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Abstract

Objectives: Staphylococcus species are notorious
pathogens associated with significant morbidity and
mortality in healthcare institutions. Studies have
shown that biofilm-producing Staphylococci are more
difficult to control with higher resistance to
antibacterial agents than those not embedded in
biofilm. The study was aimed to evaluate the
prevalence of biofilm genes in multidrug resistance
Staphylococcus species and its effect on drug
resistance.

Methods: Atotal of 53 Staphylococcal isolates were
obtained from two teaching hospitals (include name
of the hospitals), with the sources comprising of urine
[6] and feaces [ 1]; hospital door handles [31], hospital
walls [5], and hospital bed [10]. Identity of
Staphylococcus species were confirmed by
sequencing its tuf gene. Antibiotic susceptibility was
performed using the diffusion method. Biofilm genes
(fnbA, cna, icaA, icaD and fnbB) were assayed by
multiplex polymerase chain reaction. The data were
analyzed by descriptive statistics and effect on
resistance by Chi square at pd”0.05.

Results: Staphylococcus species identified were
Staphylococcus epidermidis [38], Staphylococcus
scuiri [7], Staphylococcus xylosus [5],
Staphylococcus  saprophyticus [2] and
Staphylococcus arlettae [1]. The isolates were
highly resistant to all the antibiotics tested except
ofloxacin, ciprofloxacin and levofloxacin. The biofilm
genes (fnbA, icaD and icad) were found in 35%,
17% and 1% isolates respectively and had no effect
on antibiotic resistance (p>0.05).

Conclusion: This study revealed that some
Staphylococcus species irrespective of the sources
produced biofilms and were highly resistant to
different antibiotic classes regardless of the biofilm
status. Therefore, regular surveillance system is
important to monitor and mitigate the spread of
antimicrobial resistance in our community.
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Abstrait

Objectifs: Les especes de Staphylococcus sont des
agents pathogénes notoires associés a une morbidité
et une mortalit¢ importantes dans les établissements
de santé. Des études ont montré que les
staphylocoques producteurs de biofilm sont plus
difficiles a contrdler et présentent une résistance plus
¢levée aux agents antibactériens que ceux qui ne
sont pas intégrés dans le biofilm. L'étude visait a
évaluer la prévalence des génes de biofilm dans les
especes de Staphylococcus multirésistantes aux
médicaments et son effet sur la résistance aux
médicaments.

Meéthodes: Untotal de 53 isolats de staphylocoques
ont été obtenus dans deux hopitaux universitaires
(inclure le nom des hopitaux), les sources
comprenant l'urine [6] et les matiéres fécales [1];
les poignées de porte d'hdpital [31], les murs
d'hopital [5] et le lit d'hopital [10]. L'identité des
especes de Staphylococcus a été confirmée par
séquencage de son gene tuf. La sensibilité aux
antibiotiques a été réalisée a I'aide de la méthode de
diffusion. Les génes de biofilm (fnbA, cna, icaA,
icaD et fnbB) ont été analysés par réaction en chaine
par polymérase multiplex. Les données ont été
analysées par des statistiques descriptives et l'effet
sur la résistance par le Chi carré a (p>0.05).
Résultats: Les especes de Staphylococcus
identifiées étaient Staphylococcus epidermidis [38],
Staphylococcus scuiri [ 7], Staphylococcus xylosus
[5], Staphylococcus saprophyticus [2] et
Staphylococcus arlettae [1]. Les isolats étaient tres
résistants a tous les antibiotiques testés a I'exception
de I'ofloxacine, de la ciprofloxacine et de la
lévofloxacine. Les génes du biofilm (fnbA, icaD et
icaA) ont été trouvés dans 35%, 17% et 1% des
isolats respectivement et n'avaient aucun effet sur la
résistance aux antibiotiques (p>0.05).
Conclusion: Cette étude a révélé que certaines
especes de Staphylococcus, quelle que soit leur
source, produisaient des biofilms et étaient tres
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résistantes a différentes classes d'antibiotiques, quel
que soit le statut du biofilm. Par conséquent, un
systeéme de surveillance régulier est important pour
surveiller et atténuer la propagation de la résistance
aux antimicrobiens dans notre communauté.

Mots-clés: Biofilm ; Résistance multiple aux
médicaments ; PCR ; Génes de résistance ; Especes
de Staphylococcus.

Introduction
The human pathogens Staphylococcus species are
amajor contributor to nosocomial infections as well
as community- and healthcare-associated illnesses.
Skin infections, invasive infections such as pneumonia,
infections of bone, soft tissues, heart valves, and even
fatal septicemia in humans are associated with
Staphylococcus species [1]. The presence of biofilm
development and virulence factors such as toxic shock
syndrome, hemolysins, and enterotoxins, corresponds
with the severity of a Staphylococcal infection [2].
A biofilm is described as a population of
bacteria that attaches to a biotic or abiotic surface
and is encased in a self-produced exopolysaccharide
matrix [3]. Abacterial formation called biofilm covers
surfaces and is typically mixed with inorganic and
organic contaminants. Antimicrobial agents,
bacteriophage infection, and dehydration are all
protected by bacterial biofilm. Because of their
propensity to withstand antimicrobial treatments,
biofilms pose a serious threat to the food business by
promoting bacterial contamination and food
deterioration [3] In essence, biofilms are extracellular
polymeric substances (EPS) that give bacterial cells
specific niches to occupy. They help pathogens
survive for a long time by shielding the embedded
bacterial cells from the host immune cells [4].
Staphylococcus species generally has the
potential for biofilm production particularly on living
and non-living surfaces. High percentage cases of
human infections have been linked to biofilm-
associated bacteria which are more difficult to treat
due to reduced susceptibility to antibiotics [5,6]. This
leads to increase in morbidity and mortality as
previous study reported that approximately 671,689
cases were associated with antibiotic resistance [7].
Globally, 495 mortality rate was reported [8] and a
number of mechanisms are employed by bacteria to
achieve this resistance fit; alteration of drug target,
impermeability to drug as well as mutations to drug
targets [9]. Technically, biofilm formation by bacteria
has been one of the effective strategies employed to

evade the action of antibiotics [10]. A literature report
shows that bacteria can exhibit an astronomical
increase in resistance of order of 1,000 times greater
in biofilm strains than strains with no potential for
biofilm formation [11]. Staphylococcus species are
common opportunistic pathogens associated with
human infection [12] and potential of biofilm
production with these organisms confer them the
ability to evade antibiotic treatment especially in
patient with infections [ 13]. Most studies associated
with biofilm formation in Staphylococcus species
were limited to isolates obtained from clinical samples.
However, in this study, an investigative comparison
was made between strains obtained from clinical
samples and those not directly isolated from human
patients. In addition, the effect of biofilm with respect
to drug resistance was evaluated.

With increasing threat of antibiotic resistance
in microorganisms globally, understanding the role
biofilm plays in the development of resistance will
help in proper treatment of infections arising as a
result of Staphylococcus spp. and surveillance
system. The aim of this present study was to evaluate
the prevalence of biofilm in multidrug resistance in
Staphylococcus spp. isolated from clinical and
fomites samples as well its relation in drug resistance.

Materials and Methods

Sources and Isolation procedure

A total of 53 isolates were collected from one
teaching hospital in Oyo (Adeoyo marternity Hospital)
and Ogun (Babcock University) States. The isolates
were of both clinical and non-clinical sources. Clinical
sources include urine [6] and feaces [1]. While non-
clinical sources (equipment and environment) include
Hospital door handles [31], hospital walls [5], and
hospital bed [10]. Isolates obtained from clinical
samples were collected in a sterilized nutrient broth
while those from fomites were obtained by swabbing
using commercial cotton swab and transported to the
Microbiology laboratory, Babcock University, for
further analysis. All isolates were sub-cultured using
mannitol salt agar. Purity was ensured on nutrient
agar (HiMedia Laboratories, India). Preliminary
screening such as Gram staining and catalase tests
were performed on the isolates.

Molecular identification of the isolates

DNA was extracted from the representative bacterial
isolates according to the protocol described in Quick-
DNA miniprep plus kit (Zymo Research, Biolab,
USA). The tuf gene of Staphylococcus spp and or
16S rRNA was amplified by standard PCR protocol.
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The amplicons were purified and sequenced using
Sanger sequencing method by Inquaba Biotech,
South Africa commercially. The low-quality reads
were trimmed with BioEdit ((version 7.2.5.0). The
reads were then blasted on Basic Local Alignment
Search Tool (http:blst.ncbi.nilm.nih.gov/blast.cgi) for
species identification. The sequenced data were then
deposited in GenBank under the accession numbers
OR435824-0OR435829, and OR431750-OR431751.

Antimicrobial susceptibility test and Biofilm
gene detection

All isolates were subjected to antimicrobial
susceptibility testing using the following antibiotics
(CelTeCh Diagnostic, Belgium); amoxicillin-
clavulanate, (30 pg), cefotaxime (25 ug) ceftriaxone
sulbactam (45 pg), cefexime (5 pg), levofloxacin (5
ug), ciprofloxacin (10 pg), imipenem/clastatin (30 pg),
cefuroxime (30 png), ofloxacin (5 ug), erythromycin
(15 pg), gentamycin (10 pg), azithromycin (30 pg)
according to standard disk diffusion technique
(modified Kirby—Bauer method) and the results
interpreted according to Clinical and Laboratory
Standards Institute standards [14]. Multiplex PCR
was done to detect the target genes in the isolates.
The target biofilm genes were fnbA, cna, icad, icaD
and fnbB. DNA amplification was achieved with aid
of GeneAmp PCR 9700 system (Applied
Biosystems) as described previously [15]. About 10
pL of amplicon was resolved by 1.5% agarose gel
electrophoresis

Statistical analysis of data and Ethical
consideration

Susceptibility and prevalence of biofim data was
analysed by descriptive statistics. The drug resistance
and biofilm data was analysed by Chi-Square and
the level of significance was set at 0.05.

The ethical clearance for this study was obtained
from Babcock University Health Research
Committee (BURHEC)

Results
The sequencing analysis revealed five different
species of Staphylococcus encountered: S.
epidemidis [38], S. scuiri [7], S. xylosus [5], S.
saprophyticus [2] and S. arlettae [1]. The distribution
revealed that S. epidemidis was more frequently
isolated compared to other species (Figure 1).

The susceptibility report indicated that
virtually all the isolates tested were resistant against
the antibiotics with the exception of ciprofloxacin

(CIP), ofloxacin (OFX) and levofloxacin (LBC). The
most resistant drug against the isolates was imipenem.
However, LBC exerted greatest activity against the
isolates (Figure 2). Of the five biofilm genes assayed,
only fnbA, icaD and icad were found in 35%, 17%
and 1% isolates respectively. There was no significant
difference between the isolates producing biofilms
and non-producers with respect to drug resistance
(p>0.05) (Table 2). Staphylococcus epidermidis
isolates were the prominent biofilm producers among
the isolates screened.
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Figure 2: Antibiotics Resistance Pattern
Key: limepenem (IMP), cefuroxime (CXM), amoxicillin/
clavulanate (AUG), cefixime (ZEM), cefotaxime (CTX),
erythromycin (ERY), gentamicin (GN), azithromycin
(AZN), ceftriaxone (CRO), ciprofloxacin (CIP), ofloxacin
(OFX) and levofloxacin (LBC)
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Table 1: Primers properties used in this study

S/N  Primers Sequences 5°-3° Tm (°C) Molecular Reference
weight (bp)

1 fnbAF CATAAATTGGGAGCAGCATCA 48 128 [16]

2 fnbAR ATCAGCAGCTGAATTCCCATT

3 fnbBF GTAACAGCTAATGGTCGAATTGATACT 2 523 [16]

4 fnbBR CAAGTTCGATAGGAGTACTATGTTC

5 cnaF AAAGCGTTGCCTAGTGGAGA 48 192 [16]

6 cnaR AGTGCCTTCCCAAACCTTTT

7 icaAF CCTAACTAACGAAAGGTAG 43 1315 [17]

8 icaAR AAGATATAG CGATAAGTGC

9 icaDF AAACGTAAGAGAGGT GG 43 381 [17]

10 icaDR GGCAATATGATCAAGATAC

11 Tseq271 AAY ATGATTACIGGIGCIGCICARATGGA 55 884 [18]

12 Tseql138 CCIACIGTICKICCRCCYTCRCG

13 341F CCTACGGGAGGCAGCAG 49 466 [19]

14 R806 GGACTACHVGGGTWTCTAAT

Table 2: Chi Square Analysis of Biofilm- Producing and Non-Producing Isolates with Respect to Drug Resistance

N=53 P
Antibiotics X? df icaD fnbA
IMP 1.982 1 0.159 0.488
CXM 0.004 1 0952 0.237
OFX 0.666 1 0414 0383
ERY 0.086 1 0.769 0.097
GN 0.128 1 0.721 0.468
Crp 036 1 0.85 0.701
AZN 1.142 1 0.285 0.138
AUG 0337 1 0.561 0.642
CTX 0.004 1 0952 0.596
CRO 0.026 1 0.872 0.743
ZEM 0.776 1 0378 0391
LBC 0.053 1 0.819 0.721
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Figure 3: Distribution of Biofilm Producers according Figure 4: Multiplex Detection of Biofilm Gene
to the species Lane M: 100bp ladder; lane 2, 3, 5, 7-12: icaD and lane 4:

icaA positive isolates, Lane 1: Negative control (pcr mixture
without DNA).
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Figure 4: Electrophoregram of Biofilm fnbA gene
Lane M: 100bp ladder; lane 1,2, 4-9 (fnbA positive); Lane
3: Negative control (PCR mixture without DNA).

Discussions

Among the five Staphylococcus species obtained
in this study, the most predominant was
Staphylococcus epidermidis (73%) while another
study [20] revealed that Staphylococcus
aureus (43%) was predominant in addition to other
species as S. capitis, S. cohnii, S. epidermidis, S.
haemolyticus, S. hominis, S. lentus, S.
lugdunensis, S. schleiferi, S. sciuri, and S. xylosus
with S. saprophyticus and S. warneri. From these
studies, it is shown that abundance of Staphylococcus
species is evidently diverse in clinical environment
where they can be associated with opportunistic
infections. In this study, 58.5% of the isolates were
recovered from handles of hospital doors and this
was in line with finding from another study which
classified formites as microbial reservoirs [21]. The
study further maintained that door handles and other
related surfaces in clinical settings harbor diversity
of microorganisms like Staphylococcus species
which could be source of infection among caregivers
and patients [21].

It is important to note that the low prevalence
of Staphylococcus species on the hospital beds in
this study does not preclude its potentials as reservoir
for bacterial infections. An earlier report indicated
that hospital beds can be a source of contamination
through which bacterial infection can occur including
the species of Staphylococcus [22]. Another report
elsewhere further proved the existence of
Staphylococcus on the hospital beds as well as other
surfaces and maintain that hygiene is important to
reduce the level of bacterial load [23]. Therefore,
proper hygiene is an inevitable tool in the control of
bacterial contamination and infection in both clinical
and community settings.

Hospital-associated bacteria are typically
resistant to various types of antibiotics. Since
staphylococcal strains are common, their remarkable
capacity to develop multi-drug resistance is a public
health problem [24]. One serious issue affecting
human health is antibiotic resistance. The bulk of
isolates (Figure 2) were shown by the current findings
to be resistant to the tested drugs. However, the study
also showed that most isolates were susceptible to
levofloxacin, ofloxacin, and ciprofloxacin. Since these
antibiotics are inexpensive, they could be used to treat
coagulase negative staphylococcus (CNS) infections
caused by CNS in a resource-constrained nation like
Nigeria. The high frequency of susceptibility pattern
to certain antibiotics is consistent with the earlier
study by [25, 26].

The prevalence of biofilm genes (fnbA, icaD,
and icaA) in Staphylococcus species indicate varying
levels of biofilm formation potential. A considerably
higher tendency for biofilm formation, possibly via
fibronectin-binding mechanisms, is indicated by the
presence of the fnbA gene in 35% of the isolates in
this study. Intercellular adhesion (encoded by ica
genes) may not be as common in biofilm formation
as other mechanisms, as evidenced by the presence
oficaD in 17% and icaA in just 1% of isolates from
our study. The multi-factorial character of biofilm
production in Staphylococcus species is consistent
with this pattern. As evidence of the complexity of
biofilm formation across various strains and species,
a study that examined the prevalence of biofilm-
related genes in Staphylococcus strains from
implant-associated illnesses showed varied gene
distributions [27]. This study revealed the capacity
of Staphylococcus species to form biofilms was
relatively similar to that of staphylococcal strains
isolated from medical implants [25].

In this study, there was no significant
difference in resistance phenotype among biofilm
producing Staphylococci and the non-biofilm
producing counterpart (Figure 2). This agrees with a
study on S. epidermidis isolated from hospital in Italy
[28], but in contrast to earlier report that biofilm-
producing organisms are more resistant to antibiotics
than the non-biofilm formers [29]. In another study
using S. epidermidis as a model to investigate the
relationship between drug resistance and biofilm
formation, it was found that although, correlation exist
between biofilm formation and resistance, but, that
this relationship was not seldom linear [30]. This
means that somehow other factors may be mediating
in the resistance phenotype. This could probably
explain the non-correlation of biofilm formers with
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drug resistance as obtained in this present study. Thus,
this gives an avenue to explore other genetic and
enzymatic principles that permit bacteria to exhibit
resistance. Otto [31] suggested that real-time
evaluation of infection due to biofilm using
experimental animal with bioluminescent bacteria can
give an insight on the potentials of biofilm factors in
the event of infection.

Conclusion

The results revealed that Staphylococcus species
irrespective of the sources have potentials for biofilm
formation and are highly resistant to different
antibiotic classes regardless of the biofilm status.
Therefore, regular surveillance system is important
to monitor and mitigate the spread of antimicrobial
resistance in our community. Creating awareness
among all age groups on the proper use of antibiotics
and the dangers of antibiotic abuse would help the
society greatly. Also, strict regulations and monitoring
on antibiotic use should be ensured by the appropriate
regulatory bodies.
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