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syndrome coronavirus 2 (SARS-CoV-2) pathogen hasMethods
infected over 181 million individuals and resulted in Search strategy and study selection
more than 3.9 million deaths worldwide as of July 1, 2021To provide a scoping review of initial insight into the
[2]. In addition to rapid spread through high transmis breadth of developing data on COVID-19 anl aureus
sion rates [3], infection with COVID-19 can result in co-infection, we followed the ve-stage methodology of
severe complications such as acute respiratory distresscoping review practice presented by Levac, Colquhoun,
syndrome (ARDS), thromboembolic events, septic shockand O’Brien [15]. In accordance with the Preferred
and multi-organ failure [4]. In response to this novel Reporting Items for Systematic Reviews and Meta-Anal
virus, the clinical environment has evolved to accem yses (PRISMA) extension for Scoping Reviews [16], we
modate the complexities of healthcare delivery in the conducted electronic searches in PubMed, Scopus, Ovid
pandemic environment [5]. Accordingly, a particularly MEDLINE, CINAHL, ScienceDirect, medRxiv (preprint),
challenging scenario for clinicians is the managementand the WHO COVID-19 database between July 3, 2021
of patients with common infections that may be com and July 16, 2021. Search terms were combined with the
plicated by subsequent COVID-19 co-infection, or cen use of Boolean operators and included subject headings
versely co-infected with a pathogen following primary or key terms speci c to COVID-19 (i.e. severe acute tes
infection with COVID-19 [6]. Bacterial co-infection in piratory syndrome coronavirus 2 OR SARS-CoV2 OR
COVID-19 patients may exacerbate the immunocem 2019 novel coronavirus OR 2019-nCoV OR coronavirus
promised state caused by COVID-19, further worseningdisease 2019 virus OR COVID-19 OR Wuhan coronavi
clinical prognosis [7]. rus) and Staphylococcus aureus (i.e. methicillin-resistant

Implicated as a leading bacterial pathogen in both com staphylococcus aureus OR MRSA OR methicillin-suseep
munity- and healthcare-associated infections, Staphy tible Staphylococcus aureus OR MSSA OR staphylocec
lococcus aureus (S. aureus) is commonly feared in the cal infections). A comprehensive list of our scoping terms
hospital environment for its risk of deadly outcomes such and search strategies is included in the Appendix (Addi
as endocarditis, bacteremia, sepsis, and death [8]. In pasional le 1: Table S1). Two independent, experienced
viral pandemics, S. aureus has been the principal causereviewers (JA and KV) screened the titles and abstracts
of secondary bacterial infections, signi cantly increas of eligible studies and performed full-text review on
ing patient mortality rates [9]. For viral in uenza infec quali ed selections. For this review, we broadly consid
tion specically, S. aureus co-infection and bacteremia ered articles of any design that included patients infected
has been associated with mortality rates of almost 50%with both COVID-19 and S. aureus, provided a descrip
in contrast to the 1.4% morality rates observed in patientstion of the timeline and ultimate clinical outcomes for
infected with in uenza alone [10]. Given the parallels these patients (i.e. death or discharge from hospital) at
between the clinical presentation, course, and outcomesstudy completion, and were available in English. Studies
of in uenza and COVID-19 viral infection [11], mortal  were excluded if they did not report nal outcomes since
ity rates in COVID-19 patients co-infected with S. aureus our scoping review purpose was to evaluate the quality of
may re ect those observed in in uenza patients. How existing literature that described the clinical course and
ever, while recent studies have focused on the incidencenortality rate of patients co-infected with these patho
and prevalence of COVID-19 anfl. aureus co-infection, gens. We excluded duplicate records and disagreements
the clinical outcomes of patients co-infected with these regarding study inclusion were resolved by consensus or
two speci c pathogens remains unclear given that exist feedback from the senior author.
ing studies consolidate S. aureus patient outcomes with
other bacterial pathogens [12-14]. Data extraction

Given that the literature informing our knowledge of For the nal articles selected, we completed data extrac
COVID-19 is a dynamic and evolving entity, the purposetion in duplicate, and any discrepancies were resolved
of this scoping review is to evaluate the current body ofthrough discussion or consult with the senior author.
evidence reporting the clinical outcomes of patients co- While several studies also included reports on patients
infected with COVID-19 and S. aureus. To date, there has infected with COVID-19 alone or co-infected with an
been no review focusing speci cally on the clinical treat alternative pathogen, we extracted data solely for patients
ment courses and subsequent outcomes of COVID-19with COVID-19 and S. aureus co-infection. Our data
and S. aureus co-infection. In response to the urgency of extraction items included study methodology, author
the pandemic state and high rates of COVID-19 hospitaland study location, type of staphylococcal species, onset
admissions, we aim to identify important areas for fur of S. aureus infection, S. aureus culture site and infection
ther research and explore potential implications for clini source, patient sample size, age, gender, presentation,
cal practice. comorbidities or additional co-infections, prior history
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s Studies included in review
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Fig. 1 Process of searching and selecting articlesincluded in the scoping review based on the PRISMA 2020 ow diagram

of S. aureus infection, diagnostic ndings, hospital treat identify gaps in the current literature on COVID-19 and
ments and interventions, complications, total length of S. aureus co-infection.
hospital admission, intensive care unit transfer, and nal

patient mortality outcomes upon study completion. Quality assessment
Given that the majority of existing literature reporting
Data synthesis and analysis outcomes data for COVID-19 and S. aureus co-infection

Microsoft Excel 2016 (Redmond, WA, USA) was used towere case reports, we utilized the Joanna Briggs Mnsti
collect and chart data extracted from the studies that mettute’s critical appraisal tools [17] to provide a metric for

the inclusion criteria. Data was synthesized and analyzeaur scoping assessment of the methodological quality of
descriptively, with frequency counts performed for indi the included studies. Application of these tools enabled
vidual and grouped study metrics. e purpose of syn examination of study quality in the areas of inclusion €ri

thesizing the extracted information through this method teria, sample size, description of study participants, -set
was to create an overview of existing knowledge anding, and the appropriateness of the statistical analysis.
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As in previous reviews [1819], the tools were modied Publication quality

to produce a numeric score with case reports assesseBigure 2 represents the quality assessment scores-pro
based on an eight-item scale, case series on a ten-itemluced by the Joanna Briggs Institute’s critical appraisal
scale, and cohort studies on an eleven-item scale. Studigsols. Scores ranged from 2 to 8 for case reports (out of 8
were assessed with the methodological quality tool spepoints total) (n=22), 6-9 for case series (out of 10 points
ci ¢ to their design (i.e. case report, case series, cohort}otal) (h=2), and 6-8 for cohort studies (out of 11 points
by two independent reviewers (JA and KV) and discrep total) (n=4). e mean quality assessment score for
ancies were resolved through discussion. While debatehese publications compared within their respective eat
exists regarding the minimal number of patients required egories was 6.8 for case reports, 7.5 for case series, and
for study quali cation as a “case series” [20], we consid 7.3 for cohort studies. In terms of most common study
ered studies reporting individual patient data as “casedesign limitations, the metric of patient post-intervention
reports” and those reporting aggregate patient data a<linical conditions was least clearly described for case
“case series!” Our complete quality assessment, includingeports, neither of the case series consecutively included
tools and scores, is available in the Appendix (Additionalparticipants, and strategies to address incomplete follow-
le 1: Tables S2-S4). up were only reported for one of the four cohort studies.

Results Patient demographics

Our search strategy produced a total of 1922 potentialFor the 115 total patients included in our review that
publications with patients co-infected by COVID-19 were co-infected with COVID-19 andS. aureus, their
and S. aureus. For transparent and reproducible meth demographic (Tablel) and clinical data (Tabl®) were
ods, the PRISMA 2020 ow diagram for new system described with varying completeness. Staphyloeoc
atic reviews was utilized to display the search resultscal species and patient outcomes are reported in both
of our scoping review (Figl). Following deduplication tables to enable direct comparison with patient demo
(n=597) and a comprehensive screen of study titles andjraphics and clinical course. Across our patient sam
abstracts for irrelevant material (a-1233), we reviewed ple, the mean patient age was 54.8 years (P1.6),
92 full texts for inclusion eligibility. Of these texts, 64 65.3% (n=75) were male, 32.1% 37) were female,
did not include patient outcomes for COVID-19 and. and 3 patients (2.6%) did not have their gender speci
aureus co-infected patients: 57 were incidence or preva fied in the study. Patients presented with a diversity of
lence studies with no patient-speci ¢ outcomes data, comorbidities with diabetes mellitus (33.9%,=n39),
two included patients with COVID-19 and a history of S. hypertension (32.2%, & 37), and cardiovascular dis
aureus infection but no current COVID-19 and S. aureus ease (28.7%, 433) reported as the most common.
co-infection, two were genome analysis studies with noFive patients presented with no comorbidities and
patient data, and three were unavailable in English (Addi four studies reported no information on patient medi

tional le 1: Table S5). cal history related to comorbidities. The most com
mon presenting symptoms reported by patients at
Publication types and geography hospital admission included cough (13.9%,=16),

Following full-text review, 28 studies quali ed forinclu  fever (13.9%, B 16), and dyspnea (13.0%=15).

sion in our review, resulting in a total of 115 patients.

Of these 28 included studies, 22 were case reports

(describing single patients with individual data), two Infection characteristics

were case series (describing 7—-42 patients with aggreln terms of specific staphylococcal species co-infec
gate data), and four were cohort studies (describingtion, 51.3% (r=59) of patients were infected with
4-40 patients with aggregate data). Countries of studymethicillin-sensitive staphylococcus aureus (MSSA)
publication included the United States (&7) [7, 9, and 49.6% (r=57) were infected with methicillin-
21-25], Italy (n=7) [26-32], Japan (&=2) [33, 34], resistant staphylococcus aureus (MRSA), with a -sin
Iran (n=2) [35,36], the United Kingdom (n=2) [37, ¢le patient co-infected with both MRSA and MSSA.
38], Spain (n=2) [39,40], Bahrain (n=1) [41], China ©One patient co-infected with MSSA had a fatal Pan
(n=1) [42], France (B=1) [43], the Philippines (a=1) ton-Valentine Leukocidin toxin-producing strain of
[44], Korea (n=1) [45], and Canada (& 1) [46], with MSSA (PVL-MSSA). In addition to COVID-19 and
publication dates ranging from April 15, 2020 to JuneS. aureus co-infection, 26.1% (r=30) of patients
16, 2021. Tablel describes the characteristics of thesewere co-infected with one or more separate patho
included studies and available information on their 9ens such as Klebsiella pneumoniae (#& 6), Candida
respective patient demographics in detail. spp. (n=6), Enterococcus spp. (n=5), Haemophilus



(2021) 21:985 Page 5 0f 17

Adalbert et al. BMC Infect Dis

yeaq  Asped [eigaiad 3UON VSSIN aleiN v 8/9 uodai ased 02/10/80 uel| InezweH
abieyosiq SUON 3UON VSSI aleiN 0S 8/8 uodai ased 0Z/TT/S0 Arey oweoo|i4
yreaQ HN SUON VSHN ElE 6S 8/9 uodal ssed 02/€2/90 ureiyeq eles|3
aejuownaud e|jals
abreyosig BUON  Qg3[Y ‘g ezusn ul VSSI s[ews4 6¢ 8/9 1odal esed 02/20/50 ssuiddijiyd epeip3
(Bunaioas
yreaq QUON auoON “1Ad) VSSIN ETE Ge 8/8 Jlodal ase) 02/9T/¥0 aouel zakojdng
(g ) aseasIp
Aauppy o1uoayd
‘(¥ ==1) wsedoau
‘(7 =) uoissaud {T=u)eu
dnsounwwi 8oegosn ‘(z =u)
‘(2 4) aseasipsanolaua] ‘(g =u)
Bun| ‘(2 =u) els)oeqoundy
9SeasIp Jejnasen ‘(2 =41) elB)ORQ
olpied ‘(g=u)  0sjoid ‘(8T =U) (92 #) vSunW (£ =) sorewad
(9z=u) yrea@ snyjleW Sa1RQRIA ssjeploisioeg ‘(¥T %) YSSIN ‘(ec=¢) soleN  (ueaw) v9 oY TT/810Y0d dANdads0Id T2/TE/SO Aey aJeosed aQ
(T &) aseasip Jan)|
‘(€ =01) uedsuen
ueblo ‘(y =u) (T=u)
aseas|p [eual  SIjigeliWw Snajoid
abeis-pus ‘(G=u) ‘(T#) sipwiapida
AoueuBiew  snaoodojhyders
‘(9=) aseasip ‘(T &) 'dds sn2209
Aauppy alwoiyd  eIoIN'(T =u) dds
‘(L) eseasip sn|jioeg'(T =u) 1100
Bun| ‘(6T =t1) @sea  euLYIST (g =u)
-sIp Je|nosenolpres aejuownaud e|jals
‘(Tz=u) smydw  gapy'(z =) "dds
(8z=u) saleqelp ‘(6z=u) epipued'(c=u) || (6T+) vSUN  (TZ %) sajewsad
sAep o€ 1e yreaq uoisuayadArpoae) snooodolalug pue (€2 H) YSSIN ‘(Tz=8) saley (uesw) 9'G9 Z¥ 0T/6 Sal1as ase) 02/2T/TT vsn ouewnsn)
uonoayul
snaine 'S Joud ‘uon
-e||lg [eLye ‘anjen
onJoe onayisoud
‘SIsoua)s aljoe
‘SI}19AW081S0 100}
21U0IYD ‘sNYj[BW
aoidsoH  sajaqelp ¢ adAL BUON VSSIN EIEN €L 8/L vodas ssed 02/70/L0 vsn Ainypnoyd
aezuan ul
abreyosiq (papodal jou) YN snjiydowseH VSYIN pue YSSIA S[eiN 6¢ 8/9 uodal ssed 0Z/T0/TT eulyd usyo
snyjsw
yreag  salagelp g adAL 3UON VSSIN a[ewsao N 8/L uodai ased T2/02/S0  wopbury panun ueipueyd
abreyasiq uoisuapadAH sieaidos) epipued VSSIN arewsaH 29 8/8 10das ase)d 02/S0/80 ey ojeubeg
aejuow
yreaQ BuUON  -naud e|jaIsgay VSSIN slewse V8 8/8 vodas ssed 02/ST/S0 ueder 1yoepy
JUBWSSASSY
awooINo sanIpIqIowo) uonoauI-0D adAL alewa4/aleiN by N Airend ubisap Apnls  arep uonedlgnd Anunod Joyiny 1sii4

sonsualoeIeyd Juaed pue ApniS T ajqeL



(2021) 21:985 Page 6 of 17

Adalbert et al. BMC Infect Dis

wsiplol
-Ay10dAy ‘eseasip

A1ape Areuolod
‘aseas|p bun| el

yrea@ -onuisqo oluoay SUON VSHN ElE 09 8/L uodal ssed 0z/10/2T vsSn Irepuey
shuyue
Je|naiAe|o0UIR)S
‘splyle 1sum
‘BIWS|0J)SAI0Yd
JadAy ‘snyjlew
yreag  sa1eqelp g adAL 3UoN VSSI dN 09 TT/910yod aAnoadsold 02/0€/L0 ureds  zaunJep-sowey
eise|dsAp [eual 1o}
sjue|dsuel) [eual aezuan ul
afireyosiq omy ‘uoisuspadAH snjiydowaeH VSSIN EIEN 9€ 8/L vodas ssed 02/82/60 vsn Aapley
SOTEN aejuow
abreyosia  salaqelp ¢ adAL  -naud ejjaIsqaly VSSI aen ze 8/L yiodai ssed 02/0T/60 vsn Aapley
1100
®IYolaydsy ‘aelu
uoneindwe ownaud e|ja1sgaly
Ba| ya| ‘aseasip ‘sljiqeliw snajoid
A1sue elayduad ‘luuewneq Jsjoeq
‘aseasip LJeay opudYy ‘erelqe|d
olWaYDs! ‘'shyjlaw epipue) ‘liuebiow
Yreaq  saleqelp z adAL e|lsuebion VSHN EIET 6. 8/8 1odal ssed 02/90/60 Arey o.lels)sod
suoIsa|
onadiay [elo jo SNJIA
abreyosiq  Aloisiy [eulsrey xa1dwis sadisH VSSI SleiN 0 8/L 1odal ssed 0¢/ST/v0 vsn aked
shaine 'S dluUoIyd
‘sisaredosiseb
‘Adua1d nsul one
al1oued aulID0Xd
‘aseas|p bun| ann
-0NJ1Sgo 8Yelapoll SeUuoWOopNasd lue
abreyosia yum sisolq ansAD  1sisal Bnup-pin VSHN ElE 6¢ 8/9 1odas ased 02/9T/1T vsSn ezZIN
elwapidisAp
‘snjjlsw sajaqelp
fendsoH ‘uoisualiadAH QUON VSSIN alewad Xl 8/9 1odal ase) 02/T0/20 epeue) anbsana
uonoel) uondale
paonpal yum anfea
yresg dnJoe dnayisoid SUON VSSIN SewsH 69 8/8 1odas ased 02/22/S0  wopbury payun uressnH
sno
abreyosiq uoisuspadArpoooidans g dnoio VSSI EIE 6€
abeyiioway
abreyosiq [eiqalad snoinald ETIN VSSIN BT v 0T/9 SalIas ase) 02/20/1T ueder eweAlysoH
JUBWISSaSSY
awono sanIpIgiowo) uonI3UI-0D adAL arewa4/aeN aby N Airend ubisap ApmiS  arep uoneslgnd Anuno) Joyiny 1sii4

(penunuog) T 8|qeL



(2021) 21:985 Page 7 of 17

Adalbert et al. BMC Infect Dis

pa1i0dal Sem UOII08JUI SNSISA UOIIRZIUO|09 USBMISQ UOIOUNSIP ou Ing ‘ejAyd [eris1oeq asayl Y1im Paziuojod 8I1am sjuaiied

aseas|p
Aaupnpy a1uoayd
‘oseas|p Leay
olwayos! ‘eaude
doajs ‘ain|re} Leay
annsabuod ‘sny|
-lsw sa1aqelp ¢

abreyosigadAl ‘uoisuaniadAH auoN VSSIN aleN 89 8/9 10das ased 02/TT/90 ureds ebrea
snyjlaw
sajaqgelp g adAy
‘siseiselall auoq
admnw yum
Jaoued I1sealq 1ybu
‘parejal-Tvog
yreaq  ‘annebau aydiL 3UON VSSIN a[ewad ei°] 8/9 vodas ssed 02/0€/60 Arey ojods
eibeydsAp
‘s199|n ainssaid
[eloes ‘epuawap
JejnoseA ‘aseasip
Aauppy a1uo1yd
‘elwapidisAp
‘uone|luq [eure
fewsAxoued ‘ainjre}
1Jeay 21uolyd I
yreaq ‘uoisuaiadAH  -yiem Ja1oeqolld VSSIN alewsaH 56 8/8 Jlodal aseD 02/£2/90 Arey e|jauueds
(T=u)
lnuuewneq Jajeq
018UIOY JUB)SISal
-wauadeqted
(T =¢1) eiydoyew
'S'(z =u) 10000
0l9)UB JUB)SISal
-UuPAWooURA (T =) ajewa4q 110409
(e =u) yrea@ YN ‘(2w suealqre -0 VSHA (e=u)oen  (uesw) 6. v TT/8 anpoadsoney TZ/9T/90 ©a10) uos
snyjjew
yreaq saleqelp g adAL SUON VSdIN dN 4N
abreyosig auoN auoN VSSIN UN N TT/210oYod anndadsold 02/10/60 ueJ| inod Leys
rendsoH dN 3UON VSSIN a[eiN 0L 8z uodai ased 02/,0/80 Aey 1uozzehay
SISOYMID ‘snyjjjaw
sajaqelp z adAy
yreaQ ‘uoisusadAH O shredaH VSHN Bl 09
uone|jug [eure
yreaq ‘uoisualiadAH auoN VYSHIN aleN €8
JUBWSSASSY
awoaIN0 SanIpIqIowo) uonoauI-0D) adAL alewa4/aleN aby N Airend ubisep Apms  arep uoneolgnd Anunod Joyiny 1sii4

(panunuoo) T s|geL



Adalbert et al. BMC Infect Dis (2021) 21:985 Page 8 of 17

100%
90%
80%
0% Case report
60% B No
Yes
50% -
0% Case series
No
30% B Yes
209
% Cobhort study
W No
B Yes
\V Q"\)

Total Responses (yes/no)

10%

0%
I O SRR M P OAARAEED
b‘v@»@b\\@&& LA s’acw \\‘\"mm@ <
Yo °¢ \\&o‘v @Q‘z’ @q&\ o“%‘?Q&'ﬁ%@‘*‘g&Q
&

Publication
Fig. 2 Quality assessment scores for includedpublications reported as “yes” or “no” for achieving quality metrics per theJoanna Briggs Institute’'s
critical appraisal tools

influenzae (n=2), Proteus mirabilis (n=2), Escheri- Complications and outcomes
chia coli (n=2). Comprehensive patient co-infection During the hospital course of the 115 co-infected

data are reported in Table.1 patients in our review, the most common compliea
tions were sepsis or systemic in ammatory response
Diagnoses and treatments syndrome (23.86, n=27), acute kidney injury (5.2%,

Of all 115 reported cases of co-infection with COVID- n=6), acute respiratory distress syndrome (4.3%,
19 and S. aureus, diagnosis of S. aureus infection was n=>5), pneumonia (4.3%, £5), and multi-organ dys
most frequently established by blood culture in our function or failure (4.3%, B=5). Transfer to an inten
patient sample (64.3%, & 74), with S. aureus infec-  sive care unit during admission was clearly reported
tions manifesting predominantly in patients as bacte for 53.9% (r=62) of patients, unnecessary for 4.3%
remia (64.3%, e=74) and pneumonia (55.7%,=64), (n=5), and not reported for the remaining 41.8%
accompanied by several additional endocarditis/vas (n=48). Patients were admitted for a mean length of
culitis (3.5%, n=4), cellulitis (1.7%, B=2), and ostee 26.2 days (SB-26.7) to any type of inpatient hospital
myelitis (0.9%, r=1) cases. Additionally, two patients unit, with the length of hospital stay not reported in
that tested positive forS. aureus with no clear infee ~ ve cases. Upon analysis of the nal outcomes reported
tion source were suspected to be chronic carriers offor the hospital course of our co-infected COVID-19
the bacterial pathogen. From this variety of infection and S. aureus patient sample, 71 (61.7%) patients died,
presentations, the majority (76.5%, =a88) experi 41 (35.7%) were discharged, two remained hospital
enced hospital-onset S. aureus co-infection following ized and in stable condition on study conclusion, and
hospitalization for an initial infection with COVID- one patient was placed in hospice care. TaBléurther
19, and 19 patients (16.5%) presented with S. aureusdetails the specic complications presenting in each
infection at the time of admission that was deter patient’s hospital trajectory and Table8 reports the
mined to be community-onset in etiology. Aside from nal pooled frequencies of patient co-infection charac

a standard course of antibiotics, patients receivedteristics and outcomes.

a diversity of adjuvant treatments during their hes

pital admission, with the most common interven Discussion

tions including intubation and mechanical ventilation As our evidence base of the outcomes of patients with
(74.8%, nr=86), a central venous catheter (19.1%,COVID-19 infection continues to expand, thorough
n=22), and corticosteroids (13.0%,=n15). Table2 review of the various clinical scenarios and environments
describes the clinical course following hospital admis inherent to the treatment process of this disease are
sion for each patient in comprehensive detail. crucial for patient care management and improvement.
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Table 3 Pooled frequencies of patient co-infectionTable 3 (continued)

characteristics and outcomes=£ri15) Total (%)

Total (%) . -
Acute kidney injury 6 (5.2

Gender Acute respiratory distress syndrome 5(4.3)
Male 75 (65.3) Pneumonia 5(4.3)
Female 37 (32.1) Multi-organ dysfunction/failure 5(4.3)
Unspeci ed 3(2.6) Bleeding/coagulopathy 5(4.3)
Staphylococcal Species Hypoxic respiratory failure 3(2.6)
MSSA 59 (51.3) Myopathy/neuropathy 3(2.6)
MRSA 57 (49.6) Abscess formation 2127
Co-infection Confusion and altered mental status 2@.7
Klebsiella pneumoniae 6 (5.2) Atrial brillation 2(1.7)
Candida spp. 6 (5.2) Endocarditis 2(1.7)
Enterococcus spp. 5(4.3) Anemia 1(0.9)
Hemophilus in uenzae 2(1.7) Cardiac arrest 1(0.9)
Escherichia coli 2(1.7) Thrombocytopenia 1(0.9)
Proteus mirabilis 2(1.7) Re-amputation 1(0.9)
Acinetobacter baumannii 2(1.7) Cholestatic liver injury 1(0.9)
Bacillus spp. 1(0.9) Not reported 3(2.6)
Staphylococcus epidermidis 1(0.9) ICU

Micrococcus spp. 1(0.9) Yes 62 (53.9)
Pseudomonas spp. 1(0.9) No 5(4.3)
Morganella morganii 1(0.9) Not reported 48 (41.8)
Citrobacter werkmanii 1(0.9) Outcome

S. maltophilia 1(0.9) Death 71 (61.7)
Hepatitis C 1(0.9) Discharge 41 (35.7)
Herpes simplex virus 1(0.9) Hospital 2(1.7)
Group B Streptococcus 1(0.9) Hospice 1(0.9)
None 83 (72.2)

S. Aureus Diagnostic Test

Blood culture 74(64.3)  Given that higher levels of morbidity and death have
Tracheal aspirate 46 (40.0)  peen observed in inuenza patients co-infected with
Sputum sample 11(95)  multiple pathogens during past pandemics [47], explor
Nasal swab 217 ing the outcomes of co-infected COVID-19 patients may
Lower respiratory tract sample 2(17) establish similar trends and reveal strategies for decreas
Chronic carrier 2(17) ing the morbidity and mortality of this population in
Wound culture 1(0.9) our current pandemic. Our review of the available clini
S. aureus Diagnosis cal data reporting the outcomes of patients co-infected
Bacteremia 74(63.4)  with COVID-19 and the common bacterial pathogen, S.
Pneumonia 64 (55.7)  gureus, was purposed to augment this knowledge base
Ventilator-associated 44 (38.3)  and has produced several key ndings regarding mottal
Endocarditis/vasculitis 4(3.9) ity rate, co-infection onset, and treatment considerations
Cellulitis 2(1.7) for these patients.

Chronic carrier 2(17) Foremost, the mortality rate in our review for
Osteomyelitis 1(0.9) patients co-infected with COVID-19 and S. aureus was
Not reported 2(1.7) 61.7%, which depicts a significantly increased mostal
S. Aureusinfection Onset ity rate when contrasted with patients infected solely
Hospital 88(76.5) by COVID-19 [48]. This outcome is comparable to the
Community 19 (16.5)  increased morality rates observed in patients acquir
Unclear 7(6.1) ing co-infection with S. aureus in addition to influenza

Complications

Sepsis/Systemic In ammatory Response Syndrome 27 (23.5)

[10], however, our findings emphasize an important
difference in the etiology of COVID-19 and influenza
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co-infection with S. aureus. For influenza specifically, and subsequent S. aureus co-infection. e e ectiveness
co-infection with S. aureus is predominantly diag of this strategy is exempli ed by the reduction in inw
nosed upon patient presentation to a healthcare set enza and S. aureus pathology observed with increased
ting, indicating that the community is a frequent and in uenza vaccination [53,54]. As seen with in uenza co-
supportive environment for the co-infection processes infection, vaccination may be a crucial harm reduction
of these pathogens [949]. In contrast, our findings measure given that no S. aureus prophylaxis exists, and
indicate that co-infection with S. aureus predomi the incidence of S. aureus strains refractory to antibiotics
nantly occurs in the hospital environment for patients is rising [55]. Additionally, the mortality trends observed
with COVID-19 infection. The terminology used to in COVID-19 patients co-infected with S. aureus high
differentiate these infection etiologies is “community- light the necessity for future reviews and clinical studies
associated” versus “healthcare-associated,” with delinfocused on the co-infection outcomes of other baete
eation between these diagnoses occurring at 48-hoursial and viral pathogens alongside COVID-19. Further
after admission to a hospital or healthcare facility [50]. research may inform our ability to predict the trajectory
Given that co-infection with COVID-19 and S. aureus of patients with various co-infections and identify infec
occurred after hospital admission in 76.5% of thetion patterns that in uence treatment decisions.
patients in our review, preventative measures in the To our knowledge, this is the rst study to review
community-setting or treatment in an outpatient envi and evaluate the outcomes of patients co-infected with
ronment may be important considerations for mer COVID-19 and S. aureus. However, we acknowledge
tality reduction from healthcare-associated. aureus several limitations to this review. First, the majority of
infection. the studies included in our review were individual case

Importantly, while the predominance of S. aureus co- reports due to the recent emergence of COVID-19 and
infections occurring after patient admission for COVID- limited literature exploring outcomes for patients co-
19 infection is likely associated with a wide diversity ofinfected with S. aureus. While these types of studies can
patient- and environment-specic factors, our nd be vital for expanding the medical knowledge base and
ings suggest that this infection sequence may be partlyeveal fundamental disease characteristics, it is crucial
attributed to the COVID-19 treatment course. e most to consider the reporting bias that may exist in this study
common patient interventions identi ed in our review design and lack of comparison groups. Per our quality
included intubation and mechanical ventilation, cen assessment, trends in study limitations for each type of
tral venous catheter placement, and corticosteroids,publication were variable. Accordingly, our intent for
which are each associated with increased risks of bactethis review was to pool these outcomes in order to reduce
rial infection through introduction of a foreign body or this bias and transparently report each case for apprepri
immunosuppressive properties that dually support bac ate assessment and application of our ndings. In addi
terial growth [51, 52]. Although these rst-line treat tion, Cusumano et al’s [9] case series comprised 42 of
ments for decompensating patients that present with the patients in our review and used a study end-point of
severe COVID-19 infection may predispose patients to S.death at 30 days, implicating that the true mortality rate
aureus bacterial co-infection and subsequently increasedof patients with COVID-19 and S. aureus co-infection
mortality rates, they are often unavoidable during the may be higher if related complications necessitate an
patient treatment course. Vigilant management sur extended hospital course. Future high-quality clinical
rounding these interventions in patients with COVID-19 studies examining patient outcomes are warranted and of
infection, such as timely central line or ventilator removal critical importance to further expand on the ndings of
and prudent steroid dosing, are key quality improvement our systematic review.
practices that warrant routine physician adherence dur
ing patient treatment processes given co-infection mor Conclusion
tality rates.

In contrast to COVID-19 infection alone, the increased

Eat'le?]t morb|d|t¥ ar;(;l mortality fo CQVI[-)(;I19.ar(;d onstrates a higher patient mortality rate during
ealthcare-assoclated. aureus co-infection dentied . ,qhia) admission. S. aureus co-infection in COVID-

In our LGVIec\jN Ihgvel |mportant '?F“C?t'?ns fordfuturg I19 patients is predominantly healthcare-associated, and
research and clinica practice. W ie of clear and crucialyq mmoen hospital interventions for patients with severe
p.Ub“C hgalth m_portance, our ndmgs.furt-her empha COVID-19 infection may increase the risk for bacte
size the imperative of COVID-19 vaccination to reduce rial infection. Our ndings emphasize the imperative

both |nfe_ct|on and symptom.seventy that may pre‘?"s of COVID-19 vaccination to prevent hospitalization for
pose patients to the necessity of hospital interventions

In contrast to patients infected solely with COVID-
19, co-infection with COVID-19 and S. aureus dem
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