
REVIEW
 CURRENT
OPINION Methicillin-resistant Staphylococcus aureus lung

infection in coronavirus disease 2019: how common?
 Copyrigh

0951-7375 Copyright � 2022 Wolte
a,b a a,b a
Matteo Bassetti , Laura Magnasco , Antonio Vena , Federica Portunato ,
and Daniele Roberto Giacobbea,b
Purpose of review

Some patients with coronavirus disease 2019 (COVID-19) may develop pulmonary bacterial coinfection or
superinfection, that could unfavorably impact their prognosis.

Recent findings

The exact burden of methicillin-resistant Staphylococcus aureus (MRSA) lung infection in peculiar
populations such as patients with COVID-19 remains somewhat elusive, possibly because of wide
heterogeneity in methods and endpoints across studies.

Summary

There was important heterogeneity in the retrieved literature on the epidemiology of MRSA lung infection in
patients with COVID-19, both when considering all other bacteria as the denominator (relative prevalence
ranging from 2% to 29%) and when considering only S. aureus as the denominator (relative prevalence
ranging from 11% to 65%). Overall, MRSA is among the most frequent causative agents of pulmonary
infection in patients with COVID-19. Improving our ability to rapidly reach etiological diagnosis of
bacterial lung infection in COVID-19 patients remains fundamental if we are to improve the rates of
appropriate antibiotic therapy in patients with COVID-19 and concomitant/superimposed MRSA infection,
at the same time avoiding antibiotic overuse in line with antimicrobial stewardship principles.
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INTRODUCTION

Some patients with coronavirus disease 2019 (COVID-
19) may develop pulmonary bacterial coinfection or
superinfection, that could unfavorably impact their
prognosis [1,2,3

&

]. Overall, the prevalence of bacterial
pneumonia in hospitalized patients with COVID-19
has been reported to reach 7%, with the risk of com-
munity-acquired bacterial pneumonia (CABP) being
lower than that of developing hospital-acquired
bacterial pneumonia (HABP), especially ventilator-
associated bacterial pneumonia (VABP) [4–6].

Although not the most frequent, Staphylococcus
aureus is a well recognized cause of bacterial pneu-
monia in general [7–10]. In particular, a non-negli-
gible risk of developing S. aureus pulmonary
infection has been reported in patients with severe
influenza, with also a high crude mortality of >50%
[11]. Another factor associated with increased mor-
tality in patients with S. aureus pneumonia in previ-
ous studies was the presence of methicillin
resistance [7,9,12–14]. Overall, methicillin-resistant
t © 2022 Wolters Kluwe
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S. aureus (MRSA) has been reported to cause up to 9%
and 23% of CABP and HABP, respectively. However,
the exact burden of MRSA lung infection in peculiar
populations such as patients with COVID-19
remains somewhat elusive, possibly because of wide
heterogeneity in methods and endpoints across
studies (with many of them focused on other
aspects and reporting only marginally on the epi-
demiology of causative agents of bacterial co-infec-
tion or superinfection), as well as in the approach to
etiological diagnosis (e.g., different frequencies of
collection of deep respiratory specimens for culture
r Health, Inc. All rights reserved.
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KEY POINTS

� Some patients with coronavirus disease 2019 (COVID-
19) may develop pulmonary methicillin-resistant
Staphylococcus aureus (MRSA) coinfection or
superinfection, that could unfavorably impact
their prognosis.

� There is important heterogeneity in the literature on the
epidemiology of MRSA lung infection in patients with
COVID-19, both when considering all other bacteria as the
denominator (relative prevalence ranging from 2% to 29%)
and when considering only S. aureus as the denominator
(relative prevalence ranging from 11% to 65%)

� Overall, MRSA remains among the most frequent
causative agents of pulmonary infection in patients with
COVID-19

� Improving our ability to rapidly reach etiological
diagnosis of MRSA lung infection in COVID-19 patients
remains fundamental to optimize its therapy in line with
antimicrobial stewardship principles.

Respiratory infections
or molecular testing in COVID-19 patients with
VABP) [1,2,4,15–22].

In this narrative review, we discuss existing
observational studies reporting either selectively
or marginally on the epidemiology of S. aureus
and MRSA pulmonary co-infection or superinfec-
tion in patients with COVID-19, in the attempt to
provide a global overview of its prevalence in
this population.
METHODS

In September 2021, we performed a literature search
through the PubMed online database, using various
combinations of the keywords ‘COVID-19’, ‘aureus’,
and ‘MRSA’. Then, title and abstract screening were
performed in order to check consistency with the
selected topic, followed by full text review of
selected papers and pertinent references. Eventu-
ally, observational studies reporting on the epide-
miology of S. aureus and/or MRSA pneumonia in
patients with COVID-19 were included in the pres-
ent review and narratively discussed.
HETEROGENEITY OF CURRENT
LITERATURE AND MORTALITY OF MRSA
LUNG INFECTION

The characteristics of available studies reporting on
the epidemiology of S. aureus and MRSA lung infec-
tion in patients with COVID-19 are summarized in
Table 1. As shown in the table, there is certainly
heterogeneity in the study populations
 Copyright © 2022 Wolters Kluwer H
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(hospitalized patients with COVID-19 vs. only criti-
cally ill patients with COVID-19), but the two most
important factors hampering a clear delineation of
the prevalence of MRSA pneumonia in COVID-19
patients are the different denominators exploited
for assessing absolute/relative prevalence of lung
infection (e.g., whole study population, patients
who underwent microbiological investigation,
patients with positive cultures, presence/lack of
clear definition for lung infection) and the level
of details of information (e.g., antimicrobial suscep-
tibility of S. aureus isolates). Keeping in mind these
crucial limitations, the results of available studies
providing information on MRSA lung infection epi-
demiology are discussed in the following para-
graphs. With regard to mortality of S. aureus and
MRSA lung infections in patients with COVID-19
(also reported in the last column of Table 1, when-
ever the information was available with sufficient
detail), it should be acknowledged that we focused
on studies from which we could extrapolate preva-
lence data, and thus this narrative review was not
primarily aimed to delineate mortality of MRSA lung
infection. A recent scoping review was conversely
aimed to synthetize available evidence on clinical
outcomes in patients with COVID-19 and S. aureus
coinfection, reporting a crude mortality of 65% in
115 coinfected patients (mostly bacteremia, fol-
lowed by pneumonia) from 28 studies, also includ-
ing case reports [23]. Mortality was not stratified in
detail for methicillin susceptibility [23].
STUDIES REPORTING ON THE
EPIDEMIOLOGY OF Staphylococcus
aureus AND/OR METHICILLIN-RESISTANT
Staphylococcus aureus LUNG INFECTION
IN PATIENTS WITH CORONAVIRUS
DISEASE 2019

As anticipated in the previous paragraph, a general
stratification can be made based on the study popu-
lation: hospitalized patients with COVID-19; only
critically ill patients with COVID-19. In addition,
another important division in the retrieved litera-
ture, which we considered for the organization of
the following paragraphs, was: studies reporting on
the epidemiology of S. aureus lung infection (with-
out providing information on S. aureus antimicro-
bial susceptibility); studies reporting information on
the epidemiology of MRSA lung infection.
Epidemiology of S. aureus lung infection in
patients with coronavirus disease 2019

With regard to studies reporting on the epidemiol-
ogy of S. aureus lung infection in general, Silva and
ealth, Inc. All rights reserved.
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colleagues conducted a retrospective, single center
study in Brazil [24]. Among 212 hospitalized
patients with severe COVID-19, 53/212 patients
had positive tracheal aspirate bacterial culture
(25%), with 8/53 positive cultures yielding S. aureus
(15%) [24]. A multicenter study in Russia involved
both outpatients and inpatients with COVID-19
[25]. Among 1204 patients diagnosed with SARS-
CoV-2 infection, 433 were also diagnosed by their
treating physicians to have secondary bacterial
pneumonia (36%), of which 24/433 were S. aureus
CABP (6%) and 63/433 were S. aureus HABP (15%)
[25]. S. aureus was the third most frequent causative
agent of CABP following Streptococcus pneumoniae
and Haemophilus influenzae, and the second most
frequent causative agent of HABP following S. pneu-
moniae [25]. In a retrospective single center study
among 989 hospitalized patients with COVID-19 in
Spain, Garcia-Vidal et al. [1] observed S. aureus lung
coinfection at COVID-19 diagnosis in 6/21 cases of
coinfections (29%), with S. aureus being the most
frequently isolated pathogen after S. pneumoniae.
With regard to secondary infections in hospitalized
patients, S. aureus was the most frequent causative
agent of VABP (4/11, 36%) [1]. In a multicenter
retrospective study conducted in the United Arab
Emirates, Senok et al. [26] registered 392 co-infec-
tions among 29 802 hospitalized patients with
COVID-19, with S. aureus being isolated from lower
respiratory tract specimens in 8/392 cases of coin-
fections (2%). Several other organisms (e.g., Pseudo-
monas aeruginosa, Enterobacterales) were more
frequently isolated than S. aureus, but it should be
noted that this count also included infections other
than pneumonia [26]. In a large retrospective, mul-
ticenter study in England, including 223 413 hospi-
talized patients with COVID-19, bacterial infections
were diagnosed in 2279/223 413 cases (1%) [27]. Of
2279 bacterial infections, 209 were early S. aureus
infections (defined as co-infections), and 301 late S.
aureus infections during hospitalization (defined as
secondary infections). Of the cumulative 510
patients with S. aureus infections, 262 had respira-
tory infections (51%). Overall, S. aureus was the most
frequent causative agent of respiratory infections in
this large cohort (with early and late infections
being considered together for this calculation)
[27]. In a prospective, single center study conducted
in Peru, among 93 hospitalized patients with
COVID-19, 11 patients had sputum culture yielding
S. aureus (12%), which was the most frequently
isolated pathogen from sputum [21]. In a cross-
sectional, multicenter study of 399 hospitalized
patients with COVID-19 in Colombia, 18 of them
had respiratory S. aureus infection (5%). In terms of
frequency as causative agent of respiratory
r Health, Inc. All rights reserved.
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infections, S. aureus was second only to K. pneumo-
niae (32%) [28]. In a large retrospective, multicenter
study in the UK, among 48 902 hospitalized patients
with COVID-19, 21 had S. aureus isolated from spu-
tum collected from patients with bacterial coinfec-
tion (21/118 [18%] positive specimens, with S.
aureus representing the most frequently isolated
pathogen), 14 had S. aureus isolated from lower
respiratory specimens collected from patients with
bacterial co-infection (14/45 positive specimens,
31%, again with S. aureus representing the most
frequently isolated pathogen), 81 had S. aureus iso-
lated from sputum collected from patients with
secondary bacterial infection (81/642 specimens,
13%, with S. aureus second only to Escherichia coli
in terms of relative frequency), and 29 had S. aureus
isolated from lower respiratory specimens collected
from patients with secondary bacterial infection
(29/277 specimens, 10%, with S. aureus representing
the third most frequently isolated pathogen after E.
coli and K. pneumoniae) [20

&

]. In a retrospective,
single center study conducted by Tang et al. [22]
in 142 hospitalized patients with COVID-19 in
China, 32/142 patients had positive sputum cultures
(23%), of which 6/32 were positive for S. aureus
(19%). Together with P. aeruginosa, S. aureus was
the second most frequently isolated bacterial path-
ogen from sputum after K. pneumoniae [22]. In a
retrospective, single center study by Yang et al.,
among 20 critically ill patients with COVID-19 for
a total of 96 respiratory samples, bacteria were iden-
tified in 56/96 cases (58%) [29]. S. aureus was identi-
fied from 7% and 31% of specimens by conventional
culture and by polymerase chain reaction (PCR),
respectively [29]. In a retrospective, single center
study of 107 critically ill patients with COVID-19,
35 had VABP (33%), and 8/35 episodes were caused
by S. aureus (23%) [30]. In this latter study, P. aer-
uginosa and Klebsiella spp. were isolated from respi-
ratory specimens slightly more often than S. aureus
[30].
Epidemiology of methicillin-resistant
Staphylococcus aureus lung infection in
patients with coronavirus disease 2019

With regard to studies providing information on the
epidemiology of MRSA lung infection, in a retro-
spective study of hospitalized patients with COVID-
19 who developed S. aureus bacteremia, Cusumano
et al. [31] identified pneumonia as the source of
bacteremia in 19% of cases (8/42), mostly hospi-
tal-acquired (only two cases were CABP). Overall,
19/42 blood isolates were MRSA (45%), but no
details were provided on how many were isolated
from the eight patients who also had pneumonia
 Copyright © 2022 Wolters Kluwer H
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[31]. In a multicenter, retrospective study conducted
by Son et al. in South Korea, 47 patients had avail-
able culture results among 152 hospitalized patients
with COVID-19 (31%) [32]. Of them, 3/47 had
respiratory cultures positive for MRSA (6%) [32].
In a single center, cross-sectional study of 43 hospi-
talized patients in Iran with COVID-19 and positive
bacterial cultures, 6/43 patients had cultures posi-
tive for MRSA (14%), with two being cultures of
respiratory specimens [33]. In another single-center,
retrospective study, conducted among 1495 hospi-
talized patients with COVID-19 in Wuhan, China,
102/1495 were reported to have secondary bacterial
infection (7%), and 3/102 had positive MRSA cul-
tures (2/3 were from respiratory specimens) [34]. In
this study from Wuhan, Gram-negative bacteria
were more frequently isolated than MRSA from
respiratory specimens (43% and 31% for Acineto-
bacter baumannii and Klebsiella pneumoniae, respec-
tively, vs. 2% for MRSA) [34]. In a retrospective,
single center study conducted in the United States,
among 4221 hospitalized patients with COVID-19
there were 472/4221 with available respiratory cul-
ture results (11%) [35]. The prevalence of MRSA in
respiratory cultures ranged from a 0.6% on day 3, to
5.7% on day 28, cumulatively [35]. In a retrospec-
tive, single center, Spanish study involving 1195
hospitalized patients with COVID-19, bacteria were
detected from cultures of respiratory specimens in
66/1195 patients (6%), with S. aureus being identi-
fied in 18/66 cases (and 8/18 were MRSA, 44%) [36].
S. aureus was the most frequently isolated pathogen
from respiratory specimens, followed by P. aerugi-
nosa (17/66) [36]. In a multicenter, retrospective
study in 836 hospitalized patients with COVID-19
in the UK, S. aureus was the most frequent pathogen
isolated from respiratory samples (sputum or bron-
choalveolar lavage fluid [BALF]) collected within
5 days of admission (4/14, 29%), whereas S. aureus
was less frequently isolated than P. aeruginosa and
Enterobacterales from positive respiratory samples
collected beyond 5 days of admission (2/19, 11%)
[37]. In a retrospective, single center study in Italy,
Fontana et al. [38] evaluated 152 respiratory samples
from consecutive COVID-19 patients by multiplex
polymerase chain reaction. Overall, 21/66 positive
BALF samples yielded S. aureus (32%), of which 16/
21 were mecA positive (76%), and 27/86 positive
sputum samples yielded S. aureus (31%), of which
14/27 were mecA positive (52%). In this latter study
by Fontana et al. [38], S. aureus was the most fre-
quently detected pathogen from respiratory sam-
ples. In a single center, retrospective study in 314
hospitalized patients with COVID-19, a diagnosis of
probable VABP due to methicillin-susceptible S.
aureus (MSSA) and MRSA was posed in two and
ealth, Inc. All rights reserved.
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one patients, respectively [39]. Baskaran et al. [40]
conducted a retrospective study among 254 criti-
cally ill patients with COVID-19, of whom 4/254
had S. aureus colonization/infection at ICU admis-
sion or within 48 h after admission, with 1/4 being
MRSA. In the same study, the relative prevalence of
late S. aureus co-colonization/co-infection was also
collected, being between 5% and 10% both 3–7 days
and >7 days after ICU admission. Overall, S. aureus
was the most frequently isolated pathogen within
48 h of ICU admission, whereas Gram-negative bac-
teria predominated subsequently [40]. Grasselli et al.
[2] conducted a multicenter, retrospective study in
759 critically ill patients with COVID-19, calculat-
ing an incidence rate of VABP of 26 episodes per
1000 ICU days, for a total of 389 VABP episodes.
Overall, 110/389 VABP were caused by S. aureus,
with 61/110 being caused by MRSA (55%). Overall,
S. aureus was the most frequently isolated pathogen
from patients with VABP, although most VABP epi-
sodes were caused by Gram-negative bacteria (64%).
Giacobbe et al. [16] registered an incidence rate of 18
VABP events per 1000 ventilator days among 586
critically ill patients with COVID-19 in a multicen-
ter study in Italy. Overall, 171/586 of patients devel-
oped VABP (29%), and 77/171 patients with VABP
had positive BALF cultures. S. aureus VABP and
MRSA VABP were diagnosed in 18/77 cases (23%)
and 8/77 cases (10%), respectively. S. aureus was the
second most frequently isolated pathogen after P.
aeruginosa [16]. In a retrospective, single center
study of 101 critically ill patients with COVID-19,
of whom 20/101 had positive respiratory cultures
(20%), Elabbadi et al. [41] reported a relative preva-
lence of S. aureus of causative agent of pulmonary
infection of 55% (11/20), with 2/11 isolates being
MRSA (18%). S. aureus was the most frequent path-
ogen isolated in this cohort [41]. In a prospective,
single center study of 40 critically ill patients with
COVID-19 and S. aureus VABP in Italy, MRSA was
responsible for 65% of cases [15]. Sharifipour et al.
[42] reported on 19 critically ill patients with
COVID-19, all diagnosed with secondary bacterial
infections, and of whom 2/19 patients had S. aureus
VABP (11%), one of the two caused by MRSA. Most
cases of VABP in their study were caused by A.
baumannii [42]. In a retrospective, multicenter study
of 126 critically ill patients with COVID-19, of
whom 77/126 had positive respiratory cultures
(61%), Risa et al. [19] observed 6/77 cases of S. aureus
respiratory infection, of which 6 were caused MRSA.
In a retrospective study of 178 critically ill patients
with COVID-19 for a total of 230 lower respiratory
tract specimens, there were 15/230 lower respiratory
tract cultures positive for S. aureus (7%), and 6/15
were MRSA (40%). In addition, in 25/230 specimens
 Copyright © 2022 Wolters Kluwe
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PCR results were positive for S. aureus (11%), with 8/
25 being also mecA positive (32%) [43]. In this
cohort, S. aureus was preceded by P. aeruginosa
and K. pneumoniae in terms of relative frequency
of detection [43]. Among 43 critically ill patients
with COVID-19 who underwent bronchoscopy, a
total of 96 BALF samples were collected [44]. Overall,
there were 5/43 patients with first BALF drawn
positive for S. aureus (12%) and 6/43 patients with
subsequent BALF specimens positive for S. aureus (6/
43, 14%). The mecA gene was detected in two cases.
The only pathogen isolated more frequently than S.
aureus was P. aeruginosa [44]. In a retrospective,
single center study of 197 critically ill patients with
COVID-19 in Egypt, 18/197 were diagnosed with
VABP due to MRSA (9%), which overall was less
frequent than VABP due to Gram-negative bacteria
[45]. In a retrospective, single center study of 196
critically ill patients with COVID-19, 28 had BALF
culture performed within 48 h from intubation,
with MSSA and MRSA being isolated in 11/28
(39%) and 2/28 (7%) cases, respectively [46]. With
regard to positive samples drawn beyond 48 h of
intubation (n¼120), 15 and 10 of them yielded
MSSA and MRSA, respectively, with S. aureus being
the most frequently isolated pathogen [46]. In a
retrospective, multicenter study conducted in 188
critically ill patients with COVID-19 there were 141
VABP, with S. aureus accounting for 14% of episodes
[47]. S. aureus was the most frequently isolated
pathogen from respiratory specimens, and most of
S. aureus isolates (24/28) were from late VABP. Over-
all, 3/28 S. aureus isolates were MRSA (11%) [47]. In a
retrospective, single center study of 50 critically ill
patients with COVID-19 requiring extracorporeal
membrane oxygenation (ECMO), 43/50 developed
at least one VABP episode (86%). [48]. S. aureus was
isolated in three episodes (7%), of which one was
caused by MRSA and two by MSSA. Enterobacterales
and nonfermenting Gram-negative bacteria were
isolated more frequently than S. aureus [48]. In a
single center retrospective study conducted in 140
critically ill patients with COVID-19, development
of VABP was registered in 21/140 patients (15%),
and in five cases was caused by MRSA (24%) [49]. In
this latter study, MRSA was the second most fre-
quently isolated pathogen from respiratory speci-
mens following P. aeruginosa [49]. Finally, in a
multicenter, retrospective study, of 586 critically
ill COVID-19 patients, 287 of them developed ven-
tilator-associated lower respiratory tract infections
(VABP or tracheobronchitis) [50

&

]. Overall, 27 epi-
sodes were caused by MSSA (10%) and 8 by MRSA
(3%). Most ventilator-associated lower respiratory
tract infections were caused by Gram-negative bac-
teria (84%) [50

&

].
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Some brief considerations on the relative
risk of methicillin-resistant Staphylococcus
aureus vs. methicillin-susceptible
Staphylococcus aureus lung infection in
coronavirus disease 2019 patients

While a specific, formal statistical analysis of any
possible independent association of potential pre-
disposing factors with the development of MRSA
lung infection in COVID-19 is not available, it is of
note that the available relative frequency of MRSA
vs. MSSA as causative agent of lung infection in
COVID-19 suggest a relative prevalence of MRSA
>30% in COVID-19 patients with VABP, whereas
a study reported a relative frequency of MRSA<30%
as a causative agent of CABP [2,16,39,40,42,47,
48,50

&

]. While this may suggest late infection during
hospitalization as a reasonable potential risk factor
for MRSA, such crude relative prevalences should
still be interpreted with caution pending further
investigation, especially considering the limited
information on the relative prevalence of MRSA as
causative agent of CABP in this patient population.
Furthermore, many studies reported the relative
prevalence of MRSA lung infection in COVID-19
patients at ICU admission, which, without provid-
ing additional details, does not allow to clearly
understand whether the patients had CABP, HABP,
or ventilated HABP.

Another factor certainly deserving further inves-
tigation as a potential risk factor for MRSA infection
in COVID-19 patients is previous antibiotic therapy.
Of note, this applies both to CABP (empirical anti-
biotic therapy at home) and to HABP/VABP (previ-
ous therapy either at home or in the hospital).
Unfortunately, most initial experiences registered
a large, likely excessive, use of antibiotics in
COVID-19 patients, a fact that significantly ham-
pered any possible reliable assessment of the role of
previous therapy in independently influencing the
risk of MRSA infections [4–6].
CONCLUSION

In the previous paragraphs, we narratively summa-
rized the results of studies reporting on the epidemi-
ology of S. aureus and MRSA lung infection in patients
with COVID-19. Of note, our summary was qualita-
tive and not quantitative, thereby not allowing to
provide proper quantitative measures, but at the
same time relaxing inclusion criteria and allowing
a wider qualitative interpretation. Overall, keeping
into account the wide heterogeneity in study designs,
populations, and denominators, as well as the wide
range of the relative prevalences of S. aureus lung
infection registered in the different studies (2–
 Copyright © 2022 Wolters Kluwer H
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36%), the following general trajectories seem to stem
from the currently available literature on the epide-
miology of S. aureus lung infection in COVID-19
patients: S. aureus is among the most frequently
isolated bacteria from the respiratory tract of patients
with COVID-19 during the first days of hospitaliza-
tion; conversely, although S. aureus remains one of
the most frequently isolated pathogen also in late
secondary respiratory infections (that overall are far
more frequent than early infections), Gram-negative
bacteria frequently predominate in late scenarios.
Nonetheless, S. aureus predominated as cause of
HABP/VABP in some local scenarios. In this regard,
thehypothesis-generating findingsofDe Pascale et al.
[15], who reported a lower species diversity and
enrichment in S. aureus in the lung microbiota of
critically ill COVID-19 patients with S. aureus VABP in
comparison with non-COVID-19 critically ill
patients with S. aureus VABP, is intriguing and
deserves further investigation.

Regarding MRSA lung infection in patients with
COVID-19, there was important heterogeneity in
the retrieved literature on its epidemiology, both
when considering all other bacteria as denominator
(relative prevalence ranging from 2% to 29%) and
when considering only S. aureus as denominator
(relative prevalence ranging from 11% to 65%).
All of this likely reflect the local microbiological
epidemiology, although it should be noted that
MRSA was not rare as causative agent of CABP in
patients with COVID-19, therefore, in our opinion,
it may be prudent to consider it in patients present-
ing with severe COVID-19 pneumonia and high
suspicion of bacterial co-infection. Against this
background, improving our ability to rapidly detect
the causative agents of pneumonia and their crucial
resistance determinants in COVID-19 patients
(either through conventional or molecular meth-
ods) remains, in our opinion, fundamental if we are
to improve our rates of appropriate empirical ther-
apy in patients with COVID-19 and concomitant/
superimposed MRSA infection, at the same time
avoiding antibiotic overuse in line with antimicro-
bial stewardship principles.
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