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The prevalence of methicillin-resistant Staphylococcus
aureus among nursing home residents for the elderly
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ABSTRACT

The objective of our study was to examine the prevalence of methicillin-resistant Staphylococcus aureus (MRSA) among residents
of nursing homes for the elderly of selected institutions in two Slovak regions compared to non-institutionalized volunteers of the
same age, as well as young volunteers (20-24 years old). Nasal swabs from all participants (n = 424) were processed using standard
methods for the isolation and identification of S. aureus and MRSA. Statistically significant differences were found between nursing
home residents and young volunteers (12% vs. 1.5%; OR 8.85; 95% Cl 2.087-37.706; p = 0.0007), as well as between non-institutio-
nalized seniors and young volunteers (11% vs. 1.5%; OR 8; 95% Cl 1.888-33.901; p = 0.005) in the prevalence of MRSA. Our results
suggest that nursing home residency and older age could be a risk factor for the occurrence of high-risk MRSA strains.
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SUHRN
Kaiglova A., Melnikov K., Bardyova Z., Kucharikova S.: Prevalencia meticilin-rezistentného
Staphylococcus aureus medzi obyvatelmi domovov déchodcov na Slovensku

Cielom nasej Studie bolo zistit pritomnost Staphylococcus aureus rezistentného voci meticilinu (MRSA) medzi obyvatelmi vy-
branych domovov socidlnych sluzieb pre seniorov v dvoch krajoch Slovenska. Vysledky boli porovnané s neinstitucionalizovanymi
dobrovolnikmi v rovnakom veku, ako aj s mladymi dobrovolnikmi (20-24 rokov). Vytery z nosovej dutiny od vietkych uc¢astnikov
(n = 424) boli spracované $tandardnymi metédami, ktoré sa bezne vyuzivaju na izolaciu a identifikaciu S. aureus a MRSA. Statisticky
vyznamné rozdiely v prevalencii MRSA boli zistené medzi obyvatelmi domovov déchodcov a mladymi dobrovolnikmi (12 % vs.
1,5 %; OR 8,85; 95 % Cl 2,087-37,706; p = 0,0007), ako aj medzi neinstitucionalizovanymi seniormi a mladymi dobrovolnikmi (11 %
vs. 1,5%; OR 8; 95% Cl 1,888-33,901; p = 0,005). Nase vysledky naznacuju, ze pobyt v domovoch socidlnej starostlivosti pre seniorov
a vyssi vek by mohli byt rizikovym faktorom pre vyskyt vysoko rizikovych kmerov MRSA.
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INTRODUCTION alternative transpeptidase known as penicillin binding
protein 2a, which shows low affinity for most beta-lac-

Staphylococcus aureus occurs asymptomatically on tam antibiotics and does not inhibit the formation of

the skin and mucous membranes of healthy individuals
as part of the normal microbiota. However, in certain cir-
cumstances, it can cause a wide range of infectious dise-
ases, such as skin and soft tissue infections, endocarditis,
pneumonia, or bloodstream infections. Of great medical
relevance is methicillin-resistant S. aureus (MRSA), which
confers resistance to almost all beta-lactam antibiotics,
therefore severely limiting therapeutic options. The
mechanism of resistance to these antibiotics is mediated
by the mecA gene (and its variants) localized on trans-
ferable genomicislands, called the Staphylococcal Chro-
mosome Cassette mec region (SCCmec), integrated into
the bacteria chromosome. The mecA gene encodes an
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bacterial cell walls even when antibiotics are present
at inhibitory concentrations [1]. Since the 1960s, MRSA
has proliferated around the world in both healthcare
settings and communities [2]. MRSA strains possess
the same virulence as methicillin-sensitive strains of S.
aureus (MSSA) and cause a similar spectrum of disease.
The main problem is that in healthy colonized elderly,
nasal MRSA carriage can act as a potential endogenous
reservoir for clinical infections [3]. A weak immune sys-
tem makes the elderly more susceptible to all infections,
including those caused by MRSA strains. In this study,
we examine the prevalence of MRSA among residents
of nursing homes for the elderly of selected institutions
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in two Slovak regions (Zilina and Trnava), compared to
non-institutionalized volunteers of the same age, as well
as young volunteers (20-24 years old). Based on our
findings, MRSA can pose a threat to the elderly, especial-
ly those living in nursing homes.

MATERIALS AND METHODS

Sample Collection

This study included 424 participants. Two hundred
forty-two samples were from seniors living in nursing
homes in the Trnava and Zilina region (median age 72,
range 59-100). Fifty samples were from non-institutio-
nalized seniors living in the Zilina region (median age 69,
range 61-86) and 132 samples from students of Trnava
University in Trnava, Faculty of Health Care and Social
Work (median age 22, range 18-25). Nasal swabs from all
participants (one collection per person) were obtained
using a sterile swab (Transport Amies Swab System,
Copan, ltaly), which was transported to the laboratory
within 48 h after sample collection. Samples were stored
in transport boxes at 4°C until delivery to the laboratory.

Isolation and identification of S. aureus

The biological material from the swabs was applied
directly to blood agar and to a selective diagnostic me-
dium, mannitol salt agar (MSA), which is commonly used
to detect the presence of S. aureus in the examined sam-
ples. Plates were further incubated for 24-48 h at 37 °C.
For rapid identification of the clumping factor (bound
coagulase) and protein A, a commercially produced latex
agglutination test The Prolex™ Staph Latex Kit was used.
Positive isolates of S. aureus were further confirmed by
PCR. Synthetic oligonucleotide primers were designed
based on previously published sequence information
(forward primer:5-GCGATT GAT GGT GATACGGTT-3’, re-
verse primer: 5-AGC CAA GCCTTG ACGAACTAA AGC-3")
[4]. PCR was used to amplify a specific sequence (270 bp)
of the nuc gene, which encodes the thermostable en-
donuclease of S. aureus. The PCR program used was as
follows: 1. Initial denaturation — 4 min (94 °C); 2. DNA
denaturation - 45 s (94 °C); 3. Annealing - 45 s (50 °C);
4. DNA polymerization - 60 s (72 °C); 5. Final DNA poly-
merization — 2 min (72 °C). Steps 2, 3 and 4 were repeated
thirty times. The PCR product was detected by agarose
gel electrophoresis. GelRed dye (manufacturer: Biotium
Inc. USA) was used to label the DNA.

Identification of MRSA

To identify MRSA, S. aureus isolates were further test-
ed using the disc diffusion method for their suscepti-
bility to cefoxitin (30 ug) according to The European
Committee on Antimicrobial Susceptibility Testing (EU-
CAST). After incubation at 37 °C for 18 h, the diameters
of the inhibition zone were measured and interpreted
according to the EUCAST breakpoint tables. Strains
were considered resistant when the diameter of the in-
hibition zone was less than 22 mm and sensitive when
the diameter of the inhibition zone was greater than
22 mm. The S. aureus ATCC 33591 (MRSA) and S. aureus
ATCC 29213 (MSSA) strains were used as controls.

Regarding the fact that there is no mecA gene in S. au-
reus strains sensitive to methicillin, the detection of this
gene in any S. aureus isolate is indicative of MRSA. The
mecA-specific primer pairs used for the amplification of
the fragment of 310 base pairs were prepared according
to Geha et al. (forward primer 1: 5°-GTA GAA ATG ACT
GAA CGT CCG ATA A-3’; reverse primer 2: 5'-CCA ATT
CCA CAT TGT TTC GGT CTA A-3") [5]. The PCR reaction
was performed as previously described for the nuc gene.

Statistical analysis

For statistical analyses, the Vassarstats program cal-
culator was used. Categorical data were examined
using the chi-square test (x>-test), with a significance
level of a = 0.05, and the odds ratio (OR) with 95% con-
fidence intervals. Fisher’s exact test was used if at least
one of the values in the cells of the contingency table
was less than five. P values below or equal to 0.05 indi-
cated statistically significant differences.

RESULTS

The carriage of S. aureus was detected in 45 samples
(34%) of young volunteers (n = 132); in 123 samples
(51%) of residents of nursing homes (n =242) and in 9
(18%) samples of non-institutionalized seniors (n = 50).

Among those identified as carriers of MRSA strains,
we found 2 students (i.e., 4% out of 45 positive samples
for S. aureus and 1.5% out of 132 samples examined),
29 nursing home residents (i.e., 24 % out of 123 positive
samples for S. aureus and 12% out of 242 samples exa-
mined), and 3 non-institutionalized seniors (i.e., 33%
out of 9 positive samples for S. aureus and 6% out of 50
samples examined) (Table 1).

Table 1. Prevalence of MRSA carriers among participants of the study

Nursing home residets 242
Non-institutionalized seniors 50
Young volunteers (students) 132

carriage n (%)

S. aureus MRSA carriage n (% out of S. aureus posit.

samples; % out of all samples examined)

123 (51%) 29 (24%; 12%)
9 (18%) 3 (33%; 6%)
45 (34%) 2 (4%; 1.5%)
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We determined the statistically significant differ-
ence between the prevalence of MRSA among nurs-
ing home residents and among students. The odds of
contracting MRSA among residents of nursing homes
were eight times higher than those of students (12% vs.
1.5%; OR 8.85; 95% Cl 2.087-37.706; p = 0.0007). When
comparing the prevalence of MRSA between the nurs-
ing home groups in the Trnava and Zilina region, we
did not find statistically significant differences between
these groups (p = 0.105). Although the prevalence of
MRSA in the non-institutionalized group of seniors was
lower than in the group of nursing home residents, the
difference was not significant (6% vs. 12%; OR 2.13;
95% Cl 0.624-7.297; p = 0.319). However, the preva-
lence of S. aureus was statistically significantly higher
in nursing home residents than in non-institutionalized
seniors (51% vs. 18%; OR 4.709; 95% Cl 2.193-10.111;
p < 0.0001), suggesting a potential risk factor for the
development of methicillin - resistant strains in this
group of elderly people.

When age was considered, we determined a signifi-
cantly higher prevalence of S. aureus in the group of
older responders (nursing home residents and non-in-
stitutionalized seniors) compared to the control group
consisting of younger participants (students) (45% vs.
34%; OR 1.595; 95% Cl 1.040-2.446; p = 0.032). There
was also a significantly higher prevalence of MRSA in
the group of older responders compared to students
(11% vs. 1.5%; OR 8; 95% Cl 1.888-33.901; p = 0.005),
suggesting that older responders may have a higher
risk of contracting MRSA.

DISCUSSION

MRSA currently represents a global burden because
it is resistant to almost all beta-lactam antibiotics and
may also be resistant to other groups of antimicro-
bials. It is an opportunistic pathogen that can cause
a serious health problem with fatal consequences in
immunosuppressed elderly people. The presence of
MRSA in the nasal cavity puts colonized individuals
at risk of developing a clinical infection or spreading
of MRSA strains to others. Cuervo et al. (2015) docu-
mented that more than 40% of MRSA cases occurred
in patients over 75 years of age [6]. In our study, 51%
(n = 123) of the 242 samples examined among elderly
residents of nursing homes were positive for S. aureus
and 12% (n = 29) were identified as MRSA. Regarding
the nasal carriage of MRSA, no significant differences
were observed between the institutions examined in
the Trnava and Zilina regions (p = 0.105). These results
were consistent with the study conducted in Greece
(Heraclion, Crete) between January and December
2015, in which the carriage of MRSA was observed in
33 out of 227 (14,5%) participants in the nursing homes
examined [7]. Similarly, Chuang et al. (2015) monitored
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MRSA transmission in nursing homes in Hong Kong,
China. In this study, 2776 residents from 36 nursing
homes were included. The general prevalence of MRSA
in this group was 20.4% (95% Cl, 18.9-21.9%) [8]. Elder-
ly people living in nursing homes are a high-risk group
that can acquire these infections very easily. Various co-
morbidities, a weak immune system, and poor hygiene
conditions contribute to the acquisition of infections,
which can increase the prevalence rate of S. aureus in
these facilities [9]. In Hong Kong, researchers O’'Dono-
ghue et al. (2012) studied the transmission rates of
S. aureus and MRSA among nursing home residents
and community-dwelling seniors (attending day care
centers). Samples were taken from the nose and oral
cavity. They found that MRSA colonization was 30.6%
in nursing homes and 2.7% in seniors attending a day
care center (p < 0.001). Based on their study, O’'Dono-
ghue et al. (2012) concluded that nursing home resi-
dents were clearly at risk for the spread of S. aureus and
MRSA [10]. In our study, the prevalence of MRSA in the
non-institutionalized senior group was lower than in
the nursing home resident group as well; however, the
difference was not significant (6% vs. 12%; OR 2.13;95%
Cl 0.624-7.297; p = 0.319). We assume that our results
may have been influenced by the relatively small group
of non-institutionalized seniors (n = 50) from a single
location (since this part of the study was carried out
during the COVID-19 pandemic with limited trans-
portation possibilities). Therefore, a further follow-up
study would be necessary containing a larger group
of elderly non-institutionalized study participants.
However, when comparing the prevalence of S. aureus
between the group of nursing home residents and
non-institutionalized seniors, it was statistically signifi-
cantly higher in nursing home residents (51% vs. 18%;
OR4.709; 95% Cl 2.193-10.111; p < 0.0001), suggesting
a possible risk factor for the development of methicillin
resistant strains in this group of elderly people. Other
limitations of the study include the fact that the identi-
ty of isolated MRSA strains was not established, nor was
the possible horizontal clonal spread of MRSA strains
among nursing home residents confirmed/excluded.

The risk of nasal MRSA carriage appears to be also
related to age alone. A study by Brito et al. (2015) in
Minas Gerais, Brazil, evaluated the prevalence of S. au-
reus and MRSA nasal carriage in 120 healthy elderly
people (= 60 years), 83.1% of whom lived in house-
holds with 1 to 4 members [3]. According to this study,
the prevalence of S. aureus and MRSA colonization
among seniors was quite high: 17.8% and 19%, re-
spectively. In line with these results, our study docu-
mented a significantly higher prevalence of S. aureus
and MRSA in the group of older respondents (nursing
home residents and non-institutionalized seniors)
compared to students (p = 0.032; p = 0.005, respec-
tively), suggesting that age alone may act as a higher
risk of contracting MRSA.

197



KRATKE SDELENT

198

REFERENCES

1.

Fishovitz J, Hermoso JA, Chang M. Mobashery S. Penicillin-bind-
ing protein 2a of methicillin-resistant Staphylococcus aureus.
IUBMB Life, 2014,66:572-577.

Lee AS, de Lencastre H, Garau J, et al. Methicillin-resistant
Staphylococcus aureus. Nat Rev Dis Primers, 2018;4:18033.

Brito CS de, Queiroz LL, Campos PA de, et al. The nares as
a CA-MRSA reservoir in the healthy elderly. Rev Soc Bras Med
Trop, 2015;48:614-616.

Brakstad OG, Aasbakk K, Maeland JA. Detection of Staphylococ-
cus aureus by polymerase chain reaction amplification of the
nuc gene. J Clin Microbiol, 1992;30:1654-1660.

Geha DJ, Uhl JR, Gustaferro CA, et al. Multiplex PCR for identifi-
cation of methicillin-resistant staphylococci in the clinical labo-
ratory. J Clin Microbiol, 1994;32:1768-1772.

Cuervo G, Gasch O, Shaw E, et al. Clinical characteristics, treat-
ment and outcomes of MRSA bacteraemia in the elderly. Journal
of Infection, 2016;72:309-316.

Moschou A, Maraki S, Giormezis N, et al. Prevalence and molecu-
lar epidemiology of Staphylococcus aureus nasal colonization
in four nursing home residents in Crete, Greece. J Infect Chemo-
ther, 2020;26:199-204.

Chuang VW, Tsang IH, Keung JP, et al. Infection control inter-
vention on meticillin resistant Staphylococcus aureus trans-
mission in residential care homes for the elderly. J Infect Prev,
2014;16:58-66.

10.

Kasela M, Grzegorczyk A, Korona-Gtowniak |, et al. Transmission
and Long-Term Colonization Patterns of Staphylococcus aureus
in a Nursing Home. IJERPH, 2020;17:8073.

O’Donoghue M, Zhang M, Ho J, Boost M. Do carriage rates of
Staphylococcus aureus and MRSA differ between elderly homes
resident and elderly attendees of day care centres? Int J Infect
Dis, 2012;16:e357.

Funding

This work was supported by a grant from Trnava University in Trnava
n. 13/TU/2022 awarded to KM and by grant from Trnava University in
Trnava n. 11/TU/2022 awarded to ZB.

Acknowledgments

The authors acknowledge Mrs. Adriana Hojova and Mrs. Dominika
Dulovcova for their help during sample collection. The authors thank
Mrs. Iveta Adamkova for her excellent technical assistance during
experimental procedures.

Do redakce doslo dne 6. 1. 2023.

Adresa pro korespondenci:

doc. RNDr. Sonia Kucharikovd, PhD.
Fakulta zdravotnictva a socidlnej prdce
Trnavskej univerzity v Trnave
Univerzitné ndmestie 1

91843 Trnava

Slovenskd republika

e-mail: sona.kucharikova@truni.sk

Epidemiologie, mikrobiologie, imunologie 2023, ro¢. 72, ¢. 3



