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Abstract

Ventilator-associated pneumonia (VAP) represents a major cause of nosocomial infections in the intensive care units in
which Staphylococcus aureus is frequently involved. Better knowledge of this pathogen is required in order to enhance the
patient’s treatment and care. In this article, we studied the bacteriological profile and virulence factors of S. aureus-related
VAP on a 3-year period. We included a collection of S. aureus strains (n=35) isolated from respiratory samples from patients
diagnosed with VAP in the intensive care units. We studied the bacteriological aspects and we searched for the presence of
virulence factors (SpA, FnbpA, Hla, and PVL genes) in the strains, and we also studied the clinical and biological aspects
of the infections. The average age of our patients was of 36 years and they were predominantly males (sex ratio=3.37). A
severe head trauma or a history of coma was noted in 73.43% of the patients. The average duration of ventilation was 29 days.
Among the studied strains, five were Methicillin-resistant S. aureus of which three expressed the mecA gene. Overall, the
Hla gene was detected in 85.7% of the strains and it was more prevalent in Methicillin-susceptible than Methicillin-resistant
strains (93.3% versus 40%; P=0.014). FnbpA, Spa, and PVL genes were detected, respectively, in 80%, 45.7%, and 20%
of the strains. Therefore, our studied strains were essentially associated with the production of Hla and FnbpA genes. It is,
however, important to elucidate their expression in order to establish their role in the VAP pathogenesis.

Introduction

Hospital-acquired pneumonia is a growing concern in the
healthcare system, because of its impact on the prognosis of
the initial condition and the significant cost of its manage-
ment. In intensive care units, among intubated and mechani-
cally ventilated patients, ventilator-associated pneumonia
(VAP) is usually linked to high mortality and morbidity
rates [1].

Staphylococcus aureus is frequently implicated in these
infections and usually complicates them due to its important
virulence factors and its resistance to antibiotics [2]. In this
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article, we conducted a retrospective study in order to estab-
lish the clinico-epidemiological profile of S. aureus-related
VAP in intensive care units (ICU), study the bacteriological
characteristics, elucidate the virulence factors of the isolated
strains, and to compare our results to the literature data.

Materials and Methods
Collected Strains and Bacterial Culture

Our study, conducted on a three-year period (from 2017 to
2019) involved all non-redundant strains of S. aureus iso-
lated in our laboratory from different types of respiratory
samples (sputum, bronchoalveolar lavage, and protected
specimen brush) in patients diagnosed with VAP in the sur-
gical ICU of our hospital.

For sputum, after fluidification (in equal quantities of
secretions and thinning agent), a dilution to 10~* is seeded on
5% sheep blood agar and chocolate blood agar supplemented
with PolyVitaleX, using a calibrated handle of 10 pL, and
submitted for culture on Wilkins Chalgren anaerobe broth.
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The media are examined after 24—48 h of incubation. One
colony represents 10° CFU/mL (dilution factor =107%).
The threshold is 107 CFU/mL. After homogenization, the
bronchoalveolar lavage and the protected specimen brush
are directly submitted to culture on the same media with-
out dilution using a calibrated handle of 10 pL. One colony
represents 10> CFU/mL. The threshold is of 10* CFU/mL
for the bronchoalveolar lavage and 10* CFU/mL for the pro-
tected specimen brush.

Study Population

Demographic data (age, gender, and underlying diseases),
clinical data (duration of mechanical ventilation, clinical cri-
teria of VAP, antibiotic therapy, and outcomes of patients),
and biological data [C-reactive protein (CRP), procalcitonin
(PCT), and leukocyte count] were collected by consulting
medical files.

Microbiology

The identification of S. aureus was done using Gram stain-
ing and phenotypic tests among catalase production, rapid
agglutination test with latex particles (Pastorex™ Staph-Plus
BIORAD®), and the tube coagulase method using rabbit
plasma (BIORAD®, France).

Antibiotic susceptibility testing of S. aureus was per-
formed with the disk diffusion method using Mueller-Hin-
ton agar base or with the Vitek2® system (BioMerieuxInc.
Marcy I’Etoile, Lyon, France) using the AST-P580 card.
The results of the zone diameters or the minimum inhibi-
tory concentrations (MIC) were interpreted according to the
standards issued by the Antibiotic Committee of the French
Microbiology Society (CASFM) guidelines of the year cor-
responding to the sampling date. For methicillin-resistant
Staphylococcus aureus (MRSA) strains, the determination
of CMI of glycopeptides (Vancomycin and Teicoplanin) was
conducted using the broth microdilution.

Molecular Analysis

The studied strains were screened for the presence of the
genes expressed by the following virulence factors: staph-
ylococcal protein A (SpA), fibronectin A binding protein
(FnbpA), alpha hemolysin (Hla), and Panton—Valentine leu-
kocidin (PVL). The search of the mecA gene, which encodes
for an additional penicillin binding protein (PLP2a) with a
low affinity for beta-lactams, was also performed. The DNA
extraction was done using a fresh culture, by thermal lysis or
by Jena Bioscience® Genomic DNA Purification Kit. The
amplification was carried out by PCR simplex to demon-
strate the different genes’ presence. The primers used and
the amplification conditions are summarized in Tables 1 and
2. The products of the PCR were revealed by electrophoresis
on 1% agarose gel.

Statistical Analysis

The statistical study of our series was carried out using the
IBM®SPSS®Statistics 21.0 software. P values below 0.05
were considered significant.

Results
Clinical and Biological Features

Patients diagnosed with S. aureus VAP were predominantly
male (sex ratio=3.37) with an average age of 36 years.
Their age distribution is detailed in Fig. 1 and their main
antecedents are summarized in Table 3. The duration of
ventilation ranged from 4 to 90 days with an average of
29 days. A prolonged hospital stay has been reported in all
patients with an average of 36.26 days and ranging from
9 to 145 days. The most frequently described signs were
as follows: fever (n=34), worsening gas exchange (Sa0O,

Table 1 Primers used for each

Targeted gene Primers Product
gene size (bp)
Pvl F: 5’ATCATTAGGTAAAATGTCTGGACATGATCCA-3’ 433
R: 5-GCATCAASTGTATTGGATAGCAAAAGC-3'
FnbpA F: 5'-CATAAATTGGGAGCAGCATCA-3’ 128
R: 5-ATCAGCAGCTGAATTCCCATT-3’
Hla F: 5'-CTGATTACTATCCAAGAAATTCGATTG-3' 209
R: 5'-CTTTCCAGCCTACTTTTTTATCAGT-3'
SpA F: 5'-ATCTGGTGGCGTAACACCTG-3' 350
R: 5-CGCTGCACCTAACGCTAATG-3'
mecA F: 5'-GGGATCATAGCGTCATTATTC-3’ 527

R: 5'-AACGATTGTGACACGATAGCC-3'
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Table 2 Conditions for amplifying simplex PCRs

Steps Simplex PCR FnbpA Simplex PCR PVL

Initial denaturation 1 min at 94 °C 5 min at 94 °C

Number of cycles 30 30
Denaturation 45sat 94 °C 30sat94 °C
Hybridization 45sat 55 °C 30sat55°C
Elongation 1 min at 72 °C 1 min at 72 °C

Final elongation 7 min at 72 °C 5 min at 72 °C

Simplex PCR Hla Simplex PCR spA Simplex PCR mecA
7 min at 94 °C 2 min at 94 °C 5 min at 94 °C

35 35 30

1 min at 94 °C 30sat94 °C 30sat94 °C

1 min at 65 °C 30sat60 °C 30sat56°C

1 min at 72 °C 1 min at 72 °C 1 min at 72 °C

7 min at 72 °C 5 min at 72 °C 10 min at 72 °C

14

12

10

'

u0-10 =11-20 =21-30 =31-40

41-50 =51-60 =60 Age

Fi

g.1 Distribution of patients by age groups

Table 3 History of patients with S. aureus pneumonia

Number and
percentage of

Patient’s history

patients
Mechanical ventilation 35 (100%)
Intubation period >3 days 35 (100%)
Ventilation period > 7 days 35 (100%)

34 (97.14%)
34 (97.14%)
25 (71.43%)

Prolonged hospitalization
Tracheal orthosis (tracheostomy, tracheal intubation)
Coma or head trauma

Recent chirurgery (abdominal; thoracic) 7 (20%)
Swallowing disorder 5(14.3%)
Tobacco 4 (11.4%)
Diabetes 4 (11.4%)
Chronic respiratory disease (COPD; cystic fibrosis) 3 (8.6%)
Neurological disease 3 (8.6%)
Chronic renal failure 1(2.9%)
Substance addiction 1(2.9%)
Alcohol 1(2.9%)
Cardiovascular disease 0
Chronic hepatic failure 0

S. aureus nasal colonization 0
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l; O, requirement 1) (n=20), and new onset of purulent
tracheal secretions (n=20). The median level of leukocy-
tosis was 14.000 cells/mm?>. Those of CRP and PCT were,
respectively, 191 mg/L and 3.49 ng/mL. An empirical anti-
biotic therapy was prescribed for 64.57% patients (24/35)
from whom 66.66% (16/24) were placed on an association
of antibiotics. Empirical treatment targeting MRSA was only
prescribed in five cases. The average duration of antibiotic
therapy was 10.5 days, with a minimum of 6 days, and a
maximum of 15 days. Overall, patients had an optimal out-
come in 80% of the cases.

Bacteriological Data

From 2017 to 2019 a total of 322 bacterial strains were
isolated from respiratory samples taken from patients diag-
nosed with VAP in the surgical ICU of our hospital. Among
the latter, only 35 non-redundant strains of S. aureus (n=35)
were collected. Their distribution over time was as follows:
11 isolates in 2017 (n=107), 10 isolates in 2018 (n=100),
and 14 isolates in 2019 (n=115).

Respiratory samples were mainly collected using the pro-
tected specimen brush method (91.42%) followed by sputum
(5.7%) and bronchoalveolar lavage (2.9%). Monomicrobial
pure culture of S. aureus was obtained in 77.1% (n=27) of
the cases. Antibiotic susceptibilities of the isolated strains
of S. aureus are presented in Table 4. Among them 91.4%
(n=32) were resistant to Penicillin G, with 14.3% (n=5)
resistant to Oxacillin. On the other hand, 22.9% (n=238)
strains were resistant to Tetracycline and 2.9% (n=1) resist-
ant to Rifampicin and Fosfomycin.

Molecular Analysis

All the screened genes were present with a variable fre-
quency as illustrated in Fig. 2: 85.7% (n=30) and 80%
(n=28) of the isolates of S. aureus carried the Hla and the
FnbpA genes, respectively. The Hla gene was more prevalent
in methicillin-susceptible S. aureus (MSSA) than in MRSA
[93.33% (n=28) versus 40% (n=2); P=0.014] (Table 5).
However, only 20% (n=7) of the strains were PVL pro-
ducers. The corresponding patients presented only with
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Table 4 Study of antibiotic susceptibility for the 35 isolated strains of
S. aureus

Antibiotics Number (n) and Percentage of strains
Susceptible Resistant

Penicillin G 8.6% (3) 91.4% (32)
Oxacillin 85.7% (30) 14.3% (5)
Cefoxitin 88.6% (30) 14.3% (5)
Erythromycin 100% (35) 0
Lincomycin 100% (35) 0
Pristinamycin 100% (35) 0
Ofloxacin 94.3% (33) 5.7% (2)
Tetracycline 77.1% (27) 22.9% (8)
Vancomycin 100% (35) 0
Teicoplanin 100% (35) 0
Trimethoprim—Sulfameth- 100% (35) 0

oxazole
Fosfomycin 97.1% (34) 2.9% (1)
Chloramphenicol 100% (35) 0
Fusidic acid 100% (35) 0
Rifampicin 97.1% (34) 2.9% (1)

90,00%

80,00% -

70,00% -
60,00% -
50,00% -
40,00% -
30,00% -
20,00% -
10,00% -

0,00% -

mSpA mFnbpA mHla mpyl

Fig.2 Prevalence of virulence genes in Staphylococcus aureus strains

Table 5 Prevalence of virulence genes based on Methicillin resist-
ance

Gene Distribution of isolates P
MRSA (n=5) MSSA (n=30)

SpA (n=16) 3 (60%) 13 (43.3%) 0.489

FnbpA (n=28) 4 (80%) 24 (80%) 0.744

Hla (n=30) 2 (40%) 28 (93.33%) 0.014

pvl (n=17) 2 (40%) 5(16.7%) 0.256

MRSA Methicillin-resistant Staphylococcus aureus, MSSA Methicil-
lin-susceptible Staphylococcus aureus

fever with normal leukocyte count, six out of these seven
cases had a good outcome. In addition, the genotypic study
revealed that among the five strains resistant to Oxacillin
according to the phenotypic susceptibility testing methods;
only two isolates of S. aureus carried the mecA gene.

Discussion

Risk factors for hospital-acquired pneumonia (HAP) may
be intrinsic due to the differences in host factors or extrin-
sic, such as diagnostic procedures or medical interventions
undergone in the ICU. Inspecting the literature, we noted
that an elderly age seems to be a predisposing factor for HAP
caused by S. aureus. However, gender is not considered to be
arisk factor [3]. In our study, S. aureus-related VAP affected
a young population (average age =36 years) with only two
patients over 60 years. A male predominance with a gender
ratio of 3.37 was also noted. Our result is comparable to
those reported by an American, Korean, and a Canadian
multicenter study with male percentages of 61%, 65.3%,
and 67.1%, respectively [4—6]. This could be explained by
the fact that within intensive care units, there is usually an
uneven distribution of patients in favor of the male sex [7-9].

Other risk factors predisposing patients to the develop-
ment of HAP can be related to the severity of their underly-
ing diseases; for instance, coma and head trauma injuries
play an important role in the selection and colonization by
microorganisms, such as S. aureus [2]. In our study, 71.43%
of patients had an antecedent of coma or a severe head
trauma. A similar result was reported by Pujoz er al., while
Rello et al. had shown that coma is the only reported risk
factor for S. aureus-related VAP in a multivariable study [10,
11]. In neurosurgical patients, the high frequency of coloni-
zation with S. aureus could be linked to the prolonged use of
paralytic sedative, and the treatment by hyperventilation and
corticosteroids, and these factors may also contribute to the
alteration of the airway defenses of these patients [12, 13].

The incidence of MRSA in HAP varies by department,
hospital, and country. High rates were reported in Germany
(37%), the United States (54%), Asia, and Latin America
(78%) [14].

As reported in previous studies, a prolonged hospital stay,
the presence of intubation, and mechanical ventilation are
also considered as risk factors for the development of MRSA
HAP. [10, 11, 15]. 97.14% of our patients had a long hospital
stay with an average of 36.26 days. All patients were intu-
bated and mechanically ventilated with an average duration
of 29 days, and extremes ranging from 4 to 90 days. Thus,
surprisingly, in our study, the incidence of methicillin resist-
ant strains is low. These results are similar to those reported
by a Moroccan study [16].
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The diagnosis of HAP is based on clinical, radiologi-
cal, and biological criteria. Given the lack of specificity
of the clinical signs, an etiologic diagnosis by quantitative
microbiological culture on respiratory samples is essential.
Protected specimen brush (PSB) is the most used sample
(91.42%) in the surgical ICU of our hospital. This could be
motivated by the performance of blind PSB which is close
to fibroscopic techniques unlike bronchoalveolar lavage
that requires fibroscopy and therefore rigorous procedures.
Moreover, the specificity and sensitivity of PSB are close
to 80% [17].

During the study period, five of our strains were identi-
fied as MRSA based on the phenotypic study. We searched
for the mecA gene presence in these isolates by PCR, which
concluded that only two strains of the five MRSA carried
the gene. Actually, in 2011, multi-susceptible MRSA strains
were first described in humans and animals in the United
Kingdom and Denmark [18]. These strains carried a variant
of the mecA gene (less than 70% homology) called mecC
encoding a PLP2c and having, like PLP2a, a low affinity
for beta-lactam. Consequently, the 3 MRSA mecA-nega-
tive strains could possibly carry this gene. Due to variable
increases in MIC with antibiotics of the beta-lactam family,
the mecC gene resistance proves to be phenotypically dif-
ficult to detect particularly by automated testing [19]. This
leads us to conclude that a routine detection of the mecC
gene presence by PCR would be of a considerable contribu-
tion in our laboratory.

On the other hand, S. aureus is known for the severity
of its infections mostly related to the increased production
of its virulence factors. Actually, these factors help initiate
colonization and interfere with the immune system allowing
the bacterium to adhere to tissues, damage them, and dis-
seminate to other organs [20].

Staphylococcus aureus is commonly present in the oto-
laryngeal and tracheobronchial flora. Consequently, VAP
pathogenesis is usually a result of the rupture of the balance
between the immune system defenses and the production of
virulence factors [21, 22]. In our study, the corresponding
virulence genes SpA, FnbpA, Hla, and PVL were present
with the rates of 45.7%, 80%, 85.7%, and 20%, respectively.
Clinically, PVL, a very potent toxin, has been associated
with necrotizing community-acquired pneumonia encoun-
tered mainly in children and young adults [23]. In our case,
among 7 patients infected with PVL (+) S. aureus, only one
had a poor outcome (14.3%). A French case—control study
of 133 children and adults suffering from HAP due to PVL
(+) S. aureus did not show any worsening clinical symp-
toms [24]. Therefore, other cytolytic toxins may also inter-
fere in the pathogenesis of S. aureus HAP. Indeed, attention
has recently been focused on other cytolysins, in particular
the staphylococcal Hla secreted by 80-90% of S. aureus
strains. This toxin plays an active role in the pathogenesis
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of pneumonia by activating the inflammasome "NOD-like
receptor family, pyrin domain containing 3" (NLRP3), lead-
ing to severe alveolar necrosis, induction of platelets and
neutrophils aggregation, and tissue disruption [25-27]. The
prevalence of the Hla factor in our study was 85.7% and was
higher in the MSSA strains than in the MRSA (93.3% versus
40%; P=0.014). In this context, Tabor et al. reported a Hla
prevalence of 86.9% in MSSA and 78.8% in SARM with a
significant difference (P =0.0007). Moreover, they showed
that independently from geography, patient age, or length
of hospital stay, more MSSA isolates than MRSA isolates
expressed Hla, as well as higher levels of Hla. This sug-
gests that the genetic background of MSSA allows higher
Hla expression [28]. The gene encoding the fibronectin A
binding protein was present in 80% of the S. aureus iso-
lates, with a non-significant difference between MRSA and
MSSA (P=0.744). Our results are comparable to those pub-
lished by the teams of Sharma-Kuinkel ef al. and that of
Doudoulakakis et al. [29, 30]. In another study conducted
by Ghodousi ef al. 100% of the S. aureus isolates expressed
the gene encoding for the FnbpA [31]. A French study sug-
gested that FnbpA played a major role in the colonization of
the respiratory tract and insisted on the importance of this
protein’s regulatory mechanisms in the expression of the
staphylococcal pathogenicity [32].

The SpA gene, encoding for one of the most important
adhesins produced by S. aureus, was prevalent in our study
with a percentage of 45.7%: 43.3% (13/30) in MSSA and
60% (3/5) in MRSA (P =0.489). Libert N et al. showed
that mice infected with a PVL (+) and SpA (—) strains had
localized lesions and massive leukocyte infiltration and that
infection with a PVL (+) and Spa (+) strains resulted in
more severe lesions and death. SpA has also been reported to
have a pro-inflammatory effect on pneumonia via the tumor
necrosis factor. Immune cells lysis by PVL associated with
an increased SpA production would therefore have a syner-
gistic effect on the lung tissue inflammation [33, 34].

The choice of an initial empiric antimicrobial treatment
targeting MRSA combined with a broad-spectrum agent is
crucial. It is usually made based on the presence of certain
risk factors, local epidemiology, and pneumonia severity.
Nevertheless, this empirical treatment is not without risk;
other than its iatrogenic risk, it is less effective on the MSSA
strains and it leads to the selection of resistant mutants of
GISA “glycopeptides-intermediate S. aureus” strains [35].
Once the susceptibility is documented, the antibiotic treat-
ment must be narrowed and optimized. Regarding the dura-
tion of therapy, the French Society of Anesthesia & Intensive
Care Medicine and the American Thoracic Society specify
that the duration of antibiotic therapy for HAP should not
exceed 7 days outside severe clinical cases [5, 36].

The continued progress in understanding pathogen-
esis mechanisms of S. aureus infections has enabled the
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development of specific anti-virulence factor (AVA) agents
that can reduce the pathogenicity of this bacterium in many
clinical situations especially in HAP. These advances are
interesting not only on a microbiological but also on a thera-
peutic level because other than the specific antimicrobial
effects of AVA, they can also potentiate antibiotics efficacy
prescribed in the ICU [37].

Our work has some limitations. Besides of the small
sample size, it needs further elucidation using more tech-
nologies, such as DNA sequencing and appropriate in vitro
methods and in vivo models, to assess the virulence fac-
tors expression during infection. In fact, the determinants
of infection severity are far more complex than the presence
or absence of a few virulence characteristics. We therefore
could not correlate clinical outcomes with the expression
levels of the screened virulence genes. Despite these limi-
tations, to the best of our knowledge, this is the first study
conducted in Tunisia that established the clinico-epidemio-
logical profile of S. aureus-related VAP in the ICU, studied
the bacteriological characteristics, and elucidated the viru-
lence factors of the isolated strains. It provided also valuable
insights into the presence of Hla and FnbpA genes in both
MSSA and MRSA populations. The production of the genes
encoding for Hla and FnbpA, respectively, seems to be inde-
pendent of the production of the antibiotic resistance genes.

Conclusion

VAP remains among the most encountered and most feared
infections in the ICU. S. aureus-related VAP in our hospital
structure affected a young population, predominantly male
with particular co-morbidities. Our collection of isolates is
essentially associated with the production of Hla and FnbpA
genes encoding for their respective virulence factors. It
would be very interesting to supplement this work by other
studies for a better understanding of the pathogenesis of S.
aureus VAP. The prevalence of MRSA strains remains low
in our study, even though the average length of hospitaliza-
tion was 36.26 days. It seems crucial to implement adequate
preventive measurements in the daily clinical practice in
order to prevent these infections, improve their prognosis,
and to avoid the spread of MRSA.
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