L
-
o
—
4
<
-
<
pd
Q
74
o

Iranlan
Journal of

Volume 13 Number 4 (August 2021) 458-463

Biofilm formation and molecular analysis of intercellular adhesion gene
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children with adenoiditis
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ABSTRACT

Background and Objectives: It is well known that Staphylococcus aureus biofilm plays an important role in adenoiditis
and biofilm resistance frequently results in failure of therapy. The goal of this study was to evaluate the biofilm production
of S. aureus isolates obtained from adenoid specimens and assess the relationship between biofilm formation ability and ica

operon genes.

Materials and Methods: A total of 112 adenoid samples were obtained from patients under 15 years old with adenoid
hypertrophy. All S. aureus isolates were initially identified by standard microbiological tests and amplification of nuc by
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STAPHYLOCOCCUS AUREUS FROM CHILDREN WITH ADENOIDITIS

polymerase chain reaction (PCR) technique. Biofilm formation of S. aureus isolates was evaluated and icaADBC genes were
detected by PCR technique.

Results: There were 46 isolates (41%) identified as S. aureus. The ability to produce biofilm was detected among total S.
aureus isolates. Molecular study of ica operon revealed that 2 (6.3%) and 19 (59.4%) isolates carried icaA and icaD, respec-
tively. The prevalence of icaA + icaD was seen among 11 (34.4%) S. aureus isolates, while icaC and icaB were not detected.
Conclusion: Our findings indicated that icaABCD operon are associated with biofilm formation in S. aureus isolates, how-

ever the absence of these genes may not necessarily exclude this property.
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INTRODUCTION

The adenoids are lobulated masses of lymphoid
tissue which is located in an axial position of the up-
per respiratory tract (1). Adenoid hypertrophy (AH)
is common in children, due to chronic inflammation
that leads to the proliferation of adenoid lymphoid
tissue (2, 3). Furthermore, the adenoids considered
as an important bacterial reservoir in children which
have a significant role in the development of infec-
tious diseases according to the alteration of the host
immune system (4). Besides, the biofilm formation in
adenoid tissue may be involved in the pathogenesis of
chronic adenoiditis (4). Bacterial biofilm formation
is one of the most important survival mechanisms
through attachment to surfaces which controlled
by different genetic pathways (5). Studies show that
there is a variable prevalence rate of bacterial bio-
films formation in chronic adenoiditis (41%-100%),
this difference can be based on the selected case se-
ries and the sampling as well as microbiological anal-
ysis methods (6-9).

Reports indicated that various bacteria including
Staphylococcus aureus (S. aureus), Streptococcus
pneumoniae, Haemophilus influenza, and Moraxella
catarrhalis are involved in nasopharyngeal biofilm
production, which are also responsible for chronic
adenoiditis and middle ear infections (7-9). S. au-
reus is a common nasopharyngeal pathogen and in-
volved in adenoiditis in children (10). The ability of
S. aureus to produce biofilm is well considered as a
virulence factor which enables this organism to with-
stand the host immune response (11). In addition, S.
aureus biofilm formation enhanced resistance to the
antimicrobial agents, which could become a clinical
concern, particularly in children with chronic ade-
noiditis. According to many studies, different genes
are involved in biofilm production. The intracellular
adhesion (ica) cluster (icaADBC), encodes the es-
sential proteins for the production of polysaccharide
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intercellular adhesion (PIA), which mediate cell to
cell adhesion, thus facilitating biofilm formation
of Staphylococcus spp. (12, 13). Among ica genes,
icaA and icaD, have been reported to play a signif-
icant role in biofilm formation (12). Hence, the de-
tection of the ica locus along with the phenotypic
detection of biofilm is important in S. aureus iso-
lates and it would improve the diagnostic decision
for choosing the proper treatment. The main goal
of the current study was to assess the biofilm pro-
duction of S. aureus isolates obtained from adenoid
specimens. In addition, the possible relationship be-
tween the biofilm formation ability and ica cluster
genes in clinical isolates of S. aureus strains were
evaluated.

MATERIALS AND METHODS

A total of 112 adenoid samples were obtained from
patients under 15 years old with adenoid hypertrophy
(AH), admitted to the department of otolaryngology
at Shafa Teaching Hospitals, Kerman, Iran. The study
was performed according to the ethical guidelines of
the 1964 Declaration of Helsinki as reflected in a prio-
ri approval by the Kerman University of Medical Sci-
ences's human research committee (Ethics approval
code: IR.RKMU.REC. IR.KMU.AH.REC.1398.035).

All patients gave their informed consent prior to
their inclusion in the study. Fragments of adenoid re-
ferred to the microbiology laboratory for identifica-
tion by standard microbiological tests. All S. aureus
isolates were initially identified by standard micro-
biological tests including Gram-staining, catalase,
slide and tube coagulase, DNase, and mannitol fer-
mentation on mannitol salt agar medium (Merck, Co,
Germany). Subsequently, all phenotypically charac-
terized S. aureus isolates were confirmed by the am-
plification of nuc gene in polymerase chain reaction
(PCR) technique (14).
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Biofilm formation. Biofilm formation of S. aureus
isolates were evaluated as described previously (15).
Briefly, all S. aureus isolates were cultured on Tryp-
ticase Soy Agar (TSA, Merck, Co, Germany) at 37°C
for 24 h, then grown colonies suspended in sterile
physiological saline with turbidity adjusted to 0.5 Mc-
Farland. The 96 well microdilution plates (Cell and
Tissue Culture plates, flat well bottom, Guangzhou
Jet Bio-Filtration Products Co., Ltd. Guangdong,
China), were filled with 180 pl Trypticase Soy Broth
(TSB, Merck, Co, Germany) supplemented with 1%
glucose and 20 pl of bacterial suspension added to
each well. After incubation at 37°C for 24 h, broth
was carefully drawn off and the plates were gently
washed three times with sterile phosphate-buffered
saline (PBS). For biofilm quantification, 200 pl of
2% safranin dye solution in water was added to each
well and the plates were allowed to stand for 40 min
at room temperature. The wells were subsequently
washed thrice with sterile PBS to wash off the excess
safranin. Safranin bound to the biofilm was extract-
ed with 200 ml of 95% ethanol, and the absorbance
of the extracted safranin was measured at 490 nm in
an ELISA reader (BioTek, USA). TSB+1% glucose
medium was used to determine background optical
density (OD) as a negative control. The cut-off OD
(ODc) for biofilm formation was determined as av-
erage OD of negative control +3xstandard deviation
(SD) of negative control. OD value was calculated for
each microtiter plate separately. OD > 4xODc indi-
cated high biofilm formation ability; 2xODc < OD <
4x0Dc indicated moderate biofilm formation ability.
ODc < OD < 2xODc and OD < ODc were taken as
weak or none biofilm formation ability respectively.

Detection of ica operon genes by PCR. Genomic
DNA was extracted using boiling method as previ-
ously described (16). All PCR reactions were carried
out by a Gradient thermal cycler (Biometra-T300,
Gottingen, Germany) in a final reaction mixture vol-
ume of 25 pl containing 1 pl of genomic DNA, 0.5 pl
(10 pM) of each oligodeoxynucleotide primers, 12.5
ul of 2x Master Mix Red (Ampligon, Co, Denmark)
and 11 ul DNase and RNase free water. After ampli-
fication, the PCR products were electrophoresed on
1.5% agarose gel electrophoresis in TBE 0.5x buffer
(5.4 g Tris base, 2.75 g Boric acid, 2 ml 0.5 M EDTA,
in 1 L) at 100 V for 90 min. The products were de-
tected by staining with Green Viewer Dye and then
photographed. The oligonucleotide primers as well as
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PCR programs are presented in Table 1.

Statistical analysis. Statistical analysis of data was
performed using SPSS version 23 (IBM, Armonk,
NY, USA). The Chi Square test applied for the com-
parison of our data. A difference was considered sta-
tistically significant at a p-values <0.05.

RESULTS

There were 46 isolates (41%) identified as S. au-
reus from the adenoid tissues of, 65 (58.0%) males,
and 47 (42.0%) females, with adenoid hypertrophy.
Patients have revealed obstructive, infectious, and
mixed symptoms. Biofilm formation was higher in
children with obstructive symptoms (Table 2). Our
study showed no relationship between sex and in-vi-
tro biofilm production (p-value = 0.089). The abil-
ity to produce biofilm was detected among total S.
aureus isolates with the severity achieved as mild,
moderate, and strong for 12 (10.7%), 21 (18.8%), and
13 (11.6%) isolates, respectively. In the present study,
we observed a significant difference between age
as well as the adenoid size and biofilm production
(p-value < 0.05). The most biofilm production was
observed in patients with moderate adenoid size and
the age <=5 years old (Table 2). Fig. 1 shown the PCR
result of ica for S. aureus isolates. Molecular study
of these genes revealed that 2 (6.3%), and 19 (59.4%)
isolates carried icaA and icaD, respectively. In addi-
tion, the prevalence of icaA + icaD was seen among
11 (34.4%) S. aureus isolates, while icaC as well as
icaB was not detected.

DISCUSSION

S. aureus is one of the most common pathogen
in children with adenoid hyperplasia (20). Moreover,
it is well known that S. aureus biofilm plays an im-
portant role in adenoiditis as well as the development
of antimicrobial resistance (21). According to our re-
sults, 41% of isolates identified as S. aureus which
all strains demonstrated the ability to form biofilm.
Strong ability of biofilm production was seen among
13 (11.6%) isolates. On the other hand, the majori-
ty of S. aureus strains in this study had the ability
to produce moderate biofilm. Based on obtained re-
sults, S. aureus isolates showed a high ability to bio-
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Table 1. Primer pairs and PCR conditions used to detection of ica operon genes in this study.

Gene Primer/sequence (5°-3°) PCR condition PCR products Reference

target size (bp)

icaA F-TCTCTTGCAGGAGCAATCAA 1 min 95°C, 45 sec 60°C, 1 min 72°C 188 17
R-TCAGGCACTAACATCCAGCA

icaB F-ATGGCTTAAAGCACACGACGC 1 min 95°C, 45 sec 61°C, 1 min 72°C 526 18
R-TATCGGCATCTGGTGTGACAG

icaC F-ATCATCGTGACACACTTACTAACG 1 min 95°C, 45 sec 63°C, 1 min 72°C 1013
R-CTCTCTTAACATCATTCCGACGCC

icaD F-GAACCGCTTGCCATGTGTTG 1 min 95°C, 45 sec 61°C, 1 min 72°C 483 19

R-GCTTGACCATGTTGCGTAACC

Table 2. Comparison between age, adenoid size, symptoms,
and biofilm production ability.

Factors Biofilm Total
Negative Positive (n)
(n) ()
Age <=5 25 31 56
5-10 18 25 43
>=10 3 10 13
Size Small 10 13 23
Moderate 23 31 54
Large 13 22 35
Symptoms  Obstructive 26 36 62
Infectious 6 6 12
Mixed 14 24 38

film formation meaning that adenoids may be proper
settings for biofilm production. In accordance with
our results, Torretta et al. reported S. aureus was
the most frequent pathogen in the adenoid biopsy
specimens which 58.3% of isolates were more fre-
quently weak biofilm producers (22). These findings
suggested the importance of removing the adenoids
completely in order to ensure the total eradication
of biofilm-producing bacteria. However, our finding
showed no significant relationship between sex and
in-vitro biofilm production. These results may be
due to our relatively small sample size which needs
further investigation in larger case series. We also
showed there was a significant correlation between
age and biofilm production. The most biofilm pro-
duction was observed at the age of < 5 years old.
Since the adenoidectomy is one of the most prevalent
surgeries in children, rapid and accurate detection
of bacterial biofilm formation in adenoids is poten-
tially important to eradicate the patient's various
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Fig. 1. PCR results of ica gene for S. aureus isolates. a; L:
100 bp DNA ladder, C-: Negative Control, C+: Positive
Control, Lane 1: icaA (188 bp). b; L: ladder, C-: Negative
Control, C+: Positive Control, Lanes: 1-4 icaD (483 bp).

symptoms and complications. On the other hand, ac-
cording to the high prevalence of biofilm formation,
surgery of children with small adenoid size at an ear-
ly age, despite mechanical obstruction, has high effi-
cacy particularly in patients who have moderate and
severe symptoms. In this study, the ability of biofilm
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production was evaluated targeting the icaADBC.
As mentioned in the results, 2 (6.3%) and 19 (59.4%)
isolates carried icaA and icaD, respectively. Besides,
amplification of these genes revealed 11 S. aureus
isolates possessing both icaA and icaD. Similar re-
sults were seen in other reports which indicated that
there is a relationship between the presence of ica
operon and biofilm formation (12). In the study by
Omidi et al. among 136 of 146 (93.1%) S. aureus iso-
lates that produced biofilm phenotypically, 18 meth-
icillin-resistant S. aureus (MRSA) isolates carried
icaA while icaD was not detected in all strains (23).
Namvar et al. reported that S. aureus isolates had no
ability to form biofilm unless they were positive for
icaD gene (19). In contrast, some studies reported the
presence of icaA/D genes was not always associat-
ed with biofilm formation (24). Although different
genes are involved in biofilm production, in contra-
diction to other studies, icaC and icaB were not de-
tected in our biofilm producer isolates. In a study by
Azmi et al. on 248 MRSA biofilm producer isolates,
all of them were positive for one of icaD/icaA (25).
Indeed, these findings demonstrate that icaABCD
operon are associated with biofilm formation, but the
absence of these genes may not necessarily exclude
this property. In conclusion, the data reported here
represent the major role of S. aureus in adenoiditis
in childhood. Staphylococcal biofilm formation is
an important virulence factor which biofilm resis-
tance frequently results in failure of therapy. This
suggests that the clinical treatment of adenoid hyper-
plasia patients requires more extensive consideration
of bacterial biofilm-forming activity. In this study,
all S. aureus isolates revealed the ability in biofilm
production and a remarkable percentage of isolates
carried icaD gene. Variations in the ability of biofilm
production as well as the presence of icaADBC genes
from studies might be related to selected case series,
epidemiological varieties and the methods used in
studies also contribute to these differences.
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