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Nasal Methicillin-resistant Staphylococcus aureus Carriage and
Related Risk Factors in a University Student Population

Universite Ogrenci Popiilasyonunda Burunda Metisilin-direncli Staphylococcus aureus
Tastyicth@ ve lliskili Risk Faktorleri
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Abstract

Introduction: Here, we aimed to analyze the risk factors of nasal methicillin-resistant Staphylococcus aureus (MRSA) carriage in a sample pool
comprising university students and characterize MRSA isolates' antibiotic resistance profiles.

Materials and Methods: A questionnaire was distributed to each participant and used as a data collection tool for obtaining demographic- and
risk factor-related information. Each participant was also screened for S. aureus and MRSA nasal carriage. Associations between MRSA carriage and
risk factors were evaluated with biostatistical methods. Bacterial isolates were isolated and identified with standard microbiological techniques.
The antibiotic resistance phenotypes of the isolates were analyzed using the disk diffusion method in accordance with the European Committee on
Antimicrobial Susceptibility Testing guidelines.

Results: The nasal MRSA carriage rate detected in our population was 11.3%. Having a skin infection in the past year (p=0.039) and working in a
healthcare system during the previous year (p=0.018) were found to be significant risk factors associated with the nasal MRSA carriage of students.
The antibiotic susceptibility test on MRSA isolates demonstrated high resistance rates to rifampicin, erythromycin, and kanamycin.

Conclusion: The high rate (11.3%) of nasal MRSA carriage among university students is concerning. Thus, activities that aim to enhance knowledge
and awareness among university students and administrators should be implemented to prevent possible transmission and outbreak scenarios.
Keywords: MRSA, nasal carriage, risk factor, resistance

Giris: Burada, tiniversite 6grencilerinden olusan bir 6rnek havuzunda metisilin-direncli Staphylococcus aureus (MRSA) tastyiciligi icin risk faktorleri
analiz edilmesi ve MRSA izolatlarinin antibiyotik direng profillerinin karakterizasyonu amaclanmstir.

Gerec ve Yontem: Risk faktorleri ve demografik bilgilerin elde edilmesi icin tiim katimcilara bir veri toplama araci olarak anket dagrtilmistir.
Ayrica, her katimei burunda S. aureus ve MRSA tastyiciligr icin taranmistir. MRSA tasiyiciligr ve risk faktorleri arasindaki iliskiler biyoistatistiksel
yéntemlerle degerlendirilmistir. Bakteriyel izolatlarin izolasyonunda ve tanimlanmasinda standart mikrobiyolojik teknikler kullanilmistir. izolatlarin
antibiyotik direng fenotipleri disk diflizyon metodu ile European Committee on Antimicrobial Susceptibility Testing kriterlerine gore analiz edilmistir.
Bulgular: Popiilasyonumuzda burunda MRSA tasiyicih§r orani %11,3 olarak belirlendi. "Gecen yilda bir deri enfeksiyonu gegirmis olmak” (p=0,039)
ve "gecmis yil icerisinde bir saglik sisteminde ¢alismis olmak” (p=0,018) 6grencilerde burunda MRSA tasiyicihig ile iliskili anlamli risk faktorleri olarak
bulundu. MRSA izolatlarinin antibiyotik duyarhlik testi rifampisin, eritromisin ve kanamisin icin yliksek direnc oranlari ile sonucland.

Sonug: Universite 6grencilerindeki yiiksek burunda MRSA tastyicihigi orani (%11,3) endise vericidir. Dolayisi ile, muhtemel yayilma ve salgin
senaryolarinin 6nlenmesi icin tiniversite 6grencilerinde ve yoneticilerinde bilgi ve farkindaligr artiricr aktiviteler dnerilmektedir.
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Introduction

The prevalence of methicillin-resistant Staphylococcus aureus
(MRSA) infections is variable among different populations.
For vulnerable populations such as patients in intensive care
units, MRSA carriage is the most significant predictor of such
infections and characteristically more common within hospitals
or intensive care units because of increased transmission, high
antibiotic usage, and large numbers of vulnerable patients!'?.
For this reason, nasal MRSA carriage is screened continuously
in hospital settings, especially in developed countries, to
minimize the chance of any possible MRSA infection. However,
MRSA spreads throughout a community, and people without
any previous hospitalization history can also develop this
infection®4. As such, MRSA carriage in various populations with
different characteristics should be investigated to increase our
understanding of MRSA transmission.

The risk factors of MRSA carriage vary among different
populations. MRSA carriage is influenced by not only host-
related factors, such as age, sex, income, and knowledge, but
also pathogen-related factors, such as virulence factors, and
antibiotic resistance. The effect of risk factors on MRSA carriage
can be studied in different populations. For example, university
students represent an interesting sample for several reasons.
For instance, they represent a group who frequently uses self-
medication; they mostly live in dormitories in a more social
environment, which involves more person to-person contact;
and they often share equipment such as sports equipment.
MRSA carriage among university students is also common with
a rate of 7.4%"!,

We still have a limited understanding about antimicrobial
resistance in bacteria responsible for a wide range of infections
affecting humans residing in Northern Cyprus, a self-governing
country located in the northern part of the Cyprus island,
which harbors many universities as an international hub for
international students. In this study, we aimed to investigate
the rate of nasal MRSA carriage among students, its possible
association with the risk factors, and the antibiotic susceptibility
patterns of MRSA isolates.

Materials and Methods

Study Design and Population

A descriptive study was designed to represent a population
size of 20,000 students. A sample size of 500 students was
calculated (confidence level=95%, anticipated frequency=500%).
Ethical permission to conduct this study was obtained from the
university's ethical board (decision number: 2017/40-58), and
the study was performed in accordance with the approved
guidelines of the Declaration of Helsinki. All participants

were recruited voluntarily by conducting nonrandomized
convenience sampling and allowed to participate after they
signed an informed consent agreement form. Samples were
collected between February and May 2018.

Data Collection and Bacterial Isolates

A questionnaire and bacterial cultures were used for data
collection. The standardized questionnaire was taken from a
previously published study®™ to assess the risk factors of MRSA
carriage. After the necessary permissions were obtained from
the authors, the questionnaire was administered to collect
the self-reported risk factors that included demographic
information, previous infection history, hospital contact,
drug/antibiotic use, and living conditions. Nasal swabbing
was conducted to collect bacterial samples. In this procedure,
sterile swabs moistened with sterile saline water were used
to sample both nostrils. The samples were transferred to
mannitol salt agar (MSA; BD Diagnostic Systems, Sparks,
MD, USA) for S. aureus isolation and then to 4% cefoxitin-
supplemented MSA (C-MSA) plates for MRSA isolation. They
were subsequently incubated at 37+1 °C for 48 h to isolate
MRSA. C-MSA screening method was used to identify MRSAP,
Methicillin-resistance was confirmed with an oxacillin (1 pg)
disk diffusion test?.. The agars were then screened to determine
yellow colonies on C-MSA, and the selected yellow colonies
resembling MRSA were transferred to the C-MSA plates for
another 24 h of incubation. The isolates that showed standard
microbiological features such as complete hemolysis on blood
agar, Gram staining, catalase test, slide and tube coagulase
tests, and DNase test, and yellowish growth on C-MSA were
confirmed to be MRSA.

Antibiotic Susceptibility Testing

The antibiotic susceptibility of the collected isolates was
analyzed by using the Kirby-Bauer disk diffusion method as
recommended by The European Committee on Antimicrobial
Susceptibility Testing (EUCAST) guidelines®. The antibiotics
(Oxoid) tested in our study were penicillin (10 U), amoxicillin-
clavulanic acid (30 pg), erythromycin (15 pg), vancomycin (30
ug), tetracycline (30 pg), cefuroxime (30 pg), gentamycin (10
ug), rifampicin (5 pg), and clindamycin (2 pg).

The colonies that were grown on C-MSA overnight were added
to a sterile physiological saline solution until turbidity reached
0.5 McFarland turbidity standards. Afterwards, the bacteria
were inoculated by using a sterile swab into Mueller-Hinton
agar (Merck, Germany) and left to dry at room temperature.
The selected antibiotic disks were applied, and the plates were
incubated at 35+2 °C overnight. The zone of inhibition of each
antibiotic was measured and interpreted in accordance with the
EUCAST guidelinest®.
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Data Analysis

Data management was performed using Microsoft Excel
2010 software. Statistical analyses were carried out with IBM
SPSS version 21 (SPSS Inc., Chicago, IL, USA). The associations
between nasal MRSA carriage and risk factors were examined
through chi-square analysis. Each variable on the questionnaire
was assumed to be an independent variable, and the MRSA
carriage outcome was set as the dependent variable. P values
obtained via a chi-square (x?) test were calculated, and an
alpha level of 0.05 was considered to determine the statistical
significance of the associations. A file split was performed, and
only MRSA-positive questionnaires were re-examined via chi-
square analysis.

A total of 497 students, with a response rate of 99.4%,
volunteered to participate in this research. The participants'
ages ranged from 17 years to 41 years with a mean age of 20.75
years (standard deviation=2.26).

The screening of the obtained bacterial samples indicated that
154 and 56 of 497 participants were positive for S. aureus (31%)
and MRSA (11.3%) nasal carriage, respectively. Among the
participants who were screened positive, the mean age was 20.6
years (standard deviation=1.8), and the male-to-female ratio
was 1.67, with percentages of 63% to 379%, respectively. Gender
and MRSA carriage were not significantly related (p=0.270).

Chi-square analysis showed that "having skin infection, boil, or
sore in the past year" (x?=6.588, p=0.037) and "working in a
healthcare facility in the past year" (x’=8.117, p=0.017) were
the significant factors related to nasal MRSA carriage. The

distribution of "yes" answers given to questions regarding the
risk factors of MRSA carriers and noncarriers is given in Table
1. A file split was performed to investigate the significant
associations between the risk factors among the MRSA-positive
population, and "yes" answers were analyzed via a chi-square
test (Table 2). Among the individuals who were detected to
be MRSA (+) and had recently a skin infection, 67% of the
participants were among those who did not have any knowledge
about methicillin-resistance or antibiotic resistance. Conversely,
95% of the MRSA (+) patients that did not have a recent skin
infection had no knowledge about MRSA. Furthermore, 70% of
the MRSA (+) participants responding to the question about
using antibiotics were hospitalized in the last 12 months. The
rate of MRSA (+) participants who responded with yes to the
question about their recent skin infection and was hospitalized
in the past 12 months was 58%. Then, 100% of the MRSA (+)
population in the setting of having knowledge about MRSA
used antibiotics, and 100% of the MRSA (+) participants were
living longer than 6 months in a dormitory. A rate of 70% of
the MRSA (+) participants having knowledge about MRSA
participated in athletics.

The antibiotic susceptibility results of S. aureus isolates, MRSA
isolates, and methicillin-sensitive S. aureus (MSSA) isolates
are given in Table 3. Among all S. aureus isolates, 82%, 40%,
369%, 36%, 27%, 18% and 18% were resistant to penicillin,
tetracycline,cefoxitin, amoxicillin + clavulanic acid, kanamycin,
erythromycin, and rifampisin, respectively. The isolates were
not resistant to gentamicin, vancomycin, clindamycin, and
trimethoprim/sulfamethoxazole. All the MRSA isolates were
resistant to penicillin, tetracycline, cefoxitin, and amoxicillin +
clavulanic acid. Among 56 MRSA isolates, 42 showed resistance

Table 1. Distribution of "Yes" answers given to questions regarding risk factors by methicillin-resistant Staphylococcus aureus

carriers and noncarriers

Risk factors MRSA + MRSA - Significance
Infections Having a skin infection, boil, or sore in the past 12 months 12 (21.4%) 13 (24%) p=0.039*
Being told by a doctor about having a skin infection called MRSA or | 0 (0%) 1 (2.3%) p=0.66
antibiotic-resistant Staphylococcus in the past 12 months
Hearing about MRSA or antibiotic-resistant Staphylococcus 8 (14.3%) 9 (15.3%) p=0.35
Healthcare Being a patient in a hospital in the past 12 months 30 (53.6%) 24 (42.4%) p=0.353
services Having a surgery in the past 12 months 4 (7.1%) 5 (8.9%) p=0.793
Working in a healthcare facility in the past 12 months 4 (7.1%) 5 (9.3%) p=0.018*
Using intravenous drugs in the past 12 months 11 (19.6%) 13 (23.9%) p=0.753
Taking any antibiotics in the past 12 months 33 (58.9%) 38 (67%) p=0.207
Living Currently living in a dorm 39 (69.9%) 39 (68.9%) p=0.934
conditions Living in a dorm in the past 12 months 36 (64.3%) 36 (63.9%) p=0.948
Being in jail in the past 12 months 2 (3.6%) 1 (1.8%) p=0.605
Participating in athletics in the past 12 months 34 (60.7%) 31 (55.5%) p=0.713

*Significant association

MRSA: Methicillin-resistant Staphylococcus aureus
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Table 2. Significant associations between different risk factors among the methicillin-resistant Staphylococcus aureus carrier

group
Associations between riskfactors in the MRSA (+) population (n=56) Significance**
Having a skin infection, boil, or sore in the past 12 months (n=12/56)* versus hearing about MRSA or antibiotic-resistant p=0.008
Staphylococcus (n=4/12)*
Being a patient in a hospital in the past 12 months (n=30/56)* versus taking any antibiotics in the past 12 months p=0.019
(n=22/30)*
Taking any antibiotics in the past 12 months (n=33/56)* versus hearing about MRSA or antibiotic-resistant Staphylococcus | p=0.039
(n=8/33)*
Hearing about MRSA or antibiotic-resistant Staphylococcus (n=34/56)* versus participating in athletics in the past 12 p=0.012
months (n=2/34)*
*Frequency of participants having the mentioned risk factor within MRSA carriers.
“Frequency of participants having the mentioned risk factor within the compared risk factor.
**P values from the chi-square test that shows significant associations between relevant risk factors.
MRSA: Methicillin-resistant Staphylococcus aureus
Table 3. Antibiotic susceptibility results of study isolates
Antibiotics tested Totala MRSA®b MSSAc

S R | R% S R | R% S R | R%
Penicillin 23 126 5 82 0 56 |0 100 23 70 |5 71
Tetracycline 86 62 6 40 0 56 |0 100 86 6 6 6
Cefoxitin 98 56 0 36 0 56 |0 100 98 0 0 0
Amoxicillin + clavulanic acid 98 56 0 36 0 56 |0 100 98 0 0 0
Kanamycin 98 42 14 27 0 42 (14 |75 98 0 0 0
Erythromycin 126 28 0 18 28 (28 |0 50 98 0 0 0
Rifampicin 126 28 18 28 |28 50 98 0 0 0
Gentamicin 140 0 14 0 42 |0 14 10 98 0 0 0
Vancomycin 154 0 0 0 56 |0 0 0 98 0 0 0
Clindamycin 140 0 14 0 42 |0 14 |0 98 0 0 0
Trimethoprim/sulfamethoxazole 154 0 0 0 56 |0 0 0 98 0 0 0

aAll the isolated Staphylococcus aureus samples, bindividual MRSA samples, cindividual MSSA samples.

S: Susceptible, R: Resistant, I: Intermediately resistant, MRSA: Methicillin-resistant Staphylococcus aureus, MSSA: Methicillin-sensitive S. aureus

to kanamycin. Half of the isolates were resistant to erythromycin
and rifampisin.

Many significant risk factors associated with nasal MRSA
carriage are recognized. However, risk factors may vary between
different populations with unique characteristics. In this cross-
sectional study, the nasal carriage rates of MRSA in a sample
pool comprising university students were evaluated, and the
risk factors associated with this population were analyzed. The
bacterial isolates were analyzed for antibiotic susceptibility
patterns. As a result, the nasal MRSA carriage rate was 11.3%
in our population.

Country-specific variations, hospital contact, exposure to
risk factors, and differences in population structures are the
most influential factors determining the MRSA carriage rates.

Geographically, nasal MRSA carriage rates tend to be lower in
developed countries, such as those in the Scandinavian region,
and higher in less-developed countries, especially in some parts
in Asia and America®. In Turkey, community-associated MRSA
rates are reported to be within 21%-259%U. Interestingly,
specific populations such as prisoners, homeless people, sports
teams, and nurses have different nasal MRSA carriage rates!"-'*,
In our population of university students, which belongs to
different nationalities, the nasal S. aureus carriage rate was
30.9%, and the MRSA carriage rate was 11.3%. S. aureus nasal
carriage rates remarkably vary among different populations;
however, our rates are comparable with other reports with
similar study samples!'®'®, Studies focusing on university
students have reported MRSA prevalence in a range between
1.5% and 13%!"®?2. Most studies have investigated medical
students, which are characteristically a narrower population
with low MRSA carriage rates!'®'. In our sample pool, the
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MRSA carriage rate is much lower in contrast to rates reported
for general community as students represent a younger and
healthier population. This study demonstrated that the MRSA
carriage rates were higher than those of studies that focused
on medical students but similar to the rates provided in studies
with a mixed student population profile. This result could be
related to poor medical knowledge when the sample pool was
widened to cover nonmedical students.

The following risk factors regarding nasal MRSA carriage are well
defined: typically being healthcare associated, being admitted
to a hospital, being an intravenous drug user, and being a man
having sex with menl'®2], In the present study, we used a data
collection tool specifically designed to investigate the risk
factors that could be associated with students' life. Our results
suggested that only "having a skin infection in the past” and
"working in a healthcare system during the previous year" as
significant risk factors of nasal MRSA carriage among students.
Having a skin infection has been reported as a significant
risk factor for various populations including healthy people
previously®. Conversely, the significant relationship between
the MRSA carriage and risk factor of "working in a healthcare
system in the previous year" might rise a question about the
MRSA-related infection risk of students having additional work
in healthcare facilities. However, this study did not confirm
a variety of other previously identified risk factors of nasal
MRSA carriage possibly because most of the commonly known
risk factors were identified in clinical populations and medical
students but not in a healthy and general university population.
Likewise, studies focusing on a general university population
showed no significant associations with MRSA carriage and
commonly known risk factors such as gender, recent antibiotic
use, or prior infections!>24,

The antibiotic susceptibility results of MRSA isolates from the
present study demonstrated high resistance rates to antibiotics
that are thought to be a therapeutic option for treating
MRSA infections.The tested antibiotics and the resistance
rates of MRSA isolates were penicillin (100%), tetracycline
(100%), cefoxitin (100%), amoxicillin + clavulanic acid (100%),
kanamycin (75%), erythromycin (50%), and rifampicin (50%). No
isolates were resistant to gentamicin, vancomycin, clindamycin,
and trimethoprim/sulfamethoxazole. Previous studies with
similar sample populations reported increased resistance rates
of MRSA isolates to erythromycin, tetracycline2>2¢, However,
resistance to rifampicin and kanamycin is observed in clinical
MRSA isolates mostly isolated from hospitalized patients?72%),
The reason may be the excessive use of such antibiotics in
our sample population because they are still easily accessible
in our country. Other last-resort antibiotic groups, including
clindamycin, trimethoprim/sulfamethoxazole, vancomycin, and
gentamycin,which should be saved for severe cases, were found

to be effective against MRSA isolates. These results highlighted
the need to formulate more strategies for the rational use of
antibiotics.

Several limitations should be noted about the current work.
() Sampling was not randomized, and our study design
was unable to allow the decolonization of MRSA carriers,
distinguish between the persistent and temporary colonization
of nasal carriage, and evaluate differences between medical and
nonmedical students. (i) Students constituting the sample pool
might have been lacking knowledge to accurately complete
the questionnaire. (iii) The lack of molecular identification
methodologies could have led to inaccuracies in the species-
level definition of isolates.

This study showed that being a university student may be
associated with nasal MRSA colonization, and "having a skin
infection in the past” and "working in a healthcare system during
the previous year" are significant risk factors associated with the
nasal MRSA carriage among university students. Susceptibility
profiles demonstrate that MRSA isolates among this population
remain susceptible to common first-choice antibiotics for MRSA
with remarkable resistance rates to kanamycin, erythromycin,
and rifampicin.

University administrators should be aware of the potential
transmission risks and outbreak scenarios that can develop
within a student's life. Thus, activities that aim to enhance
knowledge and awareness among this population should be
suggested.
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