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Abstract

One hundred of bacterial isolates, were identified as a CoNS represented by 53% S.
haemolyticus, 26% S. epidermidis and 21% S. hominis. the results showed that only 93% of
isolates were phenotypically biofilm formation in Christensen tube and TS-Congo red agar
methods, PCR technique revealed that 93% of CoNS isolates carried aap gene and 98% of
isolates were expressed icaA and icaD genes.
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Introduction

Few years ago the interest in coagulase-negative staphylococci (CoNS) species has
significantly increased due to their impact on human health and disease. CoNS are common
bacterial colonizers normal human microflora and usually have a benign relationship with the
host [ 1 ]. These microorganisms are characterized by their ability to adhere and grow on the
smooth surface of catheters and other medical devices [1]. Therefore, CoNS has become the
leading cause of foreign-body infections due to its biofilm formation on all kinds of medical-
device surfaces. The biofilm development includes two steps: the initial attachment phase and
the accumulative phase. In the accumulative phase, the polysaccharide intercellular adhesin
(PIA), encoded by the icaADBC locus, is the major component mediating intercellular
adhesion [2] . The icaADBC operon (intercellular cluster adhesin) and the accumulation-
associated protein (AAP) as important genetic determinants of slime production [3].

The aims of present study was to determine what species were present in a collection of
clinically isolated, coagulase-negative; to characterize some coagulase-negative
staphylococci; to detect the aap, icaA, icaD genes; and to compared between phenotype and
genotype biofilm production among coagulase-negative staphylococci.

Materials and Methods
Strains

From January to July 2013, three hundred isolates were collected from different clinical
specimens obtained from patients undergoing catheter related infections (100 from urine, 60
from blood, 55 from high vaginal swabs (H.V.S), 35 from seminal fluid and 50 from wound
swabs).

Identification of coagulase-negative staphylococci

Isolates obtained from the different clinical specimens were seeded onto mannitol salt
agar and stained by the Gram method for the determination of purity, morphology, and
specific staining. After confirmation of these characteristics, the isolates were identified
according to Kloos and Schleifer (1975), every suspicious colony was tested for catalase and
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coagulase. If the catalase and coagulase test were positive and negative, respectively, further
identification included oxidase test, Voges — Proskauer test, bacitracin and novobiocin
diagnostic test, and finally used of Vitek 2 system according to Guido and Pascale (2005).

Phenotypic detection of slime layer and biofilm formation

Two methods used for detection of slime layer and biofilm formation, first: Christensen
tube method according to Christensen et al. (1982) proposed qualitative method for biofilm
detection. A loopful of tested organisms was inoculated in 10 mL of trypticase soy broth with
1% glucose in test tubes. The tubes were incubated at 37°C for 24 h. After incubation, tubes
were decanted and washed with phosphate buffer saline (pH 7.3) and dried. Tubes were then
stained with trypan blue solution (0.4%). Second: TS-Congo red agar method according to
Ishiguro et al. (1985) proposed this medium for detection of strains possess the cell surface
protein array known as the A-layer (A+) involved in virulence formed deep red colonies on
trypticase soya agar containing Congo red stain. These were readily distinguished from
colorless or light orange colonies of avirulent mutants lacking A-layer (A-).

Genotype analysis

DNA extraction: Genomic DNA was isolated in method that described by Arciola et al.
(2001). Fresh trypticase soya broth was inoculated bacterial colony and allowed to growth at
37°C overnight in orbital shaker. The tubes were then vortexed. 100ul of the cultures were
taken into eppendorf tubes. They were centrifuged at 10000 rpm for five minutes and the soup
was removed. The pellets were resuspended in 45ul of distilled water and 15ul lysostaphin
(100pg/ul). They were incubated at 37°C for an hour in the water bath. 15ul of Proteinase K
(100pg/ul) and 150ul TrisHCI were added and incubated at 37°C for an hour in the water
bath. The samples were then boiled at 100°C for five minutes. Genomic DNAs were ready
and stored at -20°C.

PCR analysis: The extracted DNA, primers (CUSABIO/China) and PCR premix
(SolGent/Korea), were thawed at 4°C, vortex and centrifuged briefly to bring the contents to
the bottom of the tubes. PCR mixture was set up in a total volume of 30 pL included 15uL of
PCR premix, 2uL of each primer and 5uL of template DNA have been used. The rest volume
was completed with sterile deionized distilled water, then vortexed. Negative control
contained all material except template DNA, so instead that distilled water was added.

Oligonucleotide | 5'to3’ nucleotide sequence Amplified product (bp) | References

icaAl TCT CTT GCA GGA GCA ATC AA

icaA2 TCA GGC ACT AAC ATC CAG CA 188 Carla et al. (2001)
icaD1 ATG GTC AAG CCC AGA CAG AG

icaD2 CGT GTT TTC AAC ATT TAA TGC AA 198 Carla et al. (2001)
aapl ATA CAACTG GTG CAG ATGGTT G Mohammad et al.
aap2 GTAGCC GTC CAAGTT TTACCAG 399 (2011)

PCR amplification: The icaA and icaD genes amplification by PCR was performed
under the conditions described by Carla et al. (2001): initial denaturation at 94°C for 5min,
followed by 50 cycles of denaturation at 94°C for 30sec, annealing at 55.5°C for 30sec, and
extension at 72°C for 30sec. after completion of the 50 cycles, the tubes were incubated at
72°C for 1min before cooling to 4°C.

The aap gene amplification by PCR was performed under the conditions described by
Mohammad et al. (2011): initial denaturation at 97°C for 6min, followed by 35 cycles of
denaturation at 92°C for 30sec, annealing at 55°C for 30sec, and extension at 72°C for 45sec.
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after completion of the 35 cycles, the tubes were incubated at 72°C for 10min before cooling
to 4°C.

Detection of PCR products: PCR products were resolved by electrophoresis through a
0.7% agarose gel containing ethidium bromide [4]. DNA molecular weight standard 100 bp
(Promega/USA) was used as the marker.

Results and Discussion
Isolation and identification

Out of the total 300 samples, only one hundred bacterial isolates were identified as
coagulase-negative staphylococci and consisted of 47 isolates isolated from urine, 28 isolates
isolated from blood, 12 from high vaginal swab (HVS), 13 isolates from seminal fluid, and no
isolates isolated from wound infection (Tablel).

Table 1: Distribution of bacterial isolates among the clinical specimens

No. | Specimens Total No. | Total No. of | Percentage
bacterial isolates

1 Urine 100 47 47%

2 Blood 60 28 46.67%

3 H.V.S 55 12 21.81%

4 Seminal fluid 35 13 37.14%

5 Wound 50 0 0%

The results showed that three species of CoNS were identified: fifty three isolates were
identified as S. haemolyticus, twenty six isolates were identified as S. epidermidis and twenty
one isolates were identified as S. hominis. The most common species isolated was S.
haemolyticus 53(53%). The similar results were recorded in many studies of de Paulis et al.
(2003), Sheikh and Mehdinejad (2012) they reported that majority number of isolates was S.
haemolyticus.

CoNS species are increasingly associated with infections, S. haemolyticus plays an
important role in hospital-acquired opportunistic infections, it is second only to S. epidermidis
in frequency of isolation from human blood cultures and has been reported to cause
peritonitis, otitis media, urinary tract infections and septicemia [5].

Study of Usha et al. (2013) founded among the 100 isolates, S. epidermidis was the most
common species isolated (32%), followed by S. haemolyticus (18%) and S. hominis (10%).

The results showed that S. epidermidis was the second common species in 26%, similar
results were recorded by Singh et al. (2008), and Asangi et al. (2011). Study by Kleeman et
al. (1993) suggested that S. epidermidis was the most common isolate, S. haemolyticus may
be important in urinary tract infections. The result of the study revealed that 35(74.47%) of S.
haemolyticus isolates were recorded from urine specimens (Table 2) followed by S.
epidermidis 10(21.28%) and S. hominis 2(4.25%).
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Table 2: Showing different species of CoNS from various clinical specimens

Species of Specimen Total
Cant Urine Blood H.V.S Seminal fluid
No. % No. % No. % No. % No. %
S. haemolyticus 35 74.47 4 14.28 2 16.67 12 | 9231 | 53 53%
S. epidermidis 10 21.28 6 21.43 10 83.33 0 0 26 26%
S. hominis 2 4.25 18 64.29 0 0 1 7.69 21 21%
Total 47 100 28 100 12 100 13 100 100 | 100

Other studies by Sarathbabu et al. (2013) founded the majority humber of isolates from
urine 28(14%) followed by sputum, pus and blood. Also, by Sheikh and Mehdinejad (2012)

founded the majority of CoNS related to organ was obtained from urine specimens (51.5%)
followed from blood 25.4%.

Phenotypic detection of biofilm production

Christensen's tube method and TS-Congo red agar were used to investigation of biofilm
production, the results of two methods showed that 93% isolates were biofilm producers
(Figure 1,2), represented of 53% S. haemolyticus, 26% S. epidermidis and S. hominis 14.

- Negative
Positive

Positive Negative

Figure2: Slime layer production by TS-Congo red agar

High level of biofilm production in our result was agreed with the study by Oliveira and
Cunha (2010) they showed that 82% of the 100 isolates were biofilm producers, also higher
rate of biofilm formation was demonstrated by Gad et al. (2009) they found that 88.6% of S.
epidermidis isolated from urinary tract catheterized patients produced biofilm.
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However, if slime production promotes adherence to prostheses, thus acting as a
virulence factor, infection control becomes more difficult since it protects CoNS cells from
antimicrobial agents and the host's natural defense mechanisms [6], they reported that the
mucous substance produced by CoNS can interfere with the cell-mediated immune response.

The ability of staphylococci to form biofilms helps the bacterium to avoid host immune
response and is considered responsible for chronic as biofilm protects microorganisms from
opsonophagocytosis and antimicrobial agents [7].

In CoNS, specifically S. epidermidis, biofilm formation is encoded by the icaADBC
operon [8]. It is advantageous for CoNS to reside in a biofilm, these bacteria are protected
from the external environment, allowing microbial communication in the form of horizontal
gene transfer and have enhanced virulence due to immune evasion [9].

PCR analysis of slime layer genes

The results of PCR study revealed that 98% of CoNS isolates gave positive for detection
of aap gene (Figure 3). Although, PCR amplification revealed 98% isolates have aap gene,
but, phenotypically 93% have slime layer.

399bp

Figure3: PCR product of aap gene from CoNS species

The presence of the aap gene in CoNS isolates is essential for biofilm development
(Latasa et al., 2006). In fact, higher expression and transcription levels of aap account for a
polysaccharide intercellular adhesion-independent biofilm [10].In addition to aap gene, the
results indicated that among CoNS isolates 93% were positiveness for icaA and icaD genes
(Figured), 93% of isolates which were positive for icaA and for icaD genes most of them
were related to catheter infections. The slime-producing strains was found to be positive for
both genes, giving a 188-bp band for the icaA gene and a 198-bp band for the icaD gene. The
non-slime-producing strains was negative for both genes.

icaD icaA

198bp 188bp

Figure4: PCR amplification of icaA and icaD genes
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Results revealed that both icaA and icaD genes were either present or absent and no
single strain had shown the presence of one gene. These results confirm the fact that both
genes are part of one operon and so the entire operon was either present or absent. In addition,
our results showed that both genes (icaA and icaD) were present in all biofilm producing
strains, indicating the important role of ica genes as virulence markers in staphylococcal
infections [11].The study of Gad et al. (2009) was agreement with this study, who reported
that all biofilm producing strains were positive for icaA and icaD genes, and all biofilm
negative strains were absent for those genes. Oliveira et al. (2012) demonstrated that 91.7%
of the 12 children whose death was related to CoNS, were infected with strains that were
positive for icaA and icaD genes, agreed with our study.

Conclusion: We conclude that the production of biofilm may be associated with the ability to
cause CoNS infection. This conclusion suggests that the regulation of biofilm expression may
play a central role in the disease process.

References

1. Arciola CR, Baldassarri L, and Montanaro L (2001). Presence of icaA and
icaD genes and slime production in a collection of staphylococcal strains from
catheter-associated infections. J Clin Microbiol., 39(6):2151-2156.

2. Arciola CR, Collamati S, Donati E and Montanaro L (2001). “ A rapid PCR
method for the detection of slime-producing strains of Staphylococcus
epidermidis and S. aureus in periprosthesis infections. Diagn Mol Pathol.,
10:130-137.

3. Asangi SY, Mariraj J, Sathyanarayan MS, Nagabhushan R (2011). Speciation
of clinically significant Coagulase Negative Staphylococci and their antibiotic
resistant pattern in a tertiary care hospital. Int J Biol Med Res., 2:735-9.

4. Carla RA, Lucilla B and Lucio M (2001). Presence of icaA and icaD Genes
and Slime Production in a Collection of Staphylococcal Strains from Catheter-
Associated Infections. J. Clin. Microbiol. 39(6): 2151-2156.

5. Christensen GD, Simpson WA, Bisno AL, Beachey EH (1982). Adherence of
slime producing strains of Staphylococcus epidermidis to smooth surfaces.
Infect Immun., 37:318-26.

6. Cramaton SE, Gerke C, Gotz F (2001). In-vitro method to study
staphylococcal biofilm formation. Methods Enzymol, 336: 239-55.

7. Delmas J, Chacornac JP, Robin F, Giammarinaro P, Talon R, Bonnet R
(2008). Evaluation of the Vitek 2 System with a Variety of Staphylococcus
Species. J. Clin Microbiol., 46(1): 311-313.

8. Gad GFM, El-Feky MA, EI-Rehewy MS, Hassan MA, Abolella H, El-Baky
RMA (2009). Detection of icaA, icaD genes and biofilm production by
Staphylococcus aureus and Staphylococcus epidermidis isolated from urinary
tract catheterized patients. J Infect Dev Ctries, 3:342-51.

9. Gray ED, Peters G, Verstegen M, Regelmenn WE (1984). Effect of
extracellular slime substance from Staphylococcus epidermidis on the human
cellular immune response. Lancet 1: 365-367.

10. Guido F and Pascale F (2005). Performance of the New VITEK 2 GP Card for
Identification of Medically Relevant Gram-Positive Cocci in a Routine
Clinical Laboratory. J. Clin. Microbiol., 43(1): 84-88.

http://www.uokufa.edu.ig/journals/index.php/ajb/index / 114
http://iasj.net/iasj?func=issues&jld=129&uilanguage=en

E.mail: biomgzn.sci@uokufa.edu.iq

114



11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Print ISSN: 2073-8854 & Online ISSN: 2311-6544
Magazin of Al-Kufa University for Biology / VOL.6/ NO.2/ Year : 2014

http://www.kufabiojournal.org

. Hennig S, Wai SN, Zibuhr W (2007). Spontaneous switch to PIA-independent
biofilm formation in an ica-positive Staphylococcus epidermidis isolate. Int J
Med Microbiol., 297: 117-122.

Ishiguro EE, Ainsworth T, Trust TJ, and Kay WW (1985). Congo Red Agar, a
Differential Medium for Aeromonas salmonicida, Detects the Presence of the
Cell Surface Protein Array Involved in Virulence. J Bacteriol., 164(3):1233-
1237.

Kleeman KT, Bannerman TL, and Kloos WE (1993). Species distribution of
coagulase-negative staphylococcal isolates at a community hospital and
implications for selection of staphylococcal identification procedures. J Clin
Microbiol., 31(5):1318-1321.

Latasa C, Solano C, Penadés JR, Lasa | (2006). Biofilm associated proteins.
Immunology 329: 849-857.

Madsen JS, Burmglle M, Hansen LH, Sgrensen SJ (2012). The
interconnection between biofilm formation and horizontal gene transfer.
FEMS Immunology and Medical Microbiology, 65:183-195.

Mainiatis T, Frisch EF, and Sambrook J (1982). Molecular cloning: a
laboratory manual. Cold Spring Harbor Laboratory, Cold Spring Harbor,
NewYork.

Mohammad RP, Zahra A, Mohammad HS and Mostafa H (2011). Slime layer
formation and the prevalence of mecA and aap genes in Staphylococcus
epidermidis isolates. J Infect Dev Ctries 5(1):034-040.

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

Oliveira A, Sanches P, Lyra JC, Bentlin MR, Rugolo LM, and Cunha MLRS
(2012). Risk Factors for Infection with coagulase-negative staphylococci in
newborns from the neonatal Unit of a Brazilian University Hospital. Clinical
Medicine Insights: Pediatrics, 6:1-9.

Oliveira F and Cerca N (2013). Antibiotic resistance and biofilm formation
ability among coagulase-negative staphylococci in healthy individuals from
Portugal. The Journal of Antibiotics, 66:739-741.

Otto M (2009). Staphylococcus epidermidis — the “accidental” pathogen. Nat
Rev Microbiol. 7(8):555-567.

Paulis AN, Predari SC, Chazarreta CD, and Santoianni JE (2003). Simple
Scheme for Species-Level Identification of Clinically Significant Coagulase-
Negative Staphylococci. J. Clin. Microbiol., 41(3):1219-1224.

Qin Z, Yang X, Yang L, Jiang J, Ou Y, Molin S, and Qu D (2007). Formation
and properties ofin vitro biofilms of ica-negative Staphylococcus
epidermidis clinical isolates. J Med Microbiol., 56(1):83-93.

Sarathbabu R, rajkumari N, and Ramani TV (2013). Characterization of
coagulase negative staphylococci isolated from urine, pus, sputum and blood
samples. International Journal of Pharmaceutical Science Invention, 2:37-46.
Schleifer KH, Kloos WE (1975). Isolation and characterization of
staphylococci from human skin. I. Amended description of Staphylococcus
epidermidis and Staphylococcus saprophyticus and descriptions of three new

http://www.uokufa.edu.ig/journals/index.php/ajb/index / 115

http://iasj.net/iasj?func=issues&jld=129&uilanguage=en

E.mail: biomgzn.sci@uokufa.edu.iq

115



Print ISSN: 2073-8854 & Online ISSN: 2311-6544
Magazin of Al-Kufa University for Biology / VOL.6/ NO.2/ Year : 2014

http://www.kufabiojournal.org

species:  Staphylococcus cohnii, Staphylococcus haemolyticus, and
Staphylococcus xylosus. Int. J. Syst. Bacteriol. 25: 50-61.

26. Sheikh AF, Mehdinejad M (2012). Identification and determination of
coagulase negative staphylococci species and antimicrobial susceptibility
pattern of isolates from clinical specimens. Afr J Microbiol Res., 6:1669-74.

27.Singh S, Banerjee G, Agarwal SK, Kumar M, Singh RK (2008). Simple
method for speciation of clinically significant Coagulase Negative
Staphylococci and its antibiotic sensitivity/resistant pattern in NICU of tertiary
care centre. Biomed Res 19:97-101.

28. Usha MG, Shwetha DC and Vishwanath G (2013). Speciation of coagulase
negative Staphylococcal isolates from clinically significant specimens and
their antibiogram. Indian J Pathol Microbiol., 56:258-60.

29. Vandecasteele SJ, Peetermans WE, Merckx RR, Rijnders BJA, and Van
Eldere J (2003). Reliability of the ica, aap and atlE genes in the discrimination
between invasive, colonizing and contaminant Staphylococcus epidermidis
isolates in the diagnosis of catheter-related infections. Clinical Microbiology
and Infection, 9:114-119.

http://www.uokufa.edu.ig/journals/index.php/ajb/index / 116
http://iasj.net/iasj?func=issues&jld=129&uilanguage=en

E.mail: biomgzn.sci@uokufa.edu.iq

116



