Egyptian Journal of Medical Microbiology

Volume 27 / No.1/ January 2018 65-73 Online ISSN: 2537-0979

ORIGINAL ARTICLE

Phenotypic and Genotypic Characterizations of Staphylococcal
Biofilm Formation from Neonatal Infection Isolates

'Eman A. Abd Al Rhman, 'Naglaa F. Abd El Haliem*, *Effat M. Hassan, ‘Lamia I. Al

Seadawy, 'Daad F. El Fouhil, *Zienab F. Asheiba
Departments *Microbiology & Immunology, ?Pediatrics Faculty of Medicine for Girls, Al Azhar University, Cairo,

Egypt

Key words:

Neonatal sepsis,
Staphylococci-biofilm
formers, icaAD genes and
multidrug resistance

*Corresponding Author:
Naglaa Farouk Abd EI Haliem
Faculty of Medicine for Girls,
Al Azhar University, Cairo,
Egypt

Tel: 01222279566-
01022338787
Naglaafarouk97@gmail.com

ABSTRACT

Background: Staphylococci are implicated as the main causes of biofilm-associated
neonatal infections (NIs). Objectives: This study aimed to investigate biofilm formation
by Staphylococci isolated from newborns with neonatal sepsis and comparing and
analyzing Staphylococcal biofilm-forming capacity and multidrug resistance.
Methodology: One hundred blood cultures and thirty endotracheal tube specimens of
neonates with septicemia were comprised in this study. Staphylococcal isolates were
detected by conventional methods and investigated for biofilm formation by Microtiter
plate (MTP), Tube method (TM) and Congo red Agar (CRA) detection methods followed
by detection of icaA & icaD adhesin genes by Multiplex-PCR. Results: Among the
isolated strains, fifty Staphylococcal strains were studied for biofilm formation and
antibiotic susceptibility. They were 56%, 68%, 88% positive biofilm formers by MTP,
TM and CRA detection methods, respectively. While, they were 28 (56%) positive biofilm
formers by PCR. Out of the 28 icaAD positive staphylococcal isolates 27 (96.4%) were
TM and CRA-positive, but only 15 (53.5%) were MTP-positive. The correlation between
the sensitivity and specificity of phenotypic biofilm detection methods with PCR, was
96.4%, 96.4% and 53.5% sensitivity for TM, CRA and MTP methods, while they were
68.1%, 22.7%, 40.9% specificity comparing with PCR, respectively. There was a
statistical significant difference between antibiotic resistances among them whereas
strong biofilm formers were more resistant to all tested antibiotics compared to
moderate and weak biofilm formers. Conclusion: TM is easy, reliable with excellent
sensitivity method for detection of biofilm in neonatal nosocomial infections, as
compared to CRA and MTP methods. Further investigation of the genetic variations of
adhesion genes are needed for better evaluation of staphylococci biofilm forming
capacity and multidrug resistance.

INTRODUCTION

Staphylococci are considered a common causes of
neonatal nosocomial infections, particularly in
premature newborns or those hospitalized in a neonatal
intensive care unit (NICU) for a long time with invasive
procedures and antibiotic management *. Coagulase-
negative staphylococci (CoNS) are main nosocomial
pathogens producing late onset sepsis in neonates
frequently associated with use of indwelling vascular
catheters. Neonatal CoNS infections cause significant
morbidity, particularly between infants with very low
birth weight 2. Moreover, CONS commonly show multi-
resistance to antimicrobials. Though, the correlation
between clinical effect of CoNS infections and
antimicrobial resistance is unknown. Staphylococci are
also implicated as the most common causes of biofilm-
associated infections * .

Biofilms are highly organized communities of
microbes made up of one or more species attached to
biotic or a biotic solid surface and often encased in an
extracellular matrix which composed of proteins,
polysaccharides and nucleic acids “. It has been found to
be involved in 80% of all microbial infections in the
body. It have been implicated in middle ear infections,
urinary tract infections and endocarditis °. Biofilms can
also be formed on the inert surfaces of implanted
devices such as catheters, prosthetic cardiac valves and
intrauterine devices®. S. epidermidis was the first species
to be described as a biofilm producer; however, the
same ability is encountered in S. aureus and other
coagulase negative Staphylococcus species .

Polysaccharide intercellular adhesin (PIA) encoded
by the icaADBC operon is the most important
characterized constituent of staphylococcal biofilms 22,
Just ica operon is activated, icaA, ica D, icaB and icaC
proteins are transcribed. The icaA expression produces
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low enzymatic activity; but, the expression of icaA and
icaD simultaneously promotes a clear increase in the
polysaccharide amount & °.

The current study aims to investigate the biofilm
formation by Staphylococcal clinical isolates of
newborns suffering from neonatal sepsis by different
phenotypic methods and detect genes associated with
biofilm formation. Comparing these methods of
detection of biofilm formation to reach the most
appropriate method. And analyzing the association
between biofilm forming capacity and multidrug
resistance in staphylococci.

METHODOLOGY

Patients

One hundred and thirty neonates with clinical
symptoms and signs of sepsis admitted to Al-Zhraa and
Sayed Galal NICUs are enrolled in this study. They
were 83 (63.8%) males and 47 (36.2%) females. They
were complaining from poor reflexes, lethargy,
respiratory distress, bradycardia, apnea, or bleeding,
increased C-reactive protein, increased or decreased
WBCs. Neonates having major surgically uncorrectable
lethal anomalies, preterm < 28 weeks and birth weight <
750 gm were excluded.

Specimens collection

Blood cultures for 100 neonates suffering from
sepsis and end tracheal tube cultures (ETT) for 30
neonates with ventilator associated pneumonia (VAP)
were collected. Two mls of blood were taken by vein
puncture under complete aseptic conditions and
inoculated immediately into blood culture bottles
(Hexa-Biotech, Italy). Tips of endotracheal tubes were
aseptically cut by using sterile scalpels and were
immediately transferred to sterile cups containing
trypticase soya broth (TSB) (Difco, Detroit, Michigan)
as a transport medium.

Bacterial cultures

Blood culture bottles and cups containing the tips of
endotracheal tubes were immediately transferred to
microbiological lab for overnight incubation under
aerobic condition at 37°C. Subcultures on blood agar,
nutrient agar (Lab M, IDG, UK), MacConkey’s agar
(Difco, Detroit, Michigan) and sabouraud dextrose agar
(Biolife, Italy) were done and were incubated at 37°C
for 24h under aerobic condition. Subcultures were
repeated every other day and they were discarded after
two weeks.

Staphylococci  were identified by conventional
method and the isolates were kept at —20°C in brain
heart infusion broth (BHIB) containing 12% glycerol.
Biofilm detection

Biofilm formation by the staphylococcal isolates
was detected by three phenotypes and one genotypic
method.

Congo red Agar (CRA) method:

Screening of biofilm formation by Staphylococcal
isolates were completed as the method described by *°.
Briefly, Congo red Agar medium [BHIB (37 gms/L),
agar (10 gms/L), sucrose (50 gms/L) and congo red
stain (0.8 gms/L)] were used. Staphylococcal isolates
were cultured and incubated aerobically at 37°C for 48
hours. Black colonies appearing indicating a positive
result, while non-biofilm producers give pink colonies.
Micratiter plate method (MTP):

MTP method for detection of biofilm formation is a
quantitative method. The procedures were done as
described by'. The Microtiter-plate reader at 630nm
was used for reading of optical densities (OD) of stained
adherent bacterial films. The mean OD values were
exactly calculated for all tested isolates in comparison
with negative controls. The cutoff value (ODc) was then
established.

Tube method (TM):

Tube method one of the important qualitative
methods used for biofilm detection. The complete
procedures were completed as *2.

Genotypic method:

icaA and icaD genes are associated with biofilm
formation. Coexpression of these genes was done
according to .

DNA extraction

DNA was extracted by heat shock . Aliquotes
(5ul) of the extracted DNA were subjected to the
detection of staphylococcal 16S rRNA. The total
reaction mixture was 50ul contained 25 pl of master
mix (Qiagen- Germany), 5 ul of the extracted DNA, and
2 WUl of each primer with 16yl of distilled water. Primers
used for icaA detection were, 5'-
TCTCTTGCAGGAGCAATCAA as the forward
primer, and 5'-TC AGGCACTAA CATCCAGCA as the
reverse primer, (Qiagen- Germany). Primers of icaD
were, 5-ATGGTCAAGCCCAGACAGAG as the
forward primer and 5-CG TGTTTTCAAC ATTT A
ATGCA A as the reverse primer, (Qiagen- Germany).
Deatection of icaA and icaD

PCR was performed to detect icaA and icaD genes
using the methodology previously described by **. The
amplification was carried out by using a DNA Thermal
cycler (Biometra-Germany) with an initial incubation at
94°C for 5 min for one cycle, denaturation at 94°C for
30s, annealing at 54°C for 30 second, extension at 72°C
for 30 second repeated for 35 cycles and a final
extension step at 72°C for 8 minutes after the last cycle.
Full precautions were taken to prevent contamination
and internal positive and negative controls were
included.

Evaluation of the pattern of DNA amplicons

After amplification, 17 pl of the PCR products were
electrophoresed in 1% (W/V) agarose gel (Bioline,
London, UK) containing 1pul/mL ethidium bromide and
run in a horizontal gel electrophoresis unit (Mini-Sub
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DNA cell, BioRad). The bands were visualized by
ultraviolet illumination (Foto/Phoresisl) using a
transilluminator and gels were recorded as digital TIFF
images using a gel documentation system (UVITech).
The amplicon was checked for size using 50 bp ladder
(Qiagen-Germany), the expected size of the amplicon of
icaA was 188bp and the expected size of the amplicon
of icaD was 198bp. This was confirmed by the positive
control and marker molecular weight.

Antibiotic susceptibility testing for biofilm forming
staphylococcal isolates:

This is performed on Mueller-Hinton agar as
described by ** and test samples were incubated for 18h
at 35+1°C. Vancomycin (30 ng), meropenem (10 pg),
oxacillin (1 pg), gentamycin (10 pg), erythromycin (15
ug), ampicillin (10 ug), ceftriaxone (30 pg), cefazoline
(30 pg), and ampicillin/sulbactam (20/10 pg) were used.
The diameter of the clear zone of growth inhibition was
measured after incubation and the samples showed that
halos sensitivity > 13 mm and > 18 mm were classified
as sensitive.

Minimal inhibitory concentration (MIC) and Minimal
biofilm inhibitory concentration (MBIC)

MIC and MBIC were used for determination of
biofilm forming staphylococcal isolates by broth micro-
dilution method using 96 well microtiter plates and the
results were interpreted according to *°. Meropenem and
vancomycin were used, as the biofilm forming
staphylococcal isolates were commonly sensitive to
them by disk diffusion method. MIC is defined as the
lowest concentration of an anti-microbial agent that
inhibit the visible growth of a microorganism after
overnight incubation, while MBIC which corresponds to
the lowest concentration of antibiotic which inhibit the
growth of biofilm cells as indicated by the absence of
observable growth. A positive control and a negative
control were included in all experiments.

Statistical Analysis:

Summary of measures was reported as mean =+
standard deviation (SD) for quantitative variables, and
percentages for categorical variables, and. P value was
considered statistically significant at < 0.05. Analyses
were performed using the SPSS (Statistical package for
social science) computer program version 17.0 software.
The sensitivities and specificities of the phenotypic
methods for biofilm production were calculated as
described by *°.

RESULTS

Current study was conducted to determine the
frequency of Staphylococcal biofilm  formation
associated with sepsis among neonatal infection
isolates. One hundred and thirty neonates with neonatal
sepsis who were admitted to Al zahraa and Sayed Galal
NICUs, 63.8% of them were males and 36.2% were
females were conducted in this study. Of the 130
neonates, 50.7% had very low birth weight, and the
majority of cases 63% were preterm (Table 1).

Table 1: Patient Demographics:

Data of neonates (No. =130) %

Gender:

Male 83 (63.8%)

Female 47 (36.2%)
Birth weight:

<1500g 66 50%

1500-2500g 45 36%

>25009 19 14%
Gestational age:

<38ws (preterm) 82 63%

>38ws (full term) 48 37%
Delivery type:

Caesarian section (CS) 79 60.7%

Normal vaginal delivery 51 39.3%

One hundred and twenty five isolates were isolated
from 130 clinical samples (100 blood samples and 30
endotracheal tubes). As regard type of bacterial growth,
74% of blood cultures had monomicrobial growth,
while 6% had mixed growth (2 isolates/sample) and no
growth was detected in 20% of blood cultures. In
endotracheal tube cultures 86.6% of cultures showed
monomicrobial growth, while 13.4% were had mixed
growth.

Ninety one organisms were isolated from positive
blood cultures (BC), staphylococci were the most
prevalent microorganism, followed by Gram negative
bacilli, Gram negative cocco-bacilli, Candida species
and Streptococci isolates were detected. While thirty
four organisms were isolated from positive endotracheal
tube (ETT) cultures, the staphylococci were the most
prevalent microorganisms also, followed by Gram
negative bacilli and Candida isolates were detected
(Table 2).

Table 2: Types of organisms isolated from blood and endotracheal tube cultures:

Isolates of BC Isolates of ETT cultures
Isolates (No.=91) (No.=34)

No. % No. %
Staphylococcus aureus 19 20.8% 15 44.1%
Gram negative bacilli 26 28.6% 14 41.1%
Gram negative cocco-bacilli 12 13.1% - -
Candida spp. 15 16.5% 2 5.9%
Staph epidermidis 13 14.2% 3 8.8%
Streptococci 6 6.5% - -

Egyptian Journal of Medical Microbiology

67

www.ejmm-eg.com  info@ejmm-eg.com



Abd Al Rhman et al. / Biofilm Fomring Staphylococci in Neonatal Sepsis, Volume 27 / No. 1/ January 2018 65-73

In the current study, fifty isolates of staphylococci
were evaluated for their ability to form biofilms by four M 2 3 2 5 6
screening methods. Three phenotypic methods; Congo
red agar method (figure 1), Micro titer plate method
(figure 2), Tube method (figure 3) and one genotypic
method (PCR) for detection of icaA & icaD genes,

(figures 4 & 5). i5shp

Fig. 4: Ethidium bromide stained 1.5% agarose gel
electrophoresis showing: lane 1: MW DNA marker of
50bp ladder, Lane 2&3: positive isolates for icaA gene
(188bp), Lane 4: negative isolates for icaA gene, Lane 5:
positive control and Lane 6: negative control

Fig. 1: Staphylococcal biofilm formation screening
by Congo red agar method. A: Positive (black
colonies), B: negative (pink colonies)

Fig. 2: Biofilm formation detection of by microtiter plate
method, A: strong, B:weak, C: non biofilm formers,
D: negative control Fig. 5: Ethidium bromide stained 1.5% agarose gel
electrophoresis showing: Lane 1: MW DNA marker of
50bp ladder, Lane 2: negative control. Lane3: positive
control Lane 4, 6, 7, 8: positive isolates for icaD gene
(198bp). Lane 5: negative isolate for icaD gene.

Among fifty isolates of staphylococci were
evaluated for their ability to form biofilms, 88%, 68%,
56% were positive-biofilm formers by CRA, MTP, and
TM detection methods, respectively. While, 56% were
PCR-positive (Tables 3 & 4). By comparing the
phenotypic biofilm detection methods with icaA & icaD

= genes detection, 96.4% of staphylococcal isolates were
Fig. 3: Detection of biofilm formation of Staphylococcal positive by both methods.
isolates by tube method. A: Negative control, B: Weak,

C: Moderate, D: Strong biofilm former.
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Table 3: Detection of staphylococcal biofilm formation by phenotypic methods.

Congo red agar Micro titer plate Tube method
Biofilm formation (CRA) (MTP) (TM)
No. % No. % No. %
Biofilm formers: 44 88%
Weak - - 25 ©+% 25 50%
Moderate - - - - 6 12%
Strong’ - - 3 %6 3 %6
Non-biofilm formers: 6 12% 22 44% 16 32%
Total 50 %2100 50 100% 50 100%
Table 4: Detection of icaA & icaD genes in Staphylococcal isolates by PCR:
Ica A IcaD Total
-ve +ve -ve +ve
No. % No. % No. % No. %
22 44% 28 56% 22 44% 28 56% 50

By comparing the sensitivity of the phenotypic biofilm detection methods with icaA & icaD genes detection method
they were 96.4%, 96.4% and 53.5% for TM, CRA and MTP methods, respectively. While the specificity of TM, CRA
and MTP methods in biofilm detection when compared to PCR were 68.1%, 22.7%, 40.9%, respectively (Table 5).

Table 5: Statistical evaluation of PCR compared to the phenotypic biofilm detection methods in Staphylococcal

isolates:
Method PCR (Ica+ve) PCR (Ica-ve) Sensitivity Specificity
(28) (22) (%) (%)
™ :
+ve (34) 27 7 96.4% 68.1%
-ve (16) 1 15
CRA:
+ve (44) 27 17 96.4% 22.7%
-ve (6) 1 5
MTP:
+ve (28) 15 13 53.5% 40.9%
—ve (22) 13 9
The results of screening methods of biofilm 66.6%, 33.3% and 33.3% respectively, while all S.

formation were analyzed and antibiogram studies were
done by Kirby Bauer disc diffusion method for twenty
one staphylococcal isolates (18 S. aureus isolates & 3 S.
epidermidis isolates), which showed biofilm formation
by all different methods. Among biofilm formers S.
aureus isolates the highest resistance was detected
against ampicillin and ampicillin-salbactam as all Staph
aureus isolates 100% were resistant to them, while
94.4% were resistant to ceftrixone. Resistance to
cefazoline, gentamycine and erythromycin were
detected in 66.6% of isolates, while 55.5% were
resistant to oxacillin (MRSA). The least resistance were
to meropenem 33.3% and vacomycin as only two
isolates 11.1% showed resistance (VRSA). S.
epidermidis also showed the highest resistance against
ampicillin, ampicillin-salbactam and ceftrixone as all of
the isolates 100% were resistant to them, while
resistance to cefazoline, gentamycin, erythromycin were
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epidermidis isolates were sensitive to oxacillin,
vacomycin and meropenem (Table 6).
A statistically significant difference between

antibiotic resistance among strong, moderate and weak
biofilm formers as strong biofilm formers (2VRSA &
3MRSA) were more resistant to all tested antibiotics
compared to moderate and weak biofilm formers.

In the current study, MIC was used for
determination of antibiotic susceptibility. Vancomycin
and meropenem were used and they were the most
sensitive antibiotics. A great difference in antibiotic
susceptibility between planktonic populations and
biofilm populations, whereas, MBIC>128ug/ml &
MIC=2-4ug/ml of 88.8% and 66.6% of Staph aureus
isolates as regard vancomycin and meropenem
susceptibility, respectively.
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Table 6: Antibiotic resistance pattern in biofilm forming staphylococci according to the intensity of biofilm

formation:
Weak biofilm Moderate biofilm Strong biofilm
Antibiotics forming staph forming staph forming staph. P value
(12) (6) (©)
Vancomycin 0 0 2 0.000 (HS)***
Meropenem 0 3 3 0.000 (HS)***
Cefazoline 3 6 3 0.042 (S)*
Gentamycin 3 6 3 0.042 (S)*
Erythromycin 3 6 3 0.042 (S)*
Ceftrixone 9 5 3 0.771 (NS)**
Oxacillin 0 7 3 0.001 (HS)***
*P value : Significant <0.05 ** non significant >0 .05 *** Highly significant< 0.001

DISCUSSION

Neonatal sepsis has evolved over the past century to
be the commonest cause of neonatal mortality. In
developing countries, it is responsible for about 30-
50% of the total neonatal deaths '’. A total of 130
neonates with clinical signs and symptoms of sepsis
were enrolled in this study. Among the studied group,
63.8% were males and 36.2% were females. Of the 130
neonates, 50.7% had very low birth weight, and the
majority of cases 63% were preterm. Prematurity and
low birth weights are considered from the most
important risk factors for developing neonatal sepsis.
Also, it was observed that the neonatal sepsis was more
frequent in neonates delivered by CS as 60.7% were
delivered by CS while only 39.3% were delivered by
normal vaginal delivery.

A total of 125 isolates were isolated from 130
clinical samples (100 blood samples and 30
endotracheal tubes). As regard type of bacterial growth,
74% of blood cultures were had monomicrobial
growth, while 6% were having mixed growth and no
growth was detected in 20% of blood cultures. This
was in accordance with the result of *® as they found
that 14% of blood culture had polymicrobial growth.
And in agreement with that obtained by '° who detected
25% of clinically diagnosed septic episodes were
culture-negative. This may be due to the concurrent use
of antibiotics or development of antibodies. In contrast,
no growth was detected in 59.3% of blood cultures
by?®. In ETT cultures 86.6% of cultures showed
monomicrobial growth, while 13.4% were having
mixed growth. This result was in agreement with that
obtained by # as 86.54% of ETT cultures showed
monomicrobial growth, while 13.46% showed
polymicrobial ~growth. On the other hand,
polymicrobial growth was detected by % in 40% of
ETT cultures.

As regard types of microorganisms isolated from
blood cultures, 91 isolates were isolated from 100
blood culture, Staphylococci were the most prevalent

microorganism 35.3%, followed by Gram-negative
bacilli 28.6%, Gram-negative coccobacilli 13.1%,
Candida species 16.5% and 6.5% Streptococcal isolates
were detected. Similar findings were reported in other
studies in Egypt by ?° who found that the staphylococci
were the most prevalent isolated organism followed by
Gram-negative bacilli. In contrast to these results
reported that Gram-negative bacilli were the most
prevalent followed by Gram-positive cocci. While, 34
organisms out of 30 ETT cultures were isolated,
Staphylococci were 53%, followed by Gram-negative
bacilli 41.1% and 5.9% Candida species were detected.
However, * found that Klebsiella spp were the most
commonly isolated organisms and represented 32.8%
of the isolated organisms.

Biofilm producing bacteria are exhibit resistance to
antibiotics by several methods as the biofilms restricted
penetration and expression of resistance genes > Thus,
it was supposed that measuring the biofilm formation
can used as a marker for the staphylococcal
pathogenicity %. In the current study, staphylococcal
biofilm formation was detected by three screening
methods; MTP, TM and CRA and PCR were used to
detect biofilm coding genes. For MTP method, biofilm
formation was detected in 56% of the fifty
staphylococcal isolates; this result was in agreement
with #” where, 57.8% were biofilm formers by MTP
method. However, 83.3% of S. aureus and 88.6% of S.
epidermidis isolated from catheterized patients
produced biofilm by the MTP assay %2. As regard TM
method, biofilm formation was detected in 68% of 50
staphylococcal isolates; this result is similar to that
found by ?* where 60% of staphylococcal isolates
showed biofilm formation by TM. A higher rate of
biofilm formation by TM were detected by ° where,
84% of staphylococcal isolates showed biofilm
formation. On the other hand, 88% of 50 staphylococcal
isolates were positive by CRA; this result was in
accordance with the finding of ® found that 90% of
staphylococcal isolates were positive by CRA.

Many reports indicated that biofilm formation in
staphylococci  causing  catheter  associated and
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nosocomial infections is associated with icaA and icaD
genes . Expected genes were detected in 56% of
staphylococcal isolates. Similary, ?’ detected icaA &
icaD genes in 54% of staphylococcal isolates. A higher
rate of icaA & icaD genes detection was recorded by °
as 100% of staphylococcal isolates harbored icaA &
icaD genes and produced biofilm.

In the cohort study, by comparing the phenotypic
biofilm detection techniques with the icaA & icaD
genes detection, 96.4% staphylococcal isolates of the
icaAD-positive were positive by TM & CRA methods.
This finding was in agreement with ** as all icaA &
icaD positive staphylococal isolates 100% were positive
by TM. However, in contrast to this finding, * found
that 69.2% of S. aureus icaA-positive were biofilm
producers by MTP & CRA methods. Also, * stated that
only 58% of S. epidermidis strains positive for the ica
operon were biofilm producers by MTP & CRA
methods.

The currant study showed that 3.5%, 3.5%, 39.2%
of the icaAD-positive staphylococcal isolates were
negative by TM, CRA & MTP, respectively in spite of
presence of icaA & icaD genes. However, 12%, 26%,
32% of the staphylococcal isolates were icaA & icaD
genes negative but were biofilm formers by TM, MTP
& CRA methods, respectively. This finding was in
agreement with * who reported that the presence of
icaAADBC gene is not always associated with in vitro
formation of biofilm.

The correlation between the sensitivity and
specificity of the phenotypic biofilm detection methods
with icaA & icaD genes displayed that 96.4%, 96.4%
and 53.5% sensitivity for TM, CRA and MTP methods
respectively. While they were 68.1%, 22.7%, 40.9%
specificity, respectively when compared to PCR.
Similar sensitivity but better specificity was 100%,
100% respectively as reported by 3. In accordance with
this finding a similar sensitivity but a better specificity
was reported by 3 where the sensitivity and specificity
of the CRA when compared to ica genes was 93.3% and
87.5% respectively. While, ® reported that the CRA
method shows 81.8 % sensitivity, 100% specificity. In
contrast 2’ reported a lesser sensitivity but higher
specificity than those detected in the current study,
where the sensitivity and specificity of the CRA when
compared to ica genes was 31.25% and 47.05%,
respectively.

Bacterial identification, screening of biofilm
producers followed by susceptibility tests are important
for antimicrobial selection for treatment. For this
purpose susceptibility pattern of biofilm formers was
performed in this study. Results revealed that as regard
S. aureus the highest resistance was detected against
ampicillin and ampicillin-salbactam as all S. aureus
isolates 100% were resistant to them, while 94.4% were
resistant to ceftrixone. Resistance to cefazoline,
gentamycine and erythromycin were detected in 66.6%
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of isolates, while 55.5% were oxacillin (MRSA)
resistant. The least resistance was to meropenem 33.3%
and vacomycin as only 11.1% of isolates showed
resistance (VRSA). These were in accordance with %, S.
epidermidis also showed the highest resistance against
ampicillin, ampicillin salbactam and ceftrixone as all of
the isolates 100% were resistant to them, while
resistance to cefazoline, gentamycin, erythromycin were
66.6%, 33.3% and 33.3% respectively, while all S.
epidermidis isolates were sensitive to oxacillin,
vacomycin and meropenem. These were in agreement
with results detected by ** Where resistance to penicillin
were 100% while resistance to erythromycin and
gentamycin were 75% and 50% respectively were
detected in S. epidermidis isolates isolated from catheter
related blood stream infections. By comparing the
pattern of antibiotic resistance of biofilm formers
staphylococci according to their intensity in biofilm
formation, there was a statistical significant difference
between antibiotic resistance among strong, moderate
and weak biofilm former as strong biofilm formers
(2VRSA & 3MRSA) were more resistant to all tested
antibiotics compared to moderate and weak biofilm
formers. Similar results were detected by ** who
reported presence of a statistical significant difference
between antibiotic  resistance  patterns  among
staphylococcal isolates biofilm formers with different
intensities. In contrast to this finding, ° reported
presence of non statistical significant difference
between antibiotic resistance pattern among biofilm
formers and non biofilm formers staphylococcal
isolates.

In the present study, antibiotic susceptibility of
planktonic cells presented as MIC was compared to
MBIC of their counterpart sessile cells. Vancomycin
and meropenem were used as they were the most
effective antibiotics. A great difference in antibiotic
susceptibility between planktonic populations and
biofilm populations, whereas, MBIC>128ug/ml &
MIC=2-4pg/ml of 88.8% and 66.6% of Staph aureus
isolates as regard vancomycin and meropenem
susceptibility, respectively. Parallel results were
described by *7 who compared the vancomycin MIC
and MBIC for staphylococcal isolates found that totally
isolates existing higher vancomycin MBIC than the
MIC. This result may be described by the decreased
diffusion of antimicrobial agents through the extensive
biofilm matrix, along with the decreased metabolic
activity of bacteria within biofilms and the increase in
gene transfer. These results confirm that the
concentration required to eradicate biofilms is higher
than that required to inhibit planktonic cells. The MIC
assay is a commonly used method to test antibiotic
efficacy because it is quick and reproducible. However,
it is not an effective assay for testing antibiotics against
adherent biofilm *.
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CONCLUSION

Our findings reinforce the importance of both

genotypic and phenotypic methods for
evaluation of the

optimum
biofilm producing ability of

Staphylococci. Moreover, TM is recommended as a
general screening method for detection of biofilm in
neonatal nosocomial infections because of its easy,
reliable results with excellent sensitivity, as compared to
CRA and MTP methods. Large scaled studies are
needed for better evaluation of staphylococci biofilm
forming capacity and multidrug resistance that would
surely help the biofilm formation fighting.
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