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SUMMARY
Background: Pediatric sepsis due to Staphylococcus aureus (S. aureus) is associated with high morbidity and mortality. Accessory-Gene-Regulator (agr) has a role in the pathogenesis of S. aureus through controlling and regulating the expression of virulence genes. Therefore, the aim of the present study was to investigate the prevalence
of genotypes of the agr system in S. aureus isolated from children with sepsis and to assess their relationship to
biofilm formation and antibiotic resistance.
Methods: The study was a retrograde cross-sectional study that included 131 children with health care associated
sepsis due to S. aureus. The isolated S. aureus was investigated for their ability to form biofilm by microplate
method, antibiotic susceptibility pattern by disc diffusion method, and molecular determination of agr genotypes
by polymerase chain reaction (PCR).
Results: Methicillin resistant S. aureus (MRSA) was defined by resistance to cefoxitin antibiotic disc in 70 (53.4%)
of the isolates and biofilm formation was positive in 67 (58%) of the isolates. Molecular study of the agr genes revealed that 54 (41.2%), 40 (30.5%), 27 (20.6%), and 10 (7.5%) of the studied isolates had agr I, agr II, agr III, and
agr IV, respectively. In comparison between MRSA and methicillin sensitive S. aureus (MSSA), there was a significant increase in biofilm formation among MRSA (65.7%, p = 0.01) compared to MSSA (34.3%) and an increase
in agr genotype I among MRSA (68.6%, p = 0.001) compared to agr I in MSSA (9.8%). There was a significant association with the presence of a central venous catheter (51.4%, p = 0.001) and urinary tract catheter (81.4%, p =
0.001) in children with MRSA compared to children with MSSA (21.3%, OR = 3.9, 95% CI = 1.8 - 8.5 and 36.1%,
OR = 7.8, 95% CI 3.5 - 17.3, respectively).
Conclusions: There was an increase in the biofilm formation among S. aureus isolated from pediatric patients with
sepsis with a significant increase in MRSA. The agr group I was the main agr gene among the isolated S. aureus.
Moreover, agr I was the predominant gene in MRSA isolates and was significantly associated with biofilm formation.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2022.211225)
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INTRODUCTION
Staphylococcus aureus (S. aureus) is associated with
community and health care associated infections that
range from skin infections up to invasive infections
such as bacteremia and endocarditis. In children, there
is a concern about the rising incidence of bacteremia in
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hospitalized children due to S. aureus with increasing
incidence of methicillin resistant S. aureus (MRSA) [1].
It is estimated that above 4% of all patients below 18
years that require hospitalization and around 8% of patients admitted to pediatric intensive care units in highincome countries have sepsis [2]. The mortality rate for
children with sepsis ranges from 4% up to 50%. The
mortality rates depend upon the severity of underlying
diseases and the geographic location [3].
Virulence factors have a role in the pathogenesis of S.
aureus [4]. The ability of S. aureus to form biofilm is
one of these factors because it protects S. aureus from
host immune reaction and antibiotic action [5].
The expression of virulence factors and antibiotic resistance is regulated by the Accessory-Gene-Regulator
(agr) mediated quorum sensing (QS) system. The QS
systems consist of two components, the synthase proteins which produce QS signals and the response regulators that bind QS signals and reprogram gene expression [6]. The function of the quorum sensing is to monitor the density of the bacterial cells through chemical
signals that lead to the communication between bacterial cells and lead to regulation of the gene expression involved in virulence, competition, biofilm formation,
pathogenicity, and antibiotic resistance [7]. Quorumsensing gene regulation is population density-dependent
and environment-dependent and presents through cellto-cell communication [8]. The QS utilizes luxS in the
context of bioluminescence regulation. The LuxS system uses the furanosyl borate diester molecule, an autoinducer called AI-2, to perform its functions. The AI-2
molecule is involved in many phenotypes of bacteria
like synthesis of the bacterial capsule, formation of the
biofilm, and antibiotics sensitivity [8].
The QS has two components, one is the agr locus and
the other is the LuxS system . The agr t acts through a
secreted Auto-Inducing-Peptide (AIP) which regulates
the cell density. The agr locus consists of two divergent
transcriptional units, RNAII and RNAIII, which are
driven by the P2 and P3 promoters [9]. There are four
proteins agrA, agrB, agrC, and agrD encoded by P2 operon and P3 promoter encodes the effector molecule
(RNAIII) [10].
S. aureus isolates can be divided into four agr groups on
the basis of the agrC gene which encodes the receptor of
the AIP and agrD gene, which are responsible for encoding cyclic AIP [11].
There is a link between the agr system in S. aureus and
antibiotic resistance and virulence factors [12]. This
complex relationship needs full investigation for the establishment of effective control measures for infections
with S. aureus in health care settings.
Therefore, the aim of the present study was to determine
the frequency of agr system genotypes in S. aureus obtained from children with sepsis and to investigate their
association with biofilm formation and antibiotic resistance.

MATERIALS AND METHODS
The study was a retrograde cross-sectional study that included children with health care associated sepsis. The
children were recruited from intensive care units from
Mansoura University Children Hospital from January
2019 until March 2021. The included children were below 18 years old and had signs of infection that started
more than three days after admission with manifestations of fever or hypothermia, increase in respiratory
and heart rates, and blood culture positive for S. aureus.
The study was approved by the Mansoura ethical committee, and informed consent was obtained from the
parent of each child.
The included children were subjected to full clinical history and clinical examination.
Microbiological laboratory investigation
Blood samples for microbiological culture were obtained under complete antiseptic procedure. Eight milliliters
blood from each child was inoculated into two PediBact Alert aerobic bottles, and the bottles were incubated at the BacT/Alert system (bioMerieux, Inc., Durham,
NC, USA). Positive blood culture bottles were further
processed by subculture on blood agar media. S. aureus
was identified according to standard microbiological
techniques including Gram stain, catalase test, coagulase test, and specific growth on mannitol salt agar. Positive control strain S. aureus ATCC 25923 was used.
Methicillin resistant S. aureus was identified as resistant
to cefoxitin disc (30 µg) by disc diffusion method according to clinical standard laboratory guidelines [13].
Biofilm detection by microtiter plate method
The ability of the isolates to form biofilm was measured
by microplate method. Briefly, isolates were inoculated
on Muller-Hinton agar and incubated for 24 hours at
37℃. Suspension from the bacterial growth was performed by the use of Muller-Hinton broth and adjusted
to 0.5 McFarland. Two hundred microliters of the prepared suspension were added to the wells of the microtiter plate (each isolate was done in triplicate). A negative
control well contained only 200 µl of Muller-Hinton
broth without isolate. S. aureus ATCC 35556 was used
as positive control strain. After incubation at 37℃ for
24 hours, the wells were washed with normal saline two
times and stained with 1% crystal violet for 10 minutes.
Subsequently, 250 µL of 95% ethanol solution were
added to each well. The optical density (OD) was measured at 570 nm with a microplate reader (Stat Fax
2100). The calculation of OD was performed by subtracting the OD of negative control from the OD of each
strain. The OD was considered to be high positive at ≥
0.300, intermediate between 0.200 and 0.199, and negative at ≤ 0.100 [14].
Antibiotics sensitivity by discs diffusion method
Antibiotic sensitivity for S. aureus was performed by
disc diffusion method as described by Clinical and Lab-
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oratory Standards Institute [13]. The antibiotics discs
used were amikacin (30 µg), amoxicillin/clavulanic acid
(30 µg), ampicillin (10 µg), ciprofloxacin (10 μg), cefotaxime (30 µg), ceftazidime (10 µg), cefoxitin (10 µg),
trimethoprim/sulfamethaxone (25 µg), erythromycin (15
µg), vancomycin (30 µg) (Oxoid, Thermo Fisher Scientific, Waltham, MA, USA).

group I, 40 (30.5%) isolates with agr group II, 27
(20.6%) isolates with agr group III, and 10 (7.5%) isolates with agr group IV, data not shown.
There was a significant increase in biofilm formation
among MRSA compared to MSSA (65.7% vs. 34.4%, p
= 0.01). Additionally, there was a significant increase of
agr genotype I among MRSA when compared to MSSA
(68.6% vs. 9.8%, p = 0.001) (Table 3).
Comparing the clinical data of children affected by
MRSA with those affected by MSSA isolates showed a
significant association between the presence of central
venous catheter (51.4%, p = 0.001) and urinary tract
catheter (81.4%, p = 0.001) in children with MRSA
compared to children with MSSA isolates (21.3%, OR
= 3.9, 95% CI = 1.8 - 8.5 and 36.1%, OR = 7.8, 95% CI
3.5 - 17.3, respectively). There was a significant increase in children with pneumonia associated with sepsis caused by MRSA isolates (55.7%) compared to children with MSSA isolates (31.1%, p = 0.01) (Table 4).
Resistance to amoxicillin/clavulanic acid (77.1%, p =
0.001), ampicillin (65.7%, p = 0.001), cefotaxime
(61.4%, p = 0.001), and ceftazidime (50%, p = 0.046)
were significantly increased in MRSA compared to
non-MRSA isolates (Table 5).
Agr group I was increased significantly among biofilm
forming S. aureus compared to non-biofilm forming S.
aureus (52.2% vs. 29.7%, p = 0.026) (Table 6).

Molecular study of agr system by PCR
DNA Extraction
Pure overnight culture of S. aureus was used to prepare
1 mL suspension with phosphate buffer solution. This
suspension was used to extract DNA using the commercial QIAamp blood and tissue kit (QIAGEN, Germany)
according to the manufacturer's recommendations except for incubation with lysostaphin for 10 minutes instead of 30 minutes [15]. The extracted DNA was kept
at -80℃ until the time of the amplification.
PCR for Agr system typing
Five microliters of the extracted DNA were used for the
amplification. Each primer (1 μM) was mixed with the
ready to use amplification mixture of Qiagen. The primers used were listed in Table 1. The amplification procedures were heating at 94℃ for 6 minutes, followed by
denaturation at 95℃ for 45 seconds, primer annealing at
56℃ for 1 minute, and primer elongation at 72℃ for 70
seconds for 32 cycles and then a final extension at 72℃
for 8 minutes. Then electrophoresis was performed in a
1.5% agarose gel stained with ethidium bromide for 30
minutes [15].

DISCUSSION
Staphylococcus aureus is a pathogenic bacterium with
high mortality rates in patients with sepsis. The pathogenic role of S. aureus is due to many virulence factors
as well as its antibiotic resistance. A new therapeutic
approach for S. aureus is the use of anti-virulence therapy that depends upon understanding the exact virulence
factors [15].
In pediatric patients, methicillin resistant S. aureus
(MRSA) is a major health problem with high mortality
[16]. In the present study, the prevalence of MRSA, as
identified by resistance to cefoxitin antibiotic disc, was
53.4%. A similar rate of MRSA was reported in a previous study among isolated S. aureus from patients with
sepsis [17].
Biofilm formation of S. aureus is associated with an increase in resistance to antibiotics and decreases the effects of the host immune system to eradicate the organism. The production of biofilm by S. aureus is related to
the synthesis of polysaccharide intracellular adhesin
[18]. In the present study, biofilm formation among S.
aureus isolates was 58% with a significant increase in
biofilm formation among MRSA compared to MSSA.
This rate of biofilm formation is similar to a previous
report by Neopane et al. [19]. The rates of biofilm formation ranged from < 50% up to 100% in previous
studies [20,21]. The difference in the rates of biofilm
formation depends upon several factors such as the
source of the isolates, environment of the study, avail-

Statistical analysis
The data of the study was analyzed by IBM - SPSS22.
The age was expressed as median, minimum, and maximum. Qualitative data was expressed as number and
percentage. Comparison of qualitative data was performed by chi-squared test and p-value was considered
significant if it was less than 0.05.

RESULTS
The study included 131 children diagnosed with sepsis.
There were 70 (53.4%) males and 61 (46.4%) females.
The median age was 4 months.
Sepsis was not associated with obvious source of infections in 67 (51.1%) of the studied children. However, it
was associated with pneumonia in 58 (44.3%), with surgical site infections in 3 (2.3%), and with urinary tract
infections in 3 (3.2%) of the investigated children. The
most frequent manifestations of sepsis were fever
(30.5%), oliguria (29%), and hypothermia (28.2%) (Table 2).
Methicillin resistant S. aureus was identified in 70
(53.4%) of the studied isolates. Sixty-seven (58%) of
the investigated S. aureus isolates had the ability to
form biofilm. PCR analysis of the agr system classified
the S. aureus isolates into 54 (41.2%) isolates with agr
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Table 1. The genes and related primers used in this study.
Gene

Primers

Product size

agr II

5-ATG CAC ATG GTG CAC ATG C-3
5-GTC ACA AGT ACT ATA AGC TGC GAT-3
5-TAT TAC TAA TTG AAA AGT GGC CAT AGC-3

agr III

5-GTA ATG TAA TAG CTT GTA TAA TAA TAC CCA G-3

323

agr IV

5-CGA TAA TGC CG T AAT ACC CG-3

659

agr I

441
575

Table 2. Demographic and clinical data of the studied children.
Parameter
Age, months
Median

4.00

Minimum

1.00

Maximum

192.00
Gender

Male, No. (%)

70 )53.4%(

Female, No. (%)

61 (46.4%)

Central venous catheter, No. (%)

43 )32.8%(

Urinary tract catheter, No. (%)

74 (56.6%(
Clinical diagnosis

Primary sepsis, No. (%)

67 )51.1%(

Pneumonia, No. (%)

58 )44.3%(

Surgical site infections, No. (%)

3 )2.3%(

Urinary tract infections, No. (%)

3 )2.3%(

Fever, No. (%)

40 )30.5%(

Hypothermia, No. (%)

37 )28.2%(

Apnea, No. (%)

32 )24.4%(

Hypotension, No. (%)

33 )25.2%(

Oliguria, No. (%)

38 )29.0%(

Table 3. Comparison between MRSA isolates versus non-MRSA isolates with regard to biofilm formation and Agr types.
MRSA isolates (n = 70)

Non-MRSA isolates (n = 61)

No.

%

No.

%

Biofilm formation

46

65.7

21

34.4

agr I

48

68.6

6

9.8

agr II

15

21.4

25

40.98

agr III

6

8.6

21

34.4

agr IV

1

1.4

9

14.8

p-value
0.01

0.001

MRSA - Methicillin resistant S. aureus, agr - Accessory-Gene-Regulator.
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Table 4. Comparison of demographic and clinical data between children affected by sepsis with MRSA isolates and children
affected by sepsis with non-MRSA isolates.
Children with sepsis by
MRSA (n = 70)
No.

Non-MRSA (n = 61)

%

No.

%

p-value

OR

95% CI

0.4

1.4

0.7 - 2.7

Gender
Male

40

57.1

30

49.2

Female

30

42.9

31

50.8

Central venous Catheter

36

51.4

13

21.3

0.001 *

3.9

1.8 - 8.5

Urinary tract Catheter

57

81.4

22

36.1

0.001 *

7.8

3.5 - 17.3

Sepsis associated Infections
Primary sepsis

29

41.4

38

62.3

Pneumonia

39

55.7

19

31.1

Surgical site infections

2

2.9

1

1.6

Urinary tract infections

0

0

3

4.9

0.01 *

Fever

26

37.1

14

22.95

0.08

1.9

0.9 - 4.3

Hypotension

15

21.4

22

36.1

0.06

0.5

0.2 - 1.04

Apnea

18

25.7

14

22.95

0.7

1.2

0.52 - 2.59

Hypothermia

29

41.4

17

27.9

0.1

1.8

0.88 - 3.82

Oliguria

21

30

17

27.9

0.8

1.11

0.52 - 2.4

MRSA - Methicillin resistant S. aureus.

Table 5. Antibiotic resistance and biofilm formation in MRSA isolates compared to non-MRSA isolates.

Antibiotics

MRSA isolates
(n = 70)
No.
%

Non-MRSA isolates
(n = 61)
No.
%

p-value

Amoxicillin/clavulanic acid

54

77.1

11

18.02

0.001 *

Ampicillin

46

65.7

10

14.3

0.001 *

Amikacin

20

28.6

26

42.6

0.09

Ciprofloxacin

19

27.1

25

40.9

0.09

Cefotaxime

43

61.4

14

22.9

0.001 *

Ceftazidime

35

50

20

32.8

0.046 *

Trimethoprim/sulfamethoxazole

35

50

28

45.9

0.6

Eythromycin

56

80

48

78.7

0.8

Vancomycin

5

7.1

4

6.6

0.9

Biofilm formation

46

65.7

21

34.3

0.001 *

MRSA - Methicillin resistant S. aureus.
* - p is significance.

ability of the nutrients, and the method applied for the
biofilm study [22].
In the current study, there was a significant increase in
biofilm formation among MRSA compared to MSSA.
This finding is contrary to a previous study by GhaseClin. Lab. 10/2022

mian et al. [23] but is in line with a previous study by
Mahmoudi et al. [24]. This discrepancy suggests a difference in the genetic pathway of biofilm formation between MRSA and MSSA. This is supported by Pozzi et
al. [25] who reported that biofilm formation in MSSA
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Table 6. Distribution of Agr system among biofilm forming versus non-biofilm forming S. aureus isolates.
Biofilm formation
agr group

Positive

Negative

p-value

No.

%

No.

%

agr I

35

52.2

19

29.7

agr II

20

29.9

20

31.3

agr III

9

13.4

18

28.1

agr IV

3

4.5

7

10.9

Total

67

100

64

100

0.026 *

agr - Accessory-Gene-Regulator.
* - p is significance.

mainly occurs via PIA synthesis while in MRSA it is
more related to the fnbB adhesion. Biofilm production
in MSSA depends upon on polysaccharide intercellular
adhesin/poly-N-acetylglucosamine (PIA/PNAG) with
its expression on hydrophilic surfaces and an Atl/
PNAG-dependent biofilm on hydrophobic surfaces,
while methicillin-resistant isolates express an Atl/FnBPmediated biofilm phenotype. The autolytic activity is
Atl-dependent, and extracellular DNA releases are responsible for the early stages of biofilm formation in the
MRSA, while FnBPs encourage the intercellular accumulation and biofilm formation [25].
The presence of urinary catheter and central venous
catheter were significantly more prevalent among children with MRSA than those with MSSA. This finding
was in line with previous bacteremia studies [26,27].
Among different virulence determinants in S. aureus is
the quorum-sensing system agr that controls toxins that
lyse leukocytes and control other immune evasion factors [28]. For that reason and in the light of frequent antibiotic resistance in S. aureus, recently, quorumquenching approaches that target agr functionality are
often proposed as potential alternatives to antibioticbased treatment of S. aureus infection [29]. Thus, as is
the case for most bacteria causing bloodstream infections, the role of virulence and quorum-sensing in S.
aureus sepsis remains incompletely understood [30].
In the current study, the frequency of agr group I was
41.2% which is lower than a previous study from China
that reported a frequency of 84.4% for agr I in Chinese
children [31,32]. There is a known difference in the
clonal types of S. aureus isolates in different regions
that might provide an explanation. In the present study,
agr I was the predominant type in MRSA. This finding
is similar to previous studies [33,34]. By contrast, a previous study from France determined equal distribution
of the four genotypes of agr among clinical isolates
[35]. The difference in the origin of the clinical isolates
and the geographical distribution of different genotypes
of S. aureus may explain the difference in the results
[36].

There is evidence about the role of quorum sensing in
biofilm formation by S. aureus and in severity of infections [15]. However, there is a lack of literature about
the role of agr mediated quorum-sensing associated
with biofilm. In the present study, there was a significant association of agr I with biofilm formation in S.
aureus, a finding that needs further investigation and in
vitro studies in animal models to verify the therapeutic
value of quorum-sensing blockers for systemic S. aureus and MRSA infection [15].
There was a significant increase in resistance to amoxicillin/clavulanic acid, ampicillin, cefotaxime, and ceftazidime in MRSA compared to MSSA isolates. MRSA
has resistance to penicillin like antibiotics and to other
classes of antibiotics. Vancomycin has been used in
treatment of MRSA species but there is a noticeable
emergence of reduced sensitivity to vancomycin [37] as
well as to daptomycin [38] and linezolid resistance [39].

CONCLUSION
The present study highlighted the prevalence of MRSA
among clinical isolates from pediatric patients with sepsis and showed the relationship between agr genotypes
and each of the biofilm formation and antibiotic resistance virulence factors of sepsis with S. aureus in pediatrics. The majority of S. aureus isolates, particularly
MRSA, were biofilm forming. The agr I was the predominant genotype among the studied isolates of S. aureus and it was significantly associated with MRSA and
biofilm formation.
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