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ABSTRACT

Objective: The aim of this study was to detect the frequency of methicillin-resistant Staphylococcus
aureus (MRSA) colonization at admission in a group of presumably high-risk international or Turkish
patients referred to our center for elective operations, some of whom were from countries with an
unknown prevalence of MRSA infection or colonization.
Methods: The results of nasal swab screening for MRSA colonization performed using a specific algo-
rithm between 2011 and 2018 in a private medical center were retrospectively reviewed. Presence of
MRSA was ascertained using culture and/or real-time polymerase chain reaction (real-time PCR).
Results: A total of 3,795 patients were included in the study. More than half of the patients were ≤19
years of age (2,094, 55.2%), and MRSA positivity was more common among these patients. Turkish
patients constituted 24.5% of the study population. International patients were most frequently referred
from Iraq (55.92%), Libya (11.44%), Romania (2.69%), and Bulgaria (1.98%). MRSA positivity was
significantly more common among patients referred from other countries when compared to Turkish
nationals (11.5% vs. 4.4%, P 5 0.00001). Countries with the highest prevalence rates of MRSA colo-
nization were as follows with decreasing order: United Arab Emirates, 25.0%; Georgia, 23.1%; Russia,
22.7%; Iraq, 13.0%, Romania, 12.7%. Other countries with high number of admitted patients (>70
patients) had the following MRSA rates: Turkey, 4.4%; Libya, 6.0%; Bulgaria, 5.3%.
Conclusions: Although MRSA has a low prevalence in our center, a variation in the rate of MRSA
positivity was observed across patients from different countries. Absence hospital acquired contami-
nation or outbreaks in our institution may be attributed to the screening algorithm used and un-
derscores the importance of risk analysis for patients referred from geographical locations with
unknown MRSA frequency, to reduce the risk of transmission.
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INTRODUCTION

Traditionally, staphylococci have been a major culprit in nosocomial infections. Although a
major therapeutic breakthrough had been accomplished in the year 1960, first by the
introduction of methicillin, and then by other penicillinase-resistant penicillins into clinical
practice, it did not take too long before methicillin resistance among staphylococci was
defined [1]. Toward the end of 1970s methicillin-resistant Staphylococcus aureus (MRSA)
had already acquired resistance to many of the commonly used antibiotics. Since then, MRSA
has eventually become a major global healthcare problem, not only due to challenges asso-
ciated with the treatment of multidrug resistant strains, but also due to their potential to
cause epidemic nosocomial infections. Following the description of the first MRSA epidemic
in 1963, an increasing number of epidemic MRSA infections have been reported, and this
microorganism has become endemic in many hospitals [2–4].
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A recent increase up to 40% has been witnessed in the overall
prevalence of methicillin resistance (i.e., among invasive in-
fections and asymptomatic colonization patients) in the entire
European continent, except for Northern Europe, where the
incidence of methicillin resistance has remained low, i.e., below
1% [5–7]. Regarding MRSA rates solely among patients with
asymptomatic colonization as screened upon hospital admission
for other reasons, several studies from Europe reported rates
ranging between 1.2 and 11.6% [8–12]. Similarly, the incidence of
MRSAcarriage rates shows considerable variationamonghealthy
hospital staff members [13]. In a collaborative study encom-
passing severalEuropeancountries, the reported infection ratesof
MRSAvaried between 8.7%and 20.4%among intensive care unit
patients [14], suggesting that medical tourism may represent a
potential cause of MRSA outbreaks, especially when it involves
patient movements from high to low prevalence areas. In recent
years, there has been a dramatic and continuous increase in the
number of international patients visiting Turkey for medical
treatments, particularly after 2010, from countries such as Iraq,
Libya, Russia, and other European countries (Germany, Holland,
Romania, Bulgaria, etc.,) [15]. Furthermore, in the past decade,
Turkey has been accepting significant number of immigrants or
has served as a migration path for very large number of pop-
ulations. Compared to other private medical facilities in Turkey,
our center has been among the most frequently preferred desti-
nation for international patients, and as a result of our facilities
unique position, a decision was made to determine the MRSA
colonization rate and incidence in this complex and complicated
(i.e., potentially high-risk) patient cohort, a proportion of whom
come from regions with unknown colonization rates.

The significance of determining the antibacterial suscepti-
bility patterns for therapeutic decisions has been well estab-
lished. Currently, microbiological cultures and phenotypic
sensitivity tests represent the standard techniques used in many
laboratories. However, since the turnaround time of pheno-
typic tests are at least 24–48 h, significant efforts have been
devoted on developing susceptibility tests with faster turn-
around times (e.g., immunological or molecular techniques) in
the past two decades [16]. Obviously, earlier detection of
resistant bacterial strains can have a major impact on the re-
covery process, patient survival and healthcare costs [17].

This study was undertaken to detect methicillin-resistant
Staphylococcus aureus (MRSA) colonization at admission in a
group of presumably high-risk Turkish or international pa-
tients referred to our center for elective operations, some of
whom were from countries with an unknown prevalence of
MRSA infection or colonization. For this purpose, a specific
screening algorithm consisting of identification and contact
isolation measures was used with the purpose of preventing
nosocomial cross-transmission and spread of microorganisms.
Figure 1. Institutional screening algorithm for MRSA
MATERIALS AND METHODS

Patients and study design

Results of screening tests for nasal MRSA colonization per-
formed at admission in a cohort of patients in our hospital
between 2011 and 2018 were retrospectively analyzed. During
this period, a screening algorithm for MRSA was actively
implemented to minimize the risk of endemic and epidemic
nosocomial infection risk amongst patients and employees in
our institution. Contact isolation procedures were used for
patients diagnosed with MRSA colonization according to
Centers forDiseaseControl andPrevention-Hospital Infections
Control Practices Advisory Committee (CDC-HICPAC) rec-
ommendations [18]. The approval of the local institutional re-
view board was obtained before the study (ASM-EK-17/69).

MRSA screening algorithm

Screening for MRSA was initiated if at least one of the
following was present in patient’s history: previous MRSA
colonization or infection with in the past year, open wounds,
referral from another health facility, current use of chemo-
therapy (inpatients or at their first admission), hospitalization
within the past 6 months, or presence of central venous
catheters (any kind of implantable venous access port, a
peripherally inserted central catheter (PICC line), or tunneled
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central venous catheters). As shown in Fig. 1, these risk fac-
tors are routinely assessed in our institution by the nursing
staff upon admission in each patient. Patients were screened
using culture (n 5 714) or culture plus real-time PCR
(LightCycler MRSA Advanced test) (n 5 3,081), depending
on availability and cost-efficiency issues. The infection control
nurse and the clinical microbiologist are actively involved in
conducting the screening procedure, including sampling and
conduction of contact isolation round the clock.

Culture techniques

Chromogenic BBL CHROMagar MRSA II (CMRSA) plates
were obtained from BD Diagnostics (Sparks, MD). Each
chromogenic plate was handled according to the manufac-
turer’s package insert instructions. Interpretation of colony
size and color on the chromogenic media were confirmed by
the microbiology staff members as described by the manu-
facturer’s instructions. Mauve colonies of any size
morphologically resembling staphylococci were described as
MRSA. Uncolored or white colonies were not further
investigated for MRSA. All mediums were also stored in the
dark before inoculation and during incubation. Quality
control testing was performed on each new lot for the plates
using a standardized inoculum of S. aureus ATCC 25923.

PCR techniques

LightCycler MRSA Advanced Test, the Food and Drug
Administration (FDA)-cleared MRSA detection method,
which relies on real-time PCR principle (ROCHE, Minne-
sota, USA) was used. Following the mechanical disintegra-
tion of the bacterial wall and purification of DNA, target
DNA is amplified using the Light Cycler 2.0 Instrument
(Roche Diagnostics, Minnesota, USA), and finally hybrid-
ized with a specific probe. In this method, detection of the
right junction of the orfX region with SCCmec was aimed.
The results were obtained in approximately 1 h. Positive and
negative controls were included in each run. The PCR results
for the LightCycler MRSA advanced test were interpreted
using the LightCycler software. The test was repeated with
new samples when specimens yielded invalid results.

Patients positive with either of the methods (culture and/
or real-time PCR) were considered MRSA positive.

Statistical analysis

Data were analyzed using the IBM Statistical Package for
Social Sciences v21 (SPSS Inc., Chicago, IL, USA). Normality
of continuous data was tested with Kolmogorov–Smirnov
test. Mann–Whiney U-test was used to compare continuous
data. The distribution of categorical variables was compared
Table 1. The impact of age, and gender of

Negative (n 5 3,425

Age (y) median (IQR) 15.00 (47.70)
Female/Male 1371/2054
using Pearson chi-square test and Bonferroni correction was
made for pairwise comparisons. A P value less than 0.05 was
considered indication of statistical significance.

RESULTS

A total of 3,795 patients (2,266 males, 1,529 females) with a
median age of 13.5 years (range 0–97.2 y) were included in
the study. Patients were hospitalized in the following de-
partments: cardiovascular surgery (61%), orthopedic surgery
(12%), medical oncology (16.7%), hemato-oncology (9%),
and pediatric surgery (1.3%).

Table 1 shows age and gender distribution of patients by
MRSA positivity. MRSA positive and negative cases did not
differ in terms of age (P 5 0.254) and gender (P 5 0.319)
distribution. Table 2 shows distribution of MRSA rates
across age groups as well as age distribution of the whole
study group. Pediatric patients constituted more than half of
the subjects. MRSA positivity was significantly more com-
mon among 1–9 year and 10–19-year age groups compared
to others (P < 0.01 for both comparisons).

Turkish patients and patients referred from 22 countries
were included in this study. Table 3 shows distribution of
MRSA positivity rates across patients from different coun-
tries. Turkish nationals constitute 24.5% of the cases. Pa-
tients were most frequently referred from Iraq (55.92%),
Libya (11.44%), Romania (2.69%), and Bulgaria (1.98%).
Countries with the highest prevalence rates of MRSA colo-
nization were as follows with decreasing order: United Arab
Emirates, 25.0%; Georgia, 23.1%; Russia, 22.7%; Iraq, 13.0%,
Romania, 12.7%. Other countries with high number of
admitted patients (>70 patients) had the following MRSA
rates: Turkey, 4.4%; Libya, 6.0%; Bulgaria, 5.3%.

Table 4 shows distribution of MRSA cases by region.
MRSA positivity was significantly more common among
patients referred from other countries when compared to
Turkish nationals (11.5% vs. 4.4%, P 5 0.00001). Patients
from Middle East (P 5 0.00001) and Western countries
(P 5 0.0062) had significantly more frequent MRSA when
compared to Turkish nationals. Patients from Middle East
had also significantly more frequent MRSA when compared
to African patients (P 5 0.00003).
DISCUSSION

This is the first study to examine the frequency of MRSA
colonization in a large patient sample from a private health
facility in Turkey where there is a high turnover of interna-
tional patients as a consequence of medical tourism. In this
the patients on MRSA colonization

MRSA

) Positive (n 5 370) P

10.45 (34.95) 0.254
158/212 0.319



Table 3. Distribution of MRSA positivity rates across patients
from different countries

Total number (n)
MRSA rate
%, (n)a

Iraq 2,122 13.0 (276)
Turkey 929 4.4 (41)
Libya 434 6.0 (26)
Romania 102 12.7 (13)
Bulgaria 75 5.3 (4)
Bahrain 30 3.3 (1)
Russia 22 22.7 (5)
Azerbaijan 18 0 (0)
The Republic of Kazakhstan 12 0 (0)
Georgia 13 23.1 (3)
Algeria 7 0 (0)
The Kyrgyz Republic 5 0 (0)
Iran 4 0 (0)
Ukraine 4 0 (0)
England 3 0 (0)
Turkmenistan 3 0 (0)
Uzbekistan 3 0 (0)
United Arab Emirates 4 25.0 (1)
USA 1 0 (0)
Ethiopia 1 0 (0)
Holland 1 0 (0)
Syria 1 0 (0)
The Republic of Tatarstan 1 0 (0)
Total 3,795 9.7 (370)

a Number of patients colonized with MRSA.

Table 4. Distribution of MRSA positive cases by region

MRSA
negative

(n 5 3,425)

MRSA
positive

(n 5 370)
Positivity

rate

Turkey 888 41 4.4%
Other countries 2,537 329 11.5%
Western
countriesa

165 17 9.3%

Middle Eastb 1,879 278 12.9%
Africac 416 26 5.9%
Asiad 77 8 9.4%

a USA, Holland, England, Bulgaria, Romania.
b Iraq, Syria, United Arab Emirates, Bahrain.
c Libya, Algeria, Ethiopia.
d The Republic of Tatarstan, Turkmenistan, Uzbekistan, Iran,
Ukraine, The Kyrgyz Republic, The Republic of Kazakhstan,
Azerbaijan, Russia, Georgia.

Table 2. Distribution of MRSA rates across age groups

Age group Total number n (%)a MRSA positivity (%)b

<1 y 761 (20.1) 6.8
1–9 y 992 (26.1) 13.0
10–19 341 (9.0) 14.1
20–59 1,158 (30.5) 9.1
≥60 543 (14.3) 6.6
Total 3,795 9.7

a Percent of the age group within all study groups.
b Percent of MRSA positive patients.
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cohort, the rate of nasal MRSA colonization at admission was
low, and no hospital acquired contamination or outbreaks
occurred during the study period. However, MRSA coloni-
zation occurred at a higher frequency, particularly among
those from Middle East countries, as compared to the Turkish
patients. These results suggest that screening programs may
be especially useful in health facilities dealing with a mixed
international patient population.

In current practice, contact isolation precautions are
determined on the basis of nasal swab MRSA screening re-
sults. But this method also may provide clinicians with
additional information for predicting the probability of
MRSA infection and for earlier tailoring of empiric anti-
microbial therapy. MRSA screening offers a rapid, inex-
pensive means for medical centers to avoid unnecessary and
costly therapy.

Despite a decreasing trend in some countries, the inci-
dence of MRSA related infections is still high in many parts
of the world, despite the reported differences between
countries and regions [19, 20]. In a study by Fluit et al.
involving 25 university hospitals across Europe, MRSA was
found to be responsible for nearly 25% of all nosocomial
infections, and the prevalence of MRSA was higher in
southern European countries [21]. The highest prevalence
rates were detected in hospitals in Portugal (54%), and Italy
(43–58%), as opposed to a prevalence rate of only 2% in
Switzerland and Holland. In another multicenter study
carried out in intensive care units, the highest prevalence of
MRSA infections was observed in centers from Italy (81%)
and France (78%) [22]. In a study by Buzaid et al. from
Libya, MRSA was identified in 31% of 200 S. aureus strains
isolated from the wound infections [23].

Relatively few studies examined the MRSA rate among
individuals without invasive infection. A recent study from
Middle East region examined MRSA frequency among
healthcare workers and/or non-healthcare workers. That
study from Iraq found MRSA colonization in 13.7% and 4.0%
of healthcare workers and non-healthcare workers, respec-
tively; with significantly higher rate among healthcare workers
[24]. Several studies examined MRSA rates among patients
without invasive infection upon their admission to hospital
for other reasons. A study from United Kingdom, found
MRSA colonization ranging between 0.8% in obstetrics/gy-
necology/neonatology departments and 6.6% in critical care
units, among patients without invasive staphylococcal infec-
tion [9]. In a multinational large European study, MRSA was
identified in 3.8% of surgical ward patients upon admission
[11]. On the other hand, relatively high MRSA colonization
rates (11.6%) have been reported from palliative care units
[8]. Murray et al. evaluated multidrug-resistant microorgan-
isms in victims of war in Iraq and Afghanistan between 2005
and 2007 and found high colonization rates for methicillin-
resistant Staphylococcus aureus; ESBL-producing Klebsiella
pneumoniae, and Acinetobacter baumanni, which were the
most commonly recovered pathogens at peri-admission
screening cultures [25]. These figures from Middle East and
Europe show considerable variation across different hospital
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settings, and probably across different regions. Similar
regional differences ranging between 0% and up to more than
20% is also evident in our study, suggesting a possible role for
socioeconomical and cultural variations.

In Turkey, two studies reported 1.2% prevalence of MRSA
on hospital admission [26, 27]. Another recent study from
Turkey identified MRSA colonization in 6.2% of intensive
care unit patients on admission [28]. In our study, MRSA
prevalence was 4.4% upon admission in Turkish patients
from Istanbul and Kocaeli province. This relatively high rate
may be attributed to the profile of our Turkish patients, which
are mostly hematology and oncology patients.

Incidence of hospital associated MRSA infection rate differ
significantly geographical regions [29]. MRSA has been
traditionally regarded as an organism that poses extreme
challenges in terms of treatment and eradication as well as
representing a major cause of nosocomial epidemics in hos-
pitals. Carefully conducted surveillance studies are of utmost
importance not only for the early detection of such epidemics,
but also for the identification of the possible source(s) of the
infection and implementation of appropriate control measures
[30]. Collection of MRSA surveillance data by microbiology
laboratories is essential for conduction of antimicrobial stew-
ardship activities as well as for providing guidance for further
investigations whenever epidemics are suspected.

Although MRSA infections are serious, they are also
preventable. Most important risk factors for colonization
and infection with MRSA include age, underlying diseases,
nasal colonization, and indwelling devices such as catheters,
and tracheostomy and nasogastric tubes [31]. It has been
clearly established that the most common route for the
spread of infection is transient contamination of the hands
of healthcare workers [32].

Significantly higher rates of MRSA colonization in our
patients from Middle East and Africa countries may be
related with the poor hygiene both in healthcare facilities
and in daily living conditions during and after the war, a
high turnover of patients undergoing surgery, inappro-
priate use and black market distribution of antibiotics, low
socioeconomic status, and overcrowded housing with
restricted access to clean water. On the other hand, higher
rates of MRSA in patients from Western countries as
compared to Turkish patients may be accounted for by the
exposure to resistant strains during and after the treatment
for complicated oncological conditions in different
healthcare settings. Nevertheless, Turkish patients may not
be directly compared with international patient groups
since they are not matched in terms of age, severity of
disease, history, previous antibiotic treatments, and num-
ber of previous hospitalizations, etc., Not only regional
differences but also clinical characteristics might have led
and contributed to this difference as well.

This study has several limitations. Firstly, our electronic
database did not contain information on clinical characteris-
tics, living conditions, and reasons for including an individual
in screening procedure, precluding any causality analysis.
Furthermore, since only prophylactic treatment with vanco-
mycin was scheduled for patients with preoperative detection
of MRSA colonization, antibiotic susceptibility testing was not
be performed on MRSA strains, and susceptibility testing was
only performed whenever an infection occurred.

The primary methodology used to detect MRSA in
this study, i.e., real-time PCR screening, may offer a
cost-effective option to reduce MRSA infection. Howev-
er, several factors should be considered when choosing
the most appropriate screening method in specific set-
tings and these include the local epidemiology, cost
considerations, and infection control policies. Given the
complexities of selecting an appropriate screening strat-
egy, further research on the cost-effectiveness of MRSA
infection control is required.

In conclusion, our findings demonstrated a variable
MRSA colonization rate among patients from different
countries, geographical regions, and socioeconomic back-
grounds. Of interest were the low colonization rates in
Turkish patients. Thus, it appears that international patients
seeking advanced medical care are more likely to be carriers
of MRSA than Turkish patients in our facility, although this
may be attributed to clinical profile as well as regional dif-
ferences. Health centers involved in the care of international
patient populations may benefit from a stratified risk anal-
ysis for possible MRSA carrier status, as a potential means to
reduce the risk of nosocomial transmission.
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