 0.0 0 0.0 0 0.0
Table (3): PCR for icaA , icaD and Biofilm formation of CoNS isolates.
Neonatal group Patient isolates Control Health care worker X2 P
Blood (13) | Skin (15) | isolates (8) | isolates (6)
Biofilm
Positive strains 9 (69.2%) 5(33.3%) 0 (0.0%) 2 (33.3%) 10.5 0.01
Negative strains 4 (30.8%) 10 (66.7%) | 8 (100%) 4 (66.7%)
icaA
Positive strains 10 (76.9% ) | 6 (40.0%) | 0(0.0%) 2 (33.3%) 12.43 1 0.00
Negative strains 3(23.1%) 9 (60.0%) | 8(100%) 4 (66.7%)
icaD
Positive strains 10 (76.9%) 6 (40.0%) | 0(0.0%) 2 (33.3%) 12.43 1 0.00
Negative strains 3(23.1%) 9 (60.0%) | 8(100%) 4 (66.7%)

Table (4): Relation between slime production and presence of ica genes by PCR among 40 patients.

PCR Total &
— : Kappa | P
Positive Negative percentage
Biofilm | Positive 14 0 14 (50%)
Negative 2 12 14 (50%) 0.85 0.00
Total & percentage 16 (57.1%) 12 (42.9%) 28
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Table (5): Antibiogram of CoNS isolated from patients and HCW .

Group

Resistant pattern ( 12 discs )

No. of
isolates
(34)

Sources

Patient isolates

Blood Skin
isolates | isolates

Health care
worker
isolates (6)

P,AMP,AMC,ME,CE,CN,TE,C,E,CIP

o]

4 3

1

P,AMP,AMC,ME,CE.CN,TE,E,CIP

P,AMP,AMC,ME,CE.CN,TE,C,E

P,AMP,AMC,ME,CE,CN,C,CIP

P,AMP,AMC,ME,CE,CN,C,E

P,AMP,AMC,ME,CE,TE,C.E

P,AMP,AMC,ME,CN,C,CIP

P,AMP,AMC,CE,CN,TE,E

P,AMP,AMC,CN,TE,E

P,AMP,AMC,CE,E,CIP

P,AMP,AMC.E

P,AMP,CN,E

P,AMP,AMC
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Table (6): Plasmid profile of CoNS isolated from patients and HCW.

Pattern
Number

No. of
isolates
(34)

M.W of detected plasmid in
kpb

Sources

Patient isolates

Blood isolates
13)

SKkin isolates

s)

Health care
worker
isolates (6)

plasmidless 13

3

2

|

2.465 kpb (1.6 MDa) 2

11

2.589 kpb (1.7 MDa)

11

v

2
10.000 kpb (6.6 MDa) 3
2.787 kpb (1.8 MDa) 2
15.874 kpb (10.5 MDa)

e el 1 N 1 k=)

— N ||~

1
0
0
0

\%

2.405 kpb (1.6 MDa) 3
21.14 kpb (14 MDa)

1

VI

1.948 kpb (1.3 MDa) 2
3.224 kpb (2.1 MDa)
9.147 kpb (6.1 MDa)

0

Vi

2.265 kpb (1.5 MDa) 3
8.305 kpb (5.5 MDa)
21.14 kpb (14 MDa)

VIII

1.948 kpb (1.3 MDa) 1
2.265 kpb (1.5 MDa)
7.248 kpb (4.8 MDa)
21.14 kpb (14 MDa)

IX

21.14 kpb (14 MDa) 3
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Fig. (1): PCR detection of icaA gene
Lane 1, 8 DNA molecular weight markers
Lane 7 negative control

Lane 3, 4 negative strains

Lane 2, 5, 6 positive strains (188-bp)

Fig. (2 ): PCR detection of icaD gene
Lane 1, 8 DNA molecular weight markers
Lane 7 negative control

Lane 3, 4 negative strains

Lane 2, 5, 6 positive strains (198-bp)

Fig. (3): Plasmid profile of some of the studied CoNS isolates.
Lane 1 shows molecular weight marker

Lane 2 shows 1 plasmid (10.000 bp)

Lane 3 shows 2 plasmids (2787, 15874 bp)

Lane 4, 6, 7 show plasmidless strains

Lane 5 shows 1 plasmid (2589 bp)

Lane 8 shows 3 plasmids (2265, 8305, 21140 bp)

DISCUSSION

Coagulase negative staphylococci are
normal inhabitants of human skin and mucous
membranes. They have long been dismissed as
culture contaminants, but now CoNS are a
major cause of nosocomial and health care
related infections. CoNS are the major cause of
sepsis in NICU '

The pathogenic potential of this commensal
organism is not clearly known and may be due
to ability to adhere to biomaterial and
production of extracellular slime, a mechanism

by which it can cause severe and irreducible
infections '*

Slime production is under genetic control
and is mediated by the ica operon, a
polysaccharide intercellular adhesion (PIA) is
synthesized, this supports cell to cell bacterial
contact by means of a multilayered biofilm '°.
Biofilm impair the penetration of antibiotics,
normal immune responses and increase
difficulty of eradicating biofilm infections 7.

Our results show that out of 40 patients,13
CoNS isolates (32.5%) were isolated from 40
blood samples, 15 CoNS isolates (37.5%) were
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isolated from 40 skin swabs samples, eight
CoNS isolates (20%) were isolated from 40
control and 6 CoNS isolates (24%) were
isolated from 25 health care workers.

These results agree with the results of de
silva et al > who found that CoNS are a major
cause of sepsis in NICU. Also these results go
well with results of Dobbins '® who found that
37% of infections were caused by CoNS.

This study shows that S. epidermidis was
the predominant CoNS among blood samples,
skin swabs of patients, control and health care
workers  (53.8%, 66.7%, 75%, 50%
respectively), followed by S. haemolyticus then
S. hominis and S. xylosus.

These results agree with results of Koura et
al ' who reported that S. epidermidis was the
predominant CoNS (79.0%), S. haemolyticus
(4.6%), S. hominis (2.3%) and S. xylosus
(2.3%).

We aimed to evaluate that ica operon and
biofilm production are associated with CoNS
diseases. The biofilm production was examined
using qualitative congo red agar (CRA), and the
presence of genes icaA, icaD was determined by
PCR.

Congo red agar method has significant
clinical applicability; it can be used in routine
diagnostic bacteriology laboratory. Because of
its rapidity, the results of the test could be
provided along with the final culture and
sensitivity report on the second post inoculation
day thus, ascribing the isolate as having a
pathogenic potential and not as a mere
commensal .

Our results show that out of 13 CoNS
isolated from blood samples , 9 isolates (69.2%)
were able to form biofilm as detected by CRA,
while out of 15 CoNS isolated from skin swabs ,
5 isolates (33.3%) were biofilm forming.

These results are matched with the results
obtained by Arciola et al * who found that the
percentage of biofilm formation among CoNS
was 49%, and Muller et al ° found that 46% of
CoNS are biofilm producer by CRA. Ziebuhr et
al 2! had reported higher incidence, they found
that 87% of CoNS isolates are biofilm forming
while de silva et al * reported that only 25% of
the tested CoNS were biofilm positive by CRA.
Nayak et al * found that 57% of CoNS strains
were slime forming on CRA.

We found that CoNS isolated from skin
swabs from neonate with neonatal septicemia
are more than CoNS isolated from healthy
neonate and also 33.3% of them have the ability
to form biofilm however non of control isolates
have the ability to form biofilm, this suggested
that neonate in NICU replace their own

commensal flora by hospital strains.
Widerstrom et al > stated that colonization of
patients with CoNS precedes infection with
these organisms.

The difference in these results may be
explained by the difference in locality and
environmental conditions, taking in mind the
fact that the ability of biofilm production
although controlled by a chromosomal gene,
this gene can be transferred from one strain to
another by conjugation and so can be more
predominant or less predominant in different
localities *.

None of the isolates of control group
(commensals) included in our study shows the
ability to produce biofilm. These results are the
same results obtained by Arciola et al ** and de
silva et al 2. This can be explained by the fact
that biofilm production is a virulent factor and
the control isolates which is comprised from
commensal strains are not virulent 2.

In our study for the genetic basis of biofilm
production the ica operon was chosen. This
choice depends on the fact that, although the
genetic basis of biofilm formation in CoNS is
multifactorial, synthesis of a polysaccharide
adhesion by ica ADBC-encoded enzymes is the
best understood mechanism of CoNS biofilm
development **.

Our results show that 10 isolates (76.9%)
out of 13 CoNS isolated from blood samples
and 6 isolates (40%) out of 15 CoNS isolated
from skin samples contain icaA gene. The gene
was not found in any of the control isolates.
Among 6 CoNS isolated from health care
workers, only 2 isolates (33.3%) contain icaA
gene.

In another study, PCR method used for
detection of ica operon was very sensitive
among CoNS species isolated from blood of
infected neonates and from the skin of infected
and healthy ones. They reported that 40% of
CoNSS strains were positive for ica operon .

Our PCR results had shown that both icaA
and icaD gene are either present in certain strain
or absent, and no single strain had shown the
presence of one gene. Our results regarding this
point agree with results of Arciola et al ** and de
silva et al®.

These results confirm the fact that both
genes are part of one operon and so, either the
entire operon is present or absent .

In this study, both the icaA and icaD genes
are present in all biofilm producing strains; this
indicates that the presence of both genes is
essential for biofilm production. This result is
supported by the results of a study done by
Mack et al®®, who had inactivate each gene
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separately by insertion of different transposone
and both insertions had lead to complete
inactivation of PIA synthesis.

Gerke et al '® found that inactivation of
icaD lead to the loss of cell aggregation and PIA
production indicating that icaD plays an
essential role in intercellular adhesion and PIA
production in vivo. Meretro et al > had shown
the importance of icaA gene for the production
of PIA.

Ica locus is a virulence marker for clinically
significant CoNS isolates. Its presence in a high
percentage of clinical isolates and its association
with the strains ability to produce slime strongly
suggests a role of icaA and icaD in the
pathogenic mechanism of CoNS infections. The
genotype characterization by PCR represents a
highly sensitive method for the detection of ica
locus ",

Our results indicate that 50% of CoNS
isolated from patients were positive for slime
production where 57.1% were positive for icaA,
icaD genes. There was a positive correlation
between slime production by CRA plate and the
presence of ica genes by PCR.

PCR can detect ica operon in strains that
appear to be non-biofilm producers with CRA.
We found 2 strains which are biofilm non
producer but ica gene positive, one was isolated
from blood, the other strain was isolated from
skin, both were plasmidless and non multidrug
resistance.

These results agree with the result of
Handke et al ?® who had reported the presence
of biofilm negative staphylococci that contain
the ica operon. The presence of ica operon
among the biofilm negative strains had been
extensively explained by many authors. Some
authors consider point mutation in the icaA gene
of biofilm negative strains as an important
explanation and this also was suggested by de
silva et al 2.

Another explanation had been made by
Moretro et al >’ and Ziebuhr et al *' who found
that 1.332 bp sequence element, known as IS
256, causes inactivation of icaA gene and leads
to biofilm negative phenotype forming.

Also Mack et al * had genetically
engineered 9 biofilm negative strains that
contain ica operon, this had resulted from
transposon insertion in different chromosomal
loci, four loci within the ica operon and five loci
outside the operon.

Handke et al *® stated that the finding of the
prevalence of the ica locus among biofilm
negative strains might be explained by low level
of expression of the ica locus in those strains
due to strict gene regulatory mechanism.

However these results are different from the
results obtained by Arciola et al ** who found
that biofilm negative staphylococci lake these
two genes and thus had suggested that the
phenotypic change may be caused by a deletion
of the ica operon rather than an insertion event
which inactivates the ica genes.

Nofal et al * stated that, CRA and PCR are
both valid tests in the detection of biofilm
formation. The choice should depend on the
health condition of the patient and the
availability of different reagents, also an
economic background must be put in mind.
PCR is a rapid tool of diagnosis especially if we
consider that a large proportion of patients are
critically ill and rapid diagnosis is required. On
the other hand for cases which can tolerate
delay in diagnosis and also for research work it
is more important to differentiate between
virulent and avirulent strain by CRA.

In our study show that CoNS isolates from
blood samples were resistant to penicillin
(100%), ampicillin (100%),
amoxicillin/clavulonic acid (100%), methicillin
(76.7%), cephradin (92.3%), gentamycin
(84.6%), tetracyclin (84.6%), chloramphenicol
(61.5%), erythromycin (92.3%) and
ciprofloxacin (53.8%) whereas all isolates were
sensitive to vancomycin and rifampicin.

This finding is close to results of Koura et
al ™ who found that most isolates of CONS were
resistant to penicillin (95%), ampicillin (85%),

gentamyvin  (80%), cefotaxime  (80%),
tetracyclin  (75%), amoxicillic (75%) and
oxacillin  (74%) whereas resistance to

vancomycin and teicoplanin was found in only
two strains (5%).

Our results coincided with others who
found that most strains were resistant to
penicillin and tetracycline and 5.1% of CoNS
were resistant to vancomycin *° and others
showed that 100% of CoNS were sensitive to
vancomycin *'.

The difference in susceptibility tests would
be due to difference in the study duration,
population and hospital care patterns of the
antimicrobial prescription.

We observed that resistance to different
antibiotics is higher in biofilm forming isolates
than in non-biofilm forming isolates. This is in
agreement with Koura et al ™ who found that
slime positive isolates were multidrug resistance
as compared to slime negative isolates.

Also Koksal et al * reported that
methicillin resistance was significantly higher in
slime positive isolates (81%) than in slime
negative isolates (57%).
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This can be explained by the fact that
biofilm is the most important virulence factor of
CoNS because it enables attachment and
persistence of bacteria and enhances bacterial
resistance to antibiotics and host defense
mechanisms **.

In this study antibiogram have been used
for phenotyping of CoNS isolates. According to
antibiogram the neonatal cases and HCW
isolates (34 isolates) have been classified into
14 groups indicating that antibiogram could be a
relatively sensitive marker.

A lot of workers have also successfully
used antibiogram for typing their nosocomial
isolates™. This was contraindicated by other
workers who reported limited usefulness and
low discriminatory power of antibiotyping in
comparing different isolates in epidemiologic
studies *°.

Antibiogram might be non reproducible in
many instances due to the probable exchange of
R factor among isolates .

To overcome limitation of phenotypic
analysis, genotypic methods have been used for
strain typing of CoNS. Plasmid profile has been
used widely in this field as it is simple rapid
molecular technique.

Plasmid profile analysis was done among
neonate cases and HCW in NICU. In our study
it was found that 21 isolates (61.8%) out of 34
isolates harbored plasmids of different sizes.
The molecular weight of plasmids ranged from
1.3 to 14 MDa and the number of plasmids
ranged from 1 to 4.

In our study, the detected plasmid sizes
were 1.3, 1.5,1.6,1.7,1.8,2.1,4.8,5.5, 6.1, 6.6,
10.5, 14 MDa. Plasmid profiles of the isolated
CoNS showed that 13 strains (38.2%) were
plasmidless, 10 strains had a single plasmid, 5
strains had 2 plasmid, 5 strains had 3 plasmids,
while 1 strain had 4 plasmids. The isolated
CoNS strains were found to have 9 different
plasmid profiles. Thus, possession of a different
class of plasmids by the isolate might reflect
different degree of virulence and differing
pathogenicity *.

Plasmid profiles were first used to
distinguish different strains of CoNS by Parisi
and Hecht *® who were able to demonstrate the
existence of a common strain of S. epidermidis
causing infection among infants in a neonatal
unit. These findings suggested that the infective
strain was being passed from infant to infant.

Abo El-Ela and Al-Essa ¥ suggested that
plasmid subtyping method is discriminative and
sensitive. Other workers found plasmid analysis
was of no value in epidemiologic studies
because of instability of plasmids, which might

be lost during storage®. Moreover genetic
unrelated strains may harbor the same
plasmid*'. Additionally fragile plasmid or
plasmids found in low copy number are difficult
to extract *°.

Our finding may indicate that health care
workers play a role in dissemination of CoNS
infections in the hospital. Only 2 CoNS isolates
which were isolated from hands of nurses were
proved to be the source in 3 cases of neonatal
septicemia. These 2 nurse strains were
multidrug resistance, contain plasmids, biofilm
producer and contain ica genes. One strain was
S. epidermidis, the other was S. haemolyticus.

These results suggesting  horizontal
transmission of epidemic strain from one patient
to another through hospital staff. Hira et al.*?
stated that hospital personnel can be responsible
for spreading multiresistant CoNS isolates. In
conclusion isolates of CoNS infections are more
likely to be positive for ica operon and to
produce biofilm than isolates separated
randomly from healthy individual. Both CRA
and PCR are valid tests for detection of biofilm
formation. Plasmid profile has a role in
epidemiological typing of CoNS isolates. Health
care workers play a role in dissemination of
CoNS infections in the hospital. Presence of
biofilm enhances resistance to different
antibiotics. We recommended that infection
control program to prevent spread of infections
through hands of HCW. Increase concentration
of antibiotics (if possible) to be effective against
biofilm producing bacteria.
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