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Abstract

A total 248 clinical samples of cerebrospinal fluid (CSF) were collected from meningitis patients, for the
period of July to October 2018 from the Child Protection Teaching Hospital in the Medical City Compound
in Baghdad. All isolates were identification depending on macroscopic, microscopic, biochemical tests
and definite with Vitek-2 compact system. The results showed a growth in 42 samples. Sixteen isolates of
Staphylococcus spp. were obtained from samples. The number (percentage) of isolates according to species
as follow: 7/16) 44%) of S. epidermidis, 3/16 (19%) of S. hominis, 3/16) 19%) of S. haemolyticus, 2/16
(12%) of S. aureus, 1/16 (6%) of S.warneri. These isolates were tested for ability to biofilm formation by
using Luria Broth and Tryptone Soya Broth (TSB) supplemented with 0.25% and 2% glucose. The ability
of the isolates to form biofilm with Luria Broth, for S.epidermidis, S. aureus, S. haemolyticus, S.hominis and
S. warneri were 7/7 (100%), 1/2 (50%), 2/3 (66.66%), 1/3 (33.33%),1/1 (100%) respectively not forming
biofilm.As for using a TSB supplemented with 0.25% glucose, S.epidermidis, S. aureus, S. haemolyticus
and S.hominis were 6/7 (85.71%), 2/2 (100%), 2/3 (66.66%) and 3/3 (100%) respectively were weakly
biofilm formed and when using TSB supplemented with 2% glucose, showed that all Staphylococcus spp.
(100%) were positive for the test.. The study showed the effect of minimum inhibition concentration(8 pg/
mL) and minimum bactericidal concentrationand (16pg/mL) of Erythromycin on biofilm of Staphylococcus
spp. Staphylococcus spp. isolated from CSF showed weak ability to biofilm formation and depending on the
host content of sugars . This study showed also weak biofilm forming of Staphylococcus spp. was resistence

to erythromosin.
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Introduction

Biofilm is aggregation of bacterial cells that are
attached to each other biological surface or abiotic via
production of extracellular substances consist of sugars,
proteins and extracellular DNA (eDNA)!, biofilm starts
with adhesion, proliferation and maturation of bacterial
cells due to Quorum Sensing (QS), who responsible of
biofilm formation as a result of aggregate of bacteria
and sending signals>3. % biofilm structure composed

from adhesion of bacteria on surfaces, forming
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colonies through accumulation of bacteria with each
other to form triple dimension structure of multi layer
extracellular substances. ¢ pointed to biofilm formation
in Staphylococcus due to product of slime layer as well
as capsule forming, and by operon ica that encode to
polysaccharide intercellular adhesion (PIA). Several
studies pointed to biofilm formation through stage of
attachment, accumulation and maturation via (PIA)”S.
Accumulation associated protein (Aap) and Extracellular
matrix binding protein (Embp)>'?, while stage of
separation of cells by Serine protease!!, surface-located
fibronectin binding protein A, B (FnBPA, B)'?, Cysteine
protease (EcpA) and Metalloprotease (SepA)'3. 415
showed the role of phenol souluble modulins (PSms)
and Surfactant peptides that Product by Staphylococcus
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in biofilm decomposition. Biofilm formation includes a
group of compounds: PIA is one of the main saccharides
in S.epidermidis that called Polysaccharide intracellular
adhesion or poly N-acetyl glucosamine encoded by ica
operone (ica A, D, B, C)'® .Bap homologue protein Bap/
BhP One of the most virulent factors for S.epidermidis
has a role in the formation of the biofilm also called
biofilm associated protein (Bap), and contributes to
adhesion and aggregation through biofilm formation'’,
bap presence only in S.epidermidis and S.aureus isolated
from Cows infected with mastitis'®. Protein Bap is an
equivalent protein called Bhp that presence at some
strains of S.epidermidis ,but it does not contribute to the
formation of the biofilm'®. The current study aimed to
know the ability of Staphylococcus spp. isolated from
CSF of meningitis patients to biofilm formation ,and the
effect of type of media on its ability of biofilm formation
addition to resistance of biofilm to Erythromycin.

Materials and Method

Collection of Samples

Collect 248 clinical samples of cerebrospinal fluid
(CSF) from meningitis patients in children, from the
Child Protection Teaching Hospital in the Medical City
Complex in Baghdad. For the period of July to October
2018. All clinical samples were collected and straight
cultured on Blood agar, Chocholate agar and MacConkey
agar plates then incubated at 37°C for 24 hours. All
isolates were identification depending on macroscopic,
microscopic, biochemical tests and definite with Vitek-2
compact.

Ability
formation test

of Staphylococcus spp.of biofilm

The ability of bacterial isolates have been tested
for biofilm formation according to 7, by using micro
titer plate with,Trypton soy broth supplemented with
(0.25%) glucose and Trypton soy broth supplemented
with (2%) glucose. The calculations were performed
according to?’.

Resistence of

Staphylococcus  spp.  of

Erythromycin

Biofilm resistance detection of Staphylococcusspp
isolates carried out According to '’by using micro
titer plate,25 ul of bacteria was inoculated with 175ul
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of Trypton soy broth(2% glucose) and incubated at
37°C for 24h ,decanted plate and washed with distilled
water then put 200 pl of Mueller-Hinton broth in the
first well ,100 pl of Mueller-Hinton broth and 100 pl
of MIC of Erythromycin (8) pg/mL,and the third well
100 pl of Mueller-Hinton broth and100 pl ofMBC of
Erythromycin (16)pug/mL ,plates were incubated at 37°C
for 24h.Optical density was measured at 600 nm using
the Elisa device.

Results and Discussion

The results of the present study varied in the
ability of isolates to form the biofilm from Luria broth
medium, all isolates of S.epidermidis were not biofilm
formation 7/7 (100%), while 1/2 (50%) of S.aureus
were not biofilm formation and 1/2 (50%) weak biofilm
formation. S.haemolyticus 2/3 (66.67%) were not biofilm
formation and 3/1 (33.33%) weak biofilm formation.
While S.hominis was 3/1 (33.33%) not biofilm forming
and 2/3 (66.67%) weak biofilm forming.S.warneri was
1/1 (100%) not biofilm forming (Table 1). While the
result of current study on biofilm formation by using
tryptone soy broth with 0.25% glucose was 1/7 (14.29%)
of S.epidermidis not forming biofilm and 6/7 (85.71%)
weak biofilm forming. S.aureus and S.hominis were 2/2
(100%), 3/3 (100%) weak biofilm forming respectively.
S.haemolyticus was 1/3 (33.33%) not biofilm forming
and 2/3 (66.67%) weak biofilm forming. S.warneri
1/1(100%) was not biofilm forming (Table 2). The
results showed the ability of bacterial isolates with Luria
broth were 12/16 (75%) not biofilm forming and 4/16
(25%) weak ability of biofilm formation. S.epidermidis
was 3/16 (18.75%) unable to biofilm formation and
13/16 (18.75%) weak ability of biofilm formation in
TSB supplemented with (0.25%) glucose. All isolates
(100%) of S.epidermidis had weak ability of biofilm
formation in TSB (2%) glucose (Table 3). Felipe et
al. (2017)*! pointed to the ratio of S.aureus ability to
biofilm formation 35% was strong and 45% moderate
while CoNS bacteria 51%, 29% strong and moderate
respectively. 2 the ability of Staphylococcus spp. to
biofilm formation were 5.6%, 24.3%, 70.1%, strong
,moderate and weak or un able to biofilm formation
respectively, at the same study using TSB was 2.5% of
S.aureus and 7.9% of CoNS showed strong ability to
biofilm formation respectively, while increased in TSB
supplemented with (1%) glucose was 19% for S.aureus
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and 16.4% for CoNS bacteria. * showed that the gene icaA
had role in Staphylococcus pathogenesis that isolated
of clinical samples led to forming Slime substance that
forming biofilm on medical surfaces. 2 pointed out that
the difference in the formation of the biofilm is due to
bacterial strain type,operon icaADBC and expression
of enzymes encoding for intercellular adhesion sugars
that depend on environmental conditions. Studies have
shown a relationship between a gene icaA and biofilm
formation of clinical isolates of Staphylococcus**?>.
263 hundred percent of S.aureus possess ica gene and
unable to form biofilm , that due to Staphylococcus
has the ability to adapt to conditions and the ability to
change the phenotypic and genetic characteristics when
exposed to concentrations of antibiotics. 27 the ability
of S.epidermidis to biofilm formation due to possess
S.epidermidis Surface protein C (SesC), while?® referred
to the ability of S.epidermidis to biofilm formatin due
to possess icaA gene, its rise in the isolates that it
possesses S.epidermidis surface protein I (Sesl) that
consider it’s virulence factor, and refers to studies have
shown S. epidermidis isolated from healthy people no
possession (Sesl) making it unable to biofilm formation,
and there are no deference of the ability of S.epidermidis
to biofilm formation when growing it on TSB and TSB
supplemented with (1%) glucose. Staphylococcus spp.
isolated from CSF showed weak ability to biofilm
formation and depending on the host content of sugars

Biofilm forming Staphylococcus spp. resistance
to Erythromycin

The effect of MIC of (8) pg/ml Erythromycin against
biofilm forming Staphylococcus spp. In current study,
the results showed that Erythromycin had inhibition
effectiveness against biofilm formation, that refer to
the biofilm was sensitive to the antibiotic in proportions
that differ according to the bacterial species and strain,
may be due to the biofilm formation was weak (Figure
1). The MBC was at concentration (16) pg/ml for
Erythromycin showed increase at inhibition rate due to
high concentration of Erythromycin'!’, as well as a weak
biofilm formation by Staphylococcus spp. the results
also show that the rate of MIC and MBC, It did not reach
the minimum limits and this is due to the ability of the
biofilm to protect the bacterial of antibiotics figure (3).
The results showed that the inhibition rates (depending
on absorbance) differ according to species and strains,
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and this may be due to their resistance to antibiotics
29 and possess or do not possess the genes responsible
for the composition of the biofilm formation, as well as
surface proteins possessed by Staphylococcus spp. which
are responsible to biofilm formation. This study showed
weak biofilm forming of Staphylococcus was resistence
to erythromosin. We conclude from the present study
the ability of biofilm formation of Staphylococcus spp.
isolated from CSF of meningitis patients, is weakly by
using a medium containing 2% glucose,As well as weak
biofilm formation was resistence to erythromycin when
using MIC and MBC concentrations.

Abbreviations:

Se= S.epidermidis, Sa= S.aureus, Sh= S.hominis,
Sha= S.haemolyticus, Sw= S.warneri, MIC= Minimum
inhibition concentration, MBC= Minimumbactericidal
concentration.

Ethical The Research Ethical
Committee at scientific research by ethical approval of
both MOH and MOHSER in Iraq

Clearance:

Conflict of Interest: Non
Funding: Self-funding

References

1. Otto M. Staphylococcal Infections: Mechanisms
of Biofilm Maturation and Detachment as Critical
Determinants of Pathogenicity. Ann. Rev. Med.,
2013; (64):1-14.

2. Ammann CG, Neuhauser D, Eberl C, Nogler M and
Coraga-Huber D. Tolerance towards gentamicin is
a function of nutrient concentration in biofilms of
patient-isolated Staphylococcus epidermidis. Folia
Microbiologica, 2018; 63: 299-305.

3. Foster TJ. The
fibronectin binding proteins of Staphylococcus
aureus. Eur. J. Clin. Microbiol. Infect. Dis., 2016;
35(12): 1923-1931.

4. Rohde H, Frankenberger S, Z"ahringer U, and
Mack D. Structure, function and contribution

remarkably —multifunctional

of polysaccharide intercellular adhesin (PIA) to
Staphylococcus epidermidis biofilm formation and
pathogenesis of biomaterial-associated infections.
Eur. J. Cell Biol., 2010; 89(2010): 103—111.



1930
5.

10.

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

Harris LG, Murray S, Pascoe B, Bray J, Meric
G, Magerios L, Wilkinson TS, Jeeves R, Rohde
H, Schwarz S, Lencastre H, Miragaia M, Rolo J,
Bowden R, Jolley KA, Maiden MCJ, Mack D and
Sheppard SK. Biofilm Morphotypes and Population
Structure among Staphylococcus epidermidis from
Commensal and Clinical Samples. PLoS. ONE,
2016; 11(3): 1-15.

Arciola, CR, Baldassarri L and Montanrro L.
Presence of icad and icaD Genes and Slime
Production in a Collection of Staphylococcal
Strains from Catheter-Associated Infections. J.
Clin. Microbiol., 2001; 39 (6): 2151-2156.

Heilmann C, Schweitzer O, Gerke C, Vanittanakom
N, Mack D and Gotz F. Molecular basis of
intercellular adhesion

in the biofilm-forming

Staphylococcus  epidermidis. Mol. Microbiol.,

1996; 20(5): 1083-1091.

Heilmann C, Thumm G, Chhatwal GS, Hartleib
J, Atter AU and Peters G. Identification and
characterization of a mnovel autolysin (Aae)
with adhesive properties from Staphylococcus

epidermidis. Microbiol., 2003; (149): 2769-2778.

Rohde H, Burdelski C, Bartscht K. Hussain
M, Buck F, Horstkotte MA, Knobloch JKM,
Heilmann C, Herrmann M and Mack D. Induction
of Staphylococcus epidermidis Biofilm formation
via proteolytic processing of the accumulation-
associated protein by staphylococcal and host
proteases. Mol. Microbiol., 2005; 55(6): 1883—
1895.

Christner M, Franke GC, Schommer NN, Wendt
U, Wegert K, Pehle P, Kroll G, Schulze C, Buck
F, Mack D, Aepfelbacher M and Rohde H. The
giant extracellular matrix-binding protein of
biofilm
accumulation and attachment to fibronectin. Mol.

Microbiol., 2010; 75(1): 187-207.

Staphylococcus  epidermidis mediates

11. Iwase T, Uehara Y, Shinji H, Tajima A, Seo H,

12.

Takada K, Toshihiko Agata T and Mizunoe
inhibits
Staphylococcus aureus biofilm formation and nasal
colonization. Nature, 2010; 465: 346-349.

Geoghegan JA, Monk IR, O’Gara JP and Foster
TJ. Subdomains N2N3 of Fibronectin Binding
Protein A Mediate Staphylococcus aureus Biofilm

Y. Staphylococcus epidermidis Esp

13.

14.

15.

16.

17.

18.

19.

20.

21.

Formation and Adherence to Fibrinogen Using
Distinct Mechanisms. J. Bacteriol., 2013; 195 (11):
2675-2683.

Martinez-Garcia S, Martinez R, Cancino-Diaz
ME and Cancino-Diaz JC. Extracellular proteases
of Staphylococcus epidermidis: roles as virulence
factors and their participation in biofilm. APMIS,
2018; 126(3): 177-185.

Otto M. Molecular basis of Staphylococcus
epidermidis infections. Semin. Immunopathol.,
2012; 34(2): 201-214.

Periasamy S, Joo HS, Duong AC, Bach THL, Tan
VY, Chatterjee SS, Cheung GYC and Michael Otto
M. How Staphylococcus aureus biofilms develop
their characteristic structure. PNAS., 2012; 109(4):
1281-1286.

KM, Humphreys H and O’Gara
JP. Regulation of icaR gene expression in

Conlon

Staphylococcus epidermidis. FEMS. Microbiol.
Lett., 2002; 216 (2002): 171-177.

Cucarella C, Solano C, Valle J, Amorena B, LASA
I and Penades JR. Bap, a Staphylococcus aureus
Surface Protein Involved in Biofilm Formation. J.
Bacteriol., 2001; 183(9): 2888-2896.

Tormo MA, Knecht E, Go "tz F, Lasa I and Penade’s
JR. Bapdependent biofilm formation by pathogenic
species of Staphylococcus: evidence of horizontal
gene transfer?. Microbiol.,, 2005; (151): 2465-
2475.

Lasa I and Penadés JR. Bap: A family of surface
proteins involved in biofilm formation. Microbiol.
Res., 2006; 157 (2006): 99-107.

Martins M, McCusker MP, McCabe EM, O’Leary
D, Duffy G and Fanning S. Evidence of Metabolic
Switching and Implications for Food Safety from
the Phenome(s) of Salmonella enterica Serovar
Typhimurium DT104 Cultured at Selected Points
across the Pork Production Food Chain. Appl.
Environ. Microbiol., 2013; 79(18): 5437-5449.

Felipe V, Morgante CA, Somale PS, Varroni
F, Zingaretti ML, Bachetti RA, Correa SG and
Porporatto C. Evaluation of the biofilm forming
ability and its associated genes in Staphylococcus
species isolates from bovine mastitis in Argentinean
dairy farms. Microb. Pathog., 2017; 104: 278-286.



22.

23.

24.

25.

Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4
26.

Manandhar S, Singh A, Varma A, Pandey S
and Shrivastava N. Biofilm Producing Clinical
Staphylococcus — aureus  Isolates
Prevalence of Antibiotic Resistant Cases in Tertiary
Care Hospitals of Nepal. Front. Microbiol., 2018;
9(2749): 1-9.

Dobinsky S, Kiel K, Rohde H, Bartscht K, Knobloch
JKM, Horstkotte MA and Mack D. Glucose-Related

Dissociation between icaADBC Transcription and

Augmented

Biofilm Expression by Staphylococcus epidermidis:
Evidence for an Additional Factor Required for
Polysaccharide Intercellular Adhesin Synthesis. J.
Bacteriol., 2003; 185(9): 2879-2886.

Oliveira A and Cunha MLRS. Comparison of
methods for the detection of biofilm production
in coagulase-negative staphylococci. BMC. Res.
Notes., 2010; 3 (260):1-8.

O’Gara JP. ica and beyond: bioclmmechanisms
and regulation in Staphylococcus epidermidis and

Staphylococcus aureus. FEMS. Microbiol. Lett.,
2007; 270 (2007):179-188.

27.

28.

29.

1931

Kim JH, Kim CH, Hacker J, Zicbuhr W, Lee
BK and Cho SH. Molecular characterization of
regulatory genes associated with biofilm variation

in a Staphylococcus aureus strain. J. Microbiol.
Biotechnol., 2008; 18(1): 28-34.

Khodaparast L, Khodaparast L, Shahrooei M,
Stijlemans B, Merckx R. Baatsen P, O’Gara JP,
Waters E, Mellaert LV and Eldere JV. The Possible
Role of Staphylococcus epidermidis LPxTG
Surface Protein SesC in Biofilm Formation. PLoS
ONE., 2016; 11(1): 1-18.

QiX,JinY,DuanJ,HaoZ, Wang S, Guo Y, LvJ,Hu
L, Wang L and Yu F. Sesl May Be Associated with

the Invasiveness of Staphylococcus epidermidis.
Front. Microbiol., 2018; 8(2574):1-10.

He H, Sun F, Wang Q, Liu Y, Xiong L. and Xia
P. Erythromycin resistance features and biofilm
formation affected by subinhibitory erythromycin
in clinical isolates of Staphylococcus epidermidis.
J. Microbiol. Immunol. Infect., 2014; 1-8.



