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ABSTRACT. Staphylococcus aureus (S. aureus) is a clinically significant 
pathogen with various virulence factors contributing to its pathogenicity. 
This study analyzed the frequency of S. aureus in healthcare personnel and 
evaluated the presence of virulence genes. Samples were collected from 
nasal secretions and the nail bed. Biochemical and molecular methods 
performed identification of S. aureus. PCR was used to detect virulence 
genes. The frequency of S. aureus in nasal secretion was 28% (14/50), and 
in the nail bed, 4% (2/50). The following virulence genes were detected in 
nasal secretion isolates: hla/hld/hlg2: 14/14(100%), hlg: 12/14(86%), hlb: 
8/14(57%), tst: 7/14(50%). In the nail bed, isolates were detected: hla/hld/
hlg2: 2/2(100%) and hlg/hlb/tst: 1/2(50%). No lukS/lukF-PV genes were 
detected. A significant association was found between nasal carriage of S. 
aureus and medical and nursing professions. A higher frequency of nasal 
carriage of S. aureus was detected, whereas it was deficient in the nail 
bed. The presence of virulence genes in S. aureus isolates demonstrates 
the importance of evaluating the virulence potential of strains circulating 
among carriers in hospital institutions.
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INTRODUCTION

S. aureus possesses an arsenal of elements such as surface components, proteins, toxins, and 
exotoxins that contribute to its pathogenicity by allowing it to adhere to tissue surfaces, evade the 
immune system, and induce toxic effects in the host. In addition, it has developed various resistance 
mechanisms to antimicrobials used to treat infections caused by this microorganism (Bien et al., 
2011; Olarte et al., 2010).

Among the exoenzymes that facilitate its establishment and survival in the host are 
cytotoxins such as hemolysins (α, β, δ, γ) and leukocidins, especially Panton-Valentin leukocidin 
(PVL). Moreover, this microorganism produces three enzymes belonging to the group of pyrogenic 
superantigenic toxins (PTSAg), toxic shock syndrome toxin 1 (TSST-1), enterotoxins (SEs), and 
exfoliative toxins (ETs) A and B (Cervantes-García et al., 2014; Chamon et al., 2020).

Healthcare-associated infections are a global public health problem due to their frequency, 
severity, and high cost. The global prevalence is high, with an estimated 5-10% of hospitalized 
patients suffering from an infectious disease. Approximately 50% of these conditions are caused 
by S. aureus, a microorganism that inhabits the nasal passages, pharynx, and skin of asymptomatic 
carriers who can transmit the bacterium through respiratory secretions or contact with contaminated 
hands (Posada F, 2011). 

Carrier status plays a vital role in the epidemiology and pathogenesis of staphylococcal 
infections. Several studies have shown that the patient's microflora usually causes nosocomial S. 
aureus infections. The initial reservoir of infection has not been clearly established; some patients 
are colonized with this bacterium at the time of hospitalization, and others are likely to acquire it 
during their hospital stay (Castellano González et al., 2005).

Healthcare personnel, especially physicians and nurses, play an essential role as reservoirs 
and carriers of S. aureus from person-to-person and patient-to-patient (Abraham et al., 2004). Direct 
contact with patients and poor hygiene practices are considered sources of infection and causes of 
the spread of S. aureus among hospitalized patients. According to published figures, the colonization 
of medical personnel with this microorganism ranges from 9.6 to 11.6% worldwide (Skov et al., 2012).

Identifying S. aureus reservoirs and preventive and sanitary control measures aimed at 
reducing colonization among healthcare personnel is of great value in preventing the spread of 
staphylococcal infections among hospitalized and ambulatory patients. Therefore, this research aims 
to analyze the frequency of colonization by S. aureus among members of the health personnel in 
a Cuenca-Ecuador hospital and to determine the virulence factors present in these strains that may 
contribute to developing infectious processes at the hospital level. In addition, to relate the presence 
of virulence genes in the isolates with characteristics of the health personnel, such as age, sex, 
profession, and service where they work.

MATERIALS AND METHODS

Population and sample

The population and sample comprised all health professionals working in a Cuenca-Ecuador 
hospital in 2021. All asymptomatic individuals who provided professional services during the study 
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period were included in the sample after signing the informed consent form and whose samples met 
the essential acceptance criteria for bacteriological culture.

Sample collection

A total of 50 individuals were studied. Nasal secretion and nail bed samples were collected 
from each participant. Nasal secretions were collected with a sterile swab moistened with 0.9% 
saline solution. The nail bed sample was obtained by rubbing the nail bed with a sterile swab 
moistened with 0.9% saline solution. Specimens were placed in Stuart's medium and transported to 
the laboratory for processing. Furthermore, each individual was administered a survey to obtain data 
related to the risk factors analyzed in this study.

Isolation and Identification of S. aureus

For isolation of S. aureus, the samples were inoculated on Salted Mannitol Agar (selective 
media for Staphylococcus) and Lamb Blood Agar (enriched media) and incubated under aerobic 
conditions at 35°C for 24-48 hours. At the end of the incubation period, macroscopic morphology 
was observed. Colonies with characteristics compatible with the genus Staphylococcus were streaked 
by Gram's staining. Phenotypic identification was performed by biochemical tests (coagulase, 
deoxyribonuclease, and mannitol fermentation).

Isolates phenotypically characterized as S. aureus were genotypically identified by 
polymerase chain reaction (PCR) using specific primers to amplify the nucA and femB genes. The 
primer sequence, amplicon size, and PCR conditions were taken from the techniques described by 
Hamdan et al.(Hamdan-Partida et al., 2015) and Ramesh et al.(Ramesh et al., 2002).

Detection of virulence genes

DNA extraction: The alkaline lysis (1% sodium dodecyl sulfate (SDS) solution in 0.25N 
NaOH) and boiling technique was used for DNA extraction from S. aureus strains, as briefly 
described: A suspension of colonies was prepared in 1 ml of sterile distilled water in Eppendorf 
tubes, centrifuged at 3000 rpm for 10 minutes, and the supernatant was discarded. Then 50 µl of 
lysis solution was added, vortexed, and placed in a thermoblock at 100°C for 15 minutes. Next, 450 
µl of nuclease-free water was added and centrifuged at 3000 rpm for 20 seconds to obtain total DNA 
(Andrade T & Orellana B, 2019). The extracted DNA was stored at -20°C.

Polymerase Chain Reaction (PCR)

PCRs for the detection of the following virulence factors: tst gene encoding TSST-1, lukS/
lukF-PV genes for Panton-Valentine Leukocidin production, hla, hlb, hld, hlg and hlg-2 genes 
encoding alpha, beta, delta, gamma, and gamma variant hemolysins were performed according to 
the methodology as described by Jarraud et al.(Jarraud et al., 2002), Lozano et al.(Lozano et al., 
2014); Lina et al.(Lina et al., 1999), genes, primers, and amplified fragments are listed in Table 1.

A final volume of 20 µl of reaction mixture was prepared containing: 10 µl Promega Green 
GoTaq 2X Mastermix, 2 µl DNA, 5 µl ultrapure water, and 1.5 µl of each primer. The amplification 
program consisted of 5 minutes at 94°C, 30 amplification cycles of 30 seconds at 94°C, 1 minute 
at 55°C and 1 minute at 72°C, and a final extension of 10 minutes at 72°C. The reactions were 
performed on an Agilent Sure Cycler 8800 Laica et al.(Laica et al., 2021).
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PCR products were separated by horizontal electrophoresis on 1.5% w/v agarose gel (50 ml 
gel with 2 µl SYBR Safe DNA Gel Stain10,000x from Invitrogen) immersed in 1X TAE buffer. 
The run was performed at 70 V, 70 A, and 50 W for 60 min according to the method described 
by Jarraud et al.(Jarraud et al., 2002) and Pacheco et al.(Pacheco et al., 2021). The 1kb Plus DNA 
Ladder molecular weight marker (Trackit from Invitrogen) was used. The size of the amplicons was 
calculated according to the migrations on agarose gels, compared to the migration of the standard 
DNA bands of the 100bp Plus DNA Ladder molecular weight marker (Trackit from Invitrogen) and 
photographed on a UV transilluminator with a digital camera.

Statistical analysis

Continuous data are presented as mean ± standard deviation, and categorical data are presented 
as numbers and percentages. Pearson's chi-squared test, Fisher's test, and logistic regression were 
used to evaluate possible associations between the presence of virulence genes in S. aureus strains 
and the risk factors analyzed. For all tests, a p-value < 0.10 was considered statistically significant.

RESULTS

The incidence of S. aureus in nasal secretion samples from healthcare personnel was 28% 
(14/50), while only 4% (2/50) of nail beds were positive for this microorganism. Table 2 shows 
the results of virulence gene detection in S. aureus isolates. As can be seen, no genes for PVL 
production were detected. The presence of hla, hld and hlg2 genes for hemolysin production was 
evident in all strains. In addition, the production of tst, hlb and hlg genes was detected in 50% or 
more of the isolates.

Table 3 shows the virulence gene profiles of the 16 S. aureus strains isolated from nasal 
secretions and nail beds. In 50% (8) of the isolates, the presence of genes for hemolysin production 
was detected, accompanied by the gene for TSST-1 expression.

Genes Primers (5´-3´) Amplicon (pb) Control strains (ATCC)

tst F: TTCACTATTTGTAAAAGTGTCAGACCCACT 180 43300R: TACTAATGAATTTTTTTATCGTAAGCCCTT
lukS/lukF-
PV

F: ATCATTAGGTAAAATGTCTGGACATGATCCA 433 25923R:  GCATCAASTGTATTGGATAGCAAAAGC

hla F: CTGATTACTATCCAAGAAATTCGATTG 209 25923R: CTTTCCAGCCTACTTTTTTATCAGT

hlb F: GTGCACTTACTGACAATAGTGC 309 25923R: GTTGATGAGTAGCTACCTTCAGT

hld F: AAGAATTTTTATCTTAATTAAGGAAGGAGTG 111 25923R: TTAGTGAATTTGTTCACTGTGTCGA

hlg F: GTCAYAGAGTCCATAATGCATTTAA 937 33592R: CACCAAATGTATAGCCTAAAGTG

hlg-2 F: GACATAGAGTCCATAATGCATTYGT 535 25923R: ATAGTCATTAGGATTAGGTTTCACAAAG

Table 1. Primers used for the detection of virulence genes in S. aureus.
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Virulence Genes
S. aureus strains
Nasal secretion (n=14) Nail bed (n=2)
N (%) N (%)

hla 14 (100) 2 (100)
hld 14 (100) 2 (100)
hlg2 14 (100) 2 (100)
hlg 12 (86) 1 (50)
hlb 8 (57) 1 (50)
tst 7 (50) 1 (50)
lukS/lukF-PV 0 (0) 0 (0)

Table 2. Presence of virulence genes in S. aureus isolates from healthcare personnel.

Table 3. Virulence gene profiles of S. aureus isolates from healthcare personnel.

Virulence genes S. aureus strains
N %

hla, hld, hlg2 3 18,75
hla, hld, hlg2, hlg 2 12,50
hla, hld, hlg2, hlg, hlb, 3 18,75
hla, hld, hlg2, hlg, tst, 2 12,50
hla, hld, hlg2, hlg, hlb, tst 6 37,50
Total 16 100

On the other hand, 8 (50%) S. aureus produced genetic profiles only for hemolysin expression, 
of which three showed the totality of hemolysin-producing genes. In contrast, in three other isolates, 
the hla, hld, hlg2 profile was obtained, and in two strains, the latter profile was accompanied by the 
presence of the hlg gene (Table 3).

Figures 1-7 show the results of PCR used to detect the genes for hemolysins (hla, hlb, hld, 
hlg, hlg2), toxic shock syndrome (tst), and Panton Valentine leukocidin (lukS/lukF-PV) in S. aureus 
strains isolated from nasal secretion and nail bed samples.

A descriptive bivariate analysis of the risk factors considered in this study and the presence of 
virulence gene-producing S. aureus strains isolated from nasal secretions was performed. Qualitative 
variables were presented as frequencies and percentages. For each variable, the chi-squared test was 
applied and the probability (p), odds ratio and 95% confidence intervals (CI 95%) were calculated 
(Table 4). 

The detection of S. aureus was 14% higher in the male sex. Concerning age, this bacterium’s 
highest number of carriers occurred in individuals aged 30 years or younger. On the other hand, 
physicians were the professionals most likely to harbor this microorganism in their nostrils. The 
presence of S. aureus was 10% higher in individuals who worked more than 8 hours per day than 
those who worked 8 hours or less (Table 4).

Emergency, surgery, operating room, and intensive care units had the highest concentrations 
of S. aureus carriers. Those who reported an allergic condition had an 11% higher frequency of 
isolation compared with those who did not have an allergic condition. Pet ownership at home was a 
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variable for which there was a 15% difference between the professionals sampled, which was higher 
in those who reported living with pets (Table 4).

Table 5 shows the results of the logistic regression analysis. The independent variables from 
the bivariate analysis with a p-value < 0.1 were included. Odds ratios and their 95% confidence 
intervals are shown for each variable. These results confirm that S. aureus is mainly present in 
physicians and, to a lesser extent, in nurses; specifically, physicians were three times more likely to 
be carriers of this bacterium.

The bivariate analysis of the different virulence genes presents in the S. aureus strains isolated 
from nasal secretions and their association with risk factors is shown in Table 6.

In the 14 samples positive for this microorganism, a statistically significant association was 
found between the presence of hemolysin producing S. aureus and the variables physician and 
nurse. When analyzing the strains that tested positive for the TSST-1 expression gene, no statistically 
significant evidence confirmed that the risk factors analyzed influenced the carriage of S. aureus 
producing the tst gene (Table 6).

Variable Category Total
S. aureus Odd Ratio
Negative
 (72%)

Positive 
(28%) p* OR CI (95%)

N N % N % CIi CIs

Sex Woman 34 26 76.5 8 23.5
Man 16 10 62.5 6 37.5 0.305 1.95 0.4 8.4

Age ≤ 30 years 29 20 69.0 9 31.0
> 30 years 21 16 76.2 5 23.8 0.574 0.7 0.2 2.9

Occupation
Physician (yes/no) 19 11 57.9 8 42.1 0.082 3.0 0.7 13.2
Nurse (yes/no) 22 19 86.4 3 13.6 0.045 0.2 0.0 1.2
Other (yes/no) 9 6 66.7 3 33.3 0.697 1.4 0.2 7.8

Workday
≤ 8 hours 28 21 75.0 7 25.0
> 8 hours 22 15 68.2 7 31.8 0.594 1.4 0.3 5.8

Years of 
service

≤ 1 year 26 18 69.2 8 30.8
> 1 year 24 18 75.0 6 25.0 0.650 0.8 0.2 3.1

Service
Work

Outpatient/Clinical visit 
(yes/no) 15 12 80.0 3 20.0 0.507 0.5 0.1 2.7

Emergency/OR/Sx/ ICU 
(yes/no) ** 18 12 66.7 6 33.3 0.529 1.5 0.3 6.3

Other(yes/no) 17 12 70.6 5 29.4 1.000 1.1 0.2 4.7

Allergic No 39 29 74.4 10 25.6
Yes 11 7 63.6 4 36.4 0.476 1.7 0.3 8.3

Pet
ownership

No 12 10 83.3 2 16.7
Yes 38 26 68.4 12 31.6 0.468 2.3 0.4 24.5

ATB*** last 
3 months

No 44 31 70.5 13 29.5
Yes 6 5 83.3 1 16.7 0.663 0.5 0.0 5.0

*p<0.1; **OR: operating room, Sx: surgery; ICU: Intensive Care Unit; ***ATB: antibiotics

Table 4. Bivariate analysis of variables associated with nasal carriage of S. aureus in healthcare personnel.
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Variables Coefficients β Odd Ratio
Model 1 Model 2 exp(β) [95% CI]

Profession (0 = other)
Physician 1.11* 3.03 [-0.21; 6.27]
Nurse -1.41* 0.24 [-0.05; 0.54]
Constant -1.43*** -0.44

Table 5. Logistic model for the variables Physician and Nurse.

*: p < 0.1; ***: p < 0.01

Table 6. Bivariate logistic regression analysis of variables associated with S. aureus carrying virulence genes.

Variable Category Total
Hemolysins TSST-1
Positive 

p*
Positive 

p*
N % N % 

Sex
Woman 34 8 23.5  4 11.8  
Man 16 6 37.5 0.305 3 18.8 0.507

Age
≤ 30 years 29 9 31.0  4 13.8  
> 30 years 21 5 23.8 0.574 3 14.3 0.960

Occupation
Physician (yes/no) 19 8 42.1 0.082 4 21.1 0.261
Nurse (yes/no) 22 3 13.6 0.045 2 9.1 0.375
Others (yes/no) 9 3 33.3 0.697 1 11.1 0.783

Workday
≤ 8 hours 28 7 25.0  2 2.0  
> 8 hours 22 7 31.8 0.594 5 5.0 0.115

Years of service
≤ 1 year 26 8 30.8  4 15.4  
> 1 year 24 6 25.0 0.650 3 12.5 0.769

Service
Work

Outpatient/Clinical visit(yes/
no) 15 3 20.0 0.409 2 13.3 0.929

Emergency/OR/Sx/ICU (yes/
no) ** 18 6 33.3 0.529 3 16.7 0.684

Others(yes/no) 17 5 29.4 0.873 2 11.8 0.744

Allergic
No 39 10 25.6  6 15.4  
Yes 11 4 36.4 0.484 1 9.1 0.595

Pet ownership
No 12 2 16.7  2 16.7  
Yes 38 12 31.6 0.316 5 13.2 0.760

***ATB last 3 
months

No 44 13 29.5  7 15.9  
Yes 6 1  16.7 0.510 0 0.0 0.292

*p<0,1; **OR: operating room, Sx: surgery; ICU: Intensive Care Unit; ***ATB: antibiotics
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Figure 1. PCR product for hla (209 pb) gene in S. aureus: lane 1 ladder, lane 2 positive control S. aureus ATCC 
25923, lane 3 negative control S. pyogenes ATCC 12344, lane 4-17 strains positive for nasal secretion, lane 
19-20 strains positive for nail bed.

Figure 2. PCR product for hld (111 pb) gene in S. aureus: lane 1 ladder, lane 2 positive control S. aureus ATCC 
25923, lane 3 negative control S. pyogenes ATCC 12344, lane 4-17 strains positive for nasal secretion, lane 
19-20 strains positive for nail bed.

Figure 3. PCR product for hlg2 (535 pb) gene in S. aureus: lane 1 ladder, lane 2 positive control S. aureus 
ATCC 25923, lane 3 negative control S. pyogenes ATCC 12344, lane 4-17 strains positive for nasal secretion, 
lane 19-20 strains positive for nail bed.
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Figure 4. PCR product for hlg (937 pb) gene in S. aureus: lane 1 ladder, lane 2 positive control S. aureus 
ATCC 33592, lane 3 negative control S. pyogenes ATCC 12344, lane 4, 6-11, 13-17, strains positive for nasal 
secretion, lane 20 strains positive for nail bed.

Figure 5. PCR product for hlb gene (309 pb) in S. aureus: lane 1 ladder, lane 2 positive control S. aureus 
ATCC 25923, lane 3 negative control S. pyogenes ATCC 12344, lane 4, 7-11, 13,16 strains positive for nasal 
secretion, lane 20 strains positive for nail bed.

Figure 6. PCR product for tst gene (180 pb) in S. aureus: lane 1 ladder, lane 2 positive control S. aureus ATCC 
43300, lane 3 negative control S. pyogenes ATCC 12344, lane 4, 6, 8, 11, 13, 15 ,16 strains positive for nasal 
secretion, lane 20 strains positive for nail bed.
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DISCUSSION

Colonization of the nasal passages and skin favors the persistence of S. aureus in the organism 
and is considered a reservoir for staphylococcal infections. In the present study, the frequency of 
S. aureus isolation from the nasal passages of healthcare personnel was 28%, which is significant 
for transmitting this bacterium to patients, particularly those with an immunodeficient due to severe 
diseases. 

This study’s results agree with data from other investigators (Boncompain et al., 2017; Laceb 
et al., 2022; Odu NN, 2012; Walana et al., 2020), who reported 25.5%-32% nasal carriage of S. 
aureus in students and healthcare personnel. Several authors have reported relatively lower isolation 
rates of 19-22% (Chen et al., 2015; Conceição et al., 2014; González et al., 2016; Hefner & Linde, 
2018; Karimi et al., 2017; Rongpharpi et al., 2013; Sedaghat et al., 2018; Xie et al., 2018) among 
workers in various hospital services. On the other hand, other studies (Cimera-Proaño & Pérez-
Pazmiño, 2010; Erdenizmenli et al., 2004; Khanal et al., 2021; Rongpharpi et al., 2013) reported a 
frequency of S. aureus carriers in professionals of hospital institutions ranging from 8.8 to 15.7%.

Results inconsistent with those obtained in this study were reported by Capozzi et al. 
(Capozzi et al., 2015), who evaluated the presence of S. aureus in the nursing staff of a hospital in 
Venezuela and found a nasal carrier rate of 50%; this corresponds to that reported in a hospital in 
Brazil by Prates et al. (Prates et al., 2010), where they notified a frequency of nasal isolation of 41%. 
Similarly, other studies (Boisset et al., 2019; Danelli et al., 2020; Sarkar et al., 2016) have reported 
a 39-43% prevalence of asymptomatic carriers in healthcare workers and students.

Studies of hand carriers are limited compared to those of nasal ones. In this study, all 
carriers of S. aureus strains in the nail bed also carried them in the nostrils. The frequency of this 
microorganism in this anatomical site was similar to that reported by Rai et al.(Rai et al., 2022) in 
hospital workers in Nepal. 

Strict compliance with prevention measures due to the pandemic, such as hand washing, 
using disinfectant solutions, gloves, and masks, may have influenced the low isolation of S. aureus 
in the fingernail beds of the healthcare personnel participating in this investigation.

All the S. aureus strains isolated in this study showed virulence determinants; the detection of 
the hla, hld and hlg2 genes, which encode for the production of hemolysins in all isolates, stands out. 

Figure 7. PCR product for lukS-PV/lukF-PV gene (433 pb) in S. aureus: lane 1 ladder, lane 2 positive control 
S. aureus ATCC 25923, lane 3 negative control S. pyogenes ATCC 12344, lane 4-17 strains negative for nasal 
secretion, lane 19-20 strains negative for nail bed.
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On the other hand, half of the isolates presented the tst gene. No genes for PVL production (lukS/
lukF-PV) were obtained.

Similar results for hemolysin gene production were reported by Xie et al. (Xie et al., 2018), 
who studied the production of exotoxins in strains from the clinical laboratory staff of a hospital 
and reported the detection of hla, hld and hlg genes in 98% or more of the isolates. However, they 
differed about the tst gene, found in only 23%, and the presence of lukS/lukF-PV genes, found in 
15% of S. aureus.

Data from a study by Lozano et al. (Lozano et al., 2014), which evaluated the presence of 
exoenzymes in S. aureus obtained from asymptomatic carriers, are consistent with this research’s 
results concerning the production of hla, hld and hlb genes and the absence of lukS/lukF-PV genes. 
However, they differ in the presence of the tst gene in 28% of the strains and a lower proportion of 
the hlg2 gene (50%). 

The findings of this study are not in agreement with those reported by Schaumburg et al. 
(Schaumburg et al., 2011), who analyzed S. aureus strains obtained from asymptomatic carriers and 
found a low frequency of tst (10%) and a high percentage of lukS/lukF-PV genes (40.5%).

The results published by Conceição et al. (Conceição et al., 2014) in isolates obtained from 
patients and health personnel carriers are in agreement with this investigation regarding the high 
number of strains carrying hemolysin genes. However, they reported the presence of PVL genes in 
36% of the isolates. This was not the case in this study, where no PVL genes were detected.

S. aureus strains isolated by Li et al.(Li et al., 2019) in China from clinical samples of 
patients with various infectious pathologies were analyzed for various virulence determinants. As 
in the present study, most isolates carried genes expressing some type of hemolysin. However, they 
differed regarding PVL gene production since the strains carried lukS/lukF-PV genes (48%), which 
were not found in this investigation. 

In agreement with this study, Sedaghat et al.(Sedaghat et al., 2018) detected the hla gene in 
almost all S. aureus strains from healthcare personnel and patients in an Iranian hospital. In contrast, 
they reported the genes for PVL in 22% of isolates and a lower frequency for tst (17%).

All S. aureus isolates obtained in this study had three or more genes for hemolysin production; 
similarly, other investigators report the presence of at least one hemolysin gene in isolates of clinical 
and carrier origin. The constant production of these exotoxins may be related to the chromosomal 
location of the genes for their expression.

An essential finding of this research is detecting of the tst gene in half of the S. aureus 
strains. The product of this gene, TSST-1, is a potent exotoxin belonging to the superantigen 
family that activates T lymphocytes, resulting in a systemic inflammatory response due to cytokine 
overproduction and toxic shock. Although the tst gene is located on a pathogenicity island, a 
bacteriophage can transfer it between isolates(Gillet et al., 2019).

The chromosomal and extrachromosomal localization of virulence genes, and the constant 
exchange of genetic material between strains of S. aureus and even between different species of 
Gram-positive bacteria have contributed to this microorganism’s genetic evolution with a wide 
variety of virulence markers that enhance its pathogenicity. 

On the other hand, the expression of virulence genes in S. aureus is regulated by a quorum-
sensing mechanism that controls the processes of colonization and survival of the microorganism 
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in the host cells. Thus, in the initial growth phase, the bacterium mainly produces adhesion 
factors, whereas genes for the production of exoenzymes are mainly expressed in the exponential 
development phase(Garza-Velasco et al., 2013).

The presence of virulence genes in S. aureus strains does not necessarily imply their 
expression, as genes may not be expressed due to mutations in the coding or regulatory region. 
However, nasal colonization by S. aureus carrying exotoxin genes in hospital workers and healthcare 
students represents a potential risk for the emergence of highly pathogenic S. aureus strains adapted 
to the hospital environment and capable of spreading these virulence markers, with the consequent 
production of severe and difficult-to-treat infections in hospitalized patients. In addition, continuous 
exposure makes carriers a vehicle for the cross-transmission of toxigenic pathogens between the 
hospital and the community (Danelli et al., 2020).

Risk factors such as age, sex, cohabitation with healthcare personnel, occupation, geographic 
location, smoking habit, antibiotic use, underlying diseases, hospitalization, nasal cleaning habits, 
contact with pets, working hours, hospital service where the patient works, ethnicity, among others, 
have been associated with nasal colonization by S. aureus in asymptomatic carriers.

In this study, nine descriptive characteristics of the participants (age, sex, occupation, 
working day, working hours, service works, allergic, pet ownership, and antimicrobial use) and 
their potential risk for nasal carriage of S. aureus were analyzed.

The applied bivariate logistic regression analysis results indicate a dependency relationship 
between nursing and medical professions and nasal carriage of S. aureus. In other words, nursing 
and medical professionals have a higher risk of being nasal carriers of S. aureus than the other 
professionals considered.

The Odd Ratio (OR) was used to measure the strength of the relationship between the 
variables. The calculated OR value indicates that physicians have a three times higher risk of being 
nasal carriers of S. aureus than the rest of the professionals.

Several authors have evaluated the association between population characteristics and nasal 
carriage of S. aureus in healthcare personnel. Statistically significant associations have been reported 
for the variables male sex (Halablab et al., 2010; Sedaghat et al., 2018), occupation (Danelli et al., 
2020; Laceb et al., 2022; Walana et al., 2020), age (Halablab et al., 2010; Yan et al., 2015), ethnicity 
(Yan et al., 2015), geographic región (Yan et al., 2015), diabetes mellitus (Sedaghat et al., 2018), 
health worker relative (Halablab et al., 2010; Sedaghat et al., 2018; Walana et al., 2020), asthma 
(Halablab et al., 2010), antibiotic use (Halablab et al., 2010). 

Among the health personnel studied, nasal carriage of S. aureus is independent of the other 
variables considered in this study; therefore, the carrier status of this bacterium is not associated with 
sex, age, working hours, years of service, service in which work, pet ownership, and antimicrobial 
use.

CONCLUSIONS

This investigation described the presence of S. aureus in health personnel carriers in a 
Cuenca-Ecuador hospital. The results indicate a higher frequency of carriers in the nasal cavities 
compared to the nail bed, where the recovery of this microorganism was much lower.
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The presence of genes for the expression of virulence factors in the S. aureus isolates 
obtained in this study demonstrates the importance of evaluating the virulence potential of strains 
circulating among carriers of healthcare personnel in hospital facilities since it may reflect the direct 
and constant exposure to intrahospital pathogens and their toxins.

The medical and nursing professions were the risk factors for which a statistically significant 
association with nasal carriage of S. aureus was found. Although it is true that carrier status per se 
does not necessarily imply suffering from an infectious process, this condition facilitates colonization 
and transmission of staphylococcal infections among hospitalized patients in direct contact with 
healthcare personnel, especially those with poorly competent immune systems as a result of invasive 
processes or chronic diseases.

The isolation of S. aureus strains carrying the tst gene for the expression of TSST-1 and genes 
for the production of hemolysins (hla, hlb, hld, hlg and hlg2), cytolytic exotoxins for blood and 
endothelial cells, is an important finding that merits the implementation of control measures aimed 
at preventing the spread of these strains among healthcare personnel and patients.
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