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Abstract: Background: Little is known about the occurrence of bloodstream infections in hospitalized
patients with COVID-19 and the related clinical consequences. The aim of this systematic review
and meta-analysis was to estimate the pooled occurrence of BSIs among hospitalized patients with
COVID-19 and mortality of this patient population. Methods: A systematic search was performed on
PubMed, EMBASE, and Web of Science from inception to 19 April 2021. The primary outcome was
the occurrence of BSIs among hospitalized patients with COVID-19. The secondary outcome was
mortality at the longest available follow-up. Results: Forty-six studies met the inclusion criteria, with
a total of 42,694 patients evaluated. The estimated occurrence of BSIs was 7.3% (95% CI 4.7–1.1%)
among hospitalized patients with COVID-19, with a mortality rate of 41% (95% CI 30%–52.8%). The
subgroup analysis conducted on patients admitted to ICU provided an estimated occurrence of 29.6%
(95% CI 21.7%–38.8%). A higher occurrence of BSI was observed in patients with COVID-19, in
comparison with patients without COVID-19 (OR 2.77; 95% CI 1.53–5.02; p < 0.001). Conclusions:
Our analysis estimated the occurrence of BSIs among hospitalized patients with COVID-19 at around
7%. A four-times higher occurrence was estimated among patients admitted to ICU.

Keywords: bloodstream infections; COVID-19; review

1. Introduction

Bloodstream infections (BSIs) are frequently causes of infection, sepsis, or septic shock
in hospitalized [1] and critically ill patients [2]. Whether community or hospital acquired,
BSIs may complicate patients’ hospital stay and have been associated with negative out-
comes [1]. The COVID-19 pandemic has caused the hospitalization of a substantial number
of patients with acute respiratory failure. Previous reports have described the occurrence
of BSIs in cohorts of patients with other viral pneumonia (e.g., influenza) [3,4]. The clinical
features of SARS-CoV-2 infection, the use of immunomodulatory drugs, and the high rate
of admission to ICU may pose patients with COVID-19 at a high risk of developing super-
infections [5], such as ventilator-associated pneumonia and BSIs [6]. To date, fragmented
data are available on the occurrence of BSIs in populations of hospitalized patients with
COVID-19, and little is known about how BSIs may influence the outcome of these patients.

The aim of this systematic review and meta-analysis is to estimate the pooled occur-
rence of BSIs among hospitalized patients with COVID-19 and mortality of this patient
population.
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2. Materials and Methods

The protocol of this systematic review and meta-analysis was prospectively registered
in the Open Science Framework (https://osf.io/ys8kd). For the purpose of this systematic
review and meta-analysis, a systematic search was performed on PubMed, EMBASE, and
Web of Science from inception to 19 April 2021. The search strategy included keywords
as exact phrases and subject headings, according to database syntaxes, and is available as
Supplementary Material. The reference list of relevant articles was also screened (i.e., the
snowballing method). Full literature search records were then screened independently and
by four authors in blinded pairs (MI, BS, CF, FRC) to identify all relevant records from titles
and abstracts. Studies selected as relevant were then evaluated from the full text and in-
cluded if two reviewers independently agreed on their eligibility. Nonrandomized studies,
both prospective and retrospective, were considered eligible when specifically addressing
the occurrence of bloodstream infections (BSIs) in adult and hospitalized patients with
COVID-19, defined as the proportion of patients who developed at least one BSI during
the study period, which divided the cohort of the study. The occurrence rate of BSI was the
primary outcome of the study. The secondary outcome was mortality of patients with BSI
and COVID-19 at the longest available follow-up. Case-control studies with a predefined
or fixed proportion of enrollment between infected and non-infected were excluded, due
to their design, as they were not able to provide a reliable estimate of the occurrence of BSI.
Studies presenting data on only one family or species of microorganism were excluded, as
they were not able to provide a reliable estimate of the overall occurrence of BSI. Studies
including less than 10 patients (i.e., case series), case reports, abstracts, not peer-reviewed
articles, and articles not in the English language were excluded. The Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) [7] checklist is provided in Sup-
plementary Material. Data collection was performed in duplicate and using an electronic
standardized data extraction form. Discrepancies at any stage are resolved by discussion.
When the disagreement was due to a difference in interpretation, arbitration was conducted
by another author (GC or CM). The corresponding authors of the included studies were
contacted to obtain additional information regarding eligibility or data presentation, if
needed, by two authors (MI and AC).

2.1. Qualitative Analysis

Qualitative analysis of included studies was performed using the Methodological
Index for Non-Randomized studies (MINORS) [8], due to its ability to be used for the
assessment of single arm studies, independently and in duplicate by two authors (GC, MI).
Disagreements over the assessment were resolved by a third author (AC). The items were
scored as 0 (not reported), 1 (reported but inadequate), or 2 (reported and adequate). The
global ideal score was 16 for non-comparative studies and 24 for comparative studies.

2.2. Statistical Analysis

Meta-analysis was performed in the case of two or more included studies reporting
data on the outcomes of interest. The summary estimates were derived from logit trans-
formation of individual study proportions of the outcomes and presented along with the
corresponding 95% confidence interval (CI), calculated using random-effect meta-analysis.
The I-squared (I2) statistical model was used to describe the percentage of variation across
the included studies due to heterogeneity. Prespecified subgroup analyses were performed
on the basis of the setting (e.g., intensive care unit, non-intensive care wards) and the num-
ber of centers per study (e.g., multicenter, single center). We also performed a sensitivity
analysis, including studies comparing the outcomes of patients with COVID-19 to those
of patients without COVID-19. A post-hoc subgroup analysis was performed on studies
including only hospital-acquired BSI. All the analyses were performed by MI with inputs
from AC, using Open Meta-Analyst 8 [9].

https://osf.io/ys8kd
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3. Results
3.1. Characteristics of Included Studies and Patients

A total of 1172 records were retrieved. The full search output is available as Supple-
mentary Material. After the screening of the records, a total of 46 studies were included in
this systematic review and meta-analysis [6,10–54]. The included studies provided data on
a total of 42,694 patients with COVID-19. The inclusion/exclusion process is presented as a
PRISMA flow diagram, as shown in Figure 1.
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The characteristics of the included studies are presented in Table 1. Sixteen studies
were multicentric and 30 were conducted in a single center. Twenty-nine studies were
conducted in EU, 10 in USA, four in China, and three in other countries. The included
patients had an age ranging from 32 to 70 years, with a percentage of male gender in the
cohorts ranging from 48% to 94%. All the studies were single-arm studies, except 11 also
presenting data on patients without COVID-19 as a comparator. Details on isolates and
source of the infection are provided in Table S2, Supplementary Material. Data on causative
microorganisms showed that the infections were mainly bacterial and rarely fungal BSIs,
with Gram positive species prevalent in many studies. The qualitative assessment per study,
according to MINORS, is provided in Tables S3 and S4, Supplementary Material. Only
two [52,55] of the studies reported protocol registration and none reported information
on sample calculation. Among the 11 studies with a comparison group, all except two
had historical comparison groups [27,35]. Furthermore, 8 out of 11 studies reported only
unadjusted statistical analysis [10,12,18,20,22,27,28,44]. These were the most frequently
downgraded domains.
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Table 1. Characteristics of the included studies. The table shows the main characteristics of the included studies, as reported
by the authors. BSI, bloodstream infection; CRBI, catheter-related bloodstream infection; ECMO, extracorporeal membrane
oxygenation; ICU, intensive care unit; NA, not available; RT-PCR, real-time polymerase chain reaction.

Authors
(Year)

Design of the Study
(Country) Setting Population Comparison Group

(non COVID-19): Definitions

Adler et al.
(2020) [38]

Single center
retrospective
observational study
(UK)

Both ICU
and non-ICU

195 hospitalized
patients with
COVID-19 (RT-PCR);
Age 69 y. [59–81];
Male 60.5%

NA

Samples unequivocally consistent
with contamination were considered
negative. Results recorded until 7
days from the positive COVID-19 to
exclude hospital-acquired infections

Akagi et al.
(2021) [45]

Single center
retrospective,
case–control study
(USA)

Non-ICU

565 hospitalized
patients with
COVID-19;
Age 64.5 y. ±16.4;
Male 57.1%

NA

Community onset bloodstream
infection
Positive blood culture with a known
pathogen in one or more blood
cultures or the same commensal
organism in two or more blood
cultures drawn within 48 h of
hospitalization

Bardi et al.
(2021) [14]

Single center
retrospective
observational study
(Spain)

ICU

140 patients with
severe COVID-19
(RT-PCR), admitted
to ICU
Age 61 y. [57–67],
Male 77%

NA

All infections were defined according
to the Centers for Disease Control and
Prevention criteria and the Spanish
Society of Infectious Diseases and
Clinical Microbiology

Barry et al.
(2021) [49]

Single center case
series
(Saudi Arabia)

Both ICU
and non-ICU

605 hospitalized
patients with
COVID-19
Age 75% < 65 y.
Male 61%

NA NA

Baskaran
et al. (2021)
[33]

Multicenter
retrospective
observational study
(UK)

ICU

254 patients with
COVID-19 (RT-PCR)
admitted to ICU,
Age 59 y. [49–69],
Male 64.6%

NA
Culture results were excluded if they
were considered to represent
contamination or colonisation

Bayo et al.
(2020) [28]

Single center
retrospective cohort
study (Spain)

Both ICU
and non-ICU

2923 hospitalized
patients with
COVID-19 (RT-PCR),
Age 64.5 [NA]
Male 86%

29,314 hospitalized
patients,
Age 65.9 [NA]
Male 67%

Blood culture contamination was
defined as the presence of one or more
of the following organisms found in
only one blood culture set and only
one of a series of two or three blood
culture sets: coagulase-negative
staphylococci, Micrococcus spp.,
viridans group streptococci,
Propionibacterium acnes,
Corynebacterium spp., and Bacillus
spp.

Blazoski et al.
(2021) [39]

Single center
retrospective
observational study
(USA)

ICU

20 patients with
COVID-19 admitted
to ICU and treated
with ECMO;
Age 54 ± 8.7
Male 60%

NA NA

Bonazzetti
et al. (2020)
[36]

Single center
retrospective
observational study
(Italy)

ICU

89 patients with
COVID-19 admitted
to ICU,
Age 61.5 y.
[53.1–68.7];
Male 77.5%

NA

BSIs were defined using the Center for
Disease and Control criteria. BSI due
to organisms usually associated with
contamination had to be confirmed in
two sets of blood cultures.
ICU-acquired BSI if diagnosed greater
than or equal to 48 h after ICU
admission

Buehler et al.
(2021) [37]

Single center
prospective
observational study
(Switzerland)

ICU

45 patients with
COVID-19 (RT-PCR)
admitted to ICU,
Age 60 y. [54–69],
Male 77.8%

NA NA
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Table 1. Cont.

Authors
(Year)

Design of the Study
(Country) Setting Population Comparison Group

(non COVID-19): Definitions

Buetti et al.
(2021) [6]

Multicenter
prospective
observational study
(France)

ICU

235 patients with
COVID-19, admitted
to ICU,
Age 59.8 y. ± 12.7
Male 80%

Historical cohort of
235 patients with
ARDS, admitted to
ICU
Age 59.8 y. ± 13.8
Male 80%

ICU-BSI
infection onset occurring >48 h after
ICU admission. Typical skin
contaminants were included if ≥2
blood cultures showed the same
phenotype within a 48-h period or ≥1
blood culture positive for clinical
sepsis, no other infectious process,
and antibacterial agent treatment
initiated by the attending physician
Secondary BSI
same microorganism in one blood
culture and in the suspected source of
infection. All catheter-related BSI
(CRBSI) were documented by
quantitative tip culture

Cataldo et al.
(2020) [12]

Single center
retrospective cohort
study
(Italy)

ICU

57 patients with
COVID-19 admitted
to ICU, Age 62 y. ±
13, Male 72%

Historical cohort of
75 patients admitted
to ICU

NA

Cates et al.
(2020) [16]

Multicenter
retrospective
observational study
(USA)

Both ICU
and non-ICU

3948 hospitalized
patients with
COVID-19 (RT-PCR),
Age 70 y. [61–77],
Male 94%

5453 hospitalized
patients with
influenza A or B
(RT-PCR or other),
Age 69 [61–75],
Male 93.8%

ICD-10-CM codes

Chen et al.
(2020) [30]

Single center
retrospective
observational study
(China)

Both ICU
and non-ICU

408 hospitalized
patients with
COVID-19 (PCR),
Age 48 y. [34–60],
Male 48%

NA

BSI
non-skin flora commensal on one or
more blood culture to define a
bloodstream infection as that caused
by a common skin colonizer. Two or
more blood cultures drawn from
different sites were required plus a
clinical evaluation. Co-infections if
present at the time of admission
(initial 48 h), secondary infections if
emerged during the course of
hospitalization

Cheng et al.
(2020) [47]

Single center
retrospective
observational study
(China)

NA

212 hospitalized
patients with
COVID-19;
Age 53.1 y. ± 16.6;
Male 60%

NA
According to the diagnostic standard
of nosocomial infection formulated by
the China’s Ministry of Health in 2001

Contou et al.
(2020) [53]

Single center
retrospective
observational study
(France)

ICU

92 patients with
COVID-19 (RT-PCR)
admitted to ICU,
Age 61 y. [55–70],
Male 79%

NA

A patient was considered as
co-infected when at least one of the
performed microbiological
investigations isolated a pathogenic
bacterium

D’Onofrio
et al.
(2020) [22]

Single center
prospective and
retrospective
observational study
(Belgium)

Both ICU
and non-ICU

110 patients
hospitalized with
COVID-19 (RT-PCR),
Age 73 y. [60–82],
Male 63%

103 hospitalized
patients with
influenza,
Age 76 y. [57–84],
Male 51%

Blood cultures were drawn at
admission (<24 h)

Engsbro et al.
(2020) [27]

Single center
prospective
observational cohort
study (Denmark)

Both ICU
and non-ICU

227 hospitalized
patients with
COVID-19 (RT-PCR);
Age 66.3 y. ± 17,
Male 51%

2097 hospitalized
patients

Bloodstream infections were
categorized as community-acquired
or hospital-acquired if cultures were
drawn within or after 48 h of
admission. Clinical significance
assessed by microbiologist
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Table 1. Cont.

Authors
(Year)

Design of the Study
(Country) Setting Population Comparison Group

(non COVID-19): Definitions

Fakih et al.
(2021) [18]

Retrospective study
(USA)

Both ICU
and non-ICU

18,048 hospitalized
patients with
COVID-19 Hospitalized patients NA

Garcia-Vidal
et al.
(2021) [43]

Single center
observational cohort
study (Spain)

Both ICU
and non-ICU

989 hospitalized
adults with
COVID-19 (RT- PCR),
tested for BSI
Age 62 y. [48–74],
Male 56%

NA

BSI
Non-skin flora commensal on one or
more blood culture or common skin
colonizer in two or more blood
cultures from different sites, plus
clinical suspect.
Community-acquired diagnosis
within the first 24 h of admission
Hospital-acquired
>48 h after admission

Giacobbe
et al.
(2020) [50]

Single center
retrospective
observational study
(Italy)

ICU

78 patients with
COVID-19 (RT-PCR)
admitted to ICU,
Age 66 y. [57–70],
Male 77%

NA

ICU-acquired BSI
At least one positive blood culture for
bacteria or fungi, drawn at >48 h after
ICU admission. For other common
skin contaminants, at least two
consecutive blood cultures were
positive for the same pathogen. In
patients with multiple blood cultures
that were positive for the same
organism, novel BSI events were
considered as independent if
occurring at least 30 days after the
previous event. Polymicrobial
infections were considered as separate
BSI events, one for each causative
organism isolated from the blood
culture

Gidaro et al.
(2020) [35]

Multicenter
retrospective cohort
study
(Italy)

Both ICU
and non-ICU

1077 hospitalized
patients with
COVID-19

1082 hospitalized
patients

CRBSI diagnosed with blood culture
performed by the catheter that
showed microbial growth at least 2 h
earlier than growth detected in blood
collected simultaneously from a
peripheral vein

Girona-
Alarcon et al.
(2020) [26]

Single center
prospective
observational study
(Spain)

ICU

16 patients with
COVID-19 (PCR)
admitted to ICU
Age 32 y. [23.3–41.5]
Male 56.3%

NA

Grasselli
et al.
(2021) [55]

Multicenter
retrospective analysis
of prospectively
collected data
(Italy)

ICU

774 patients with
COVID-19 admitted
to ICU;
Age 62 y. [54–68]
Male 77%

NA
Infections were considered as ICU
acquired infections whether they
occurred ≥48 h from ICU admission

Haedo et al.
(2020) [24]

Single center
secondary analysis of
a prospective
observational study
(Argentina)

Both ICU
and non-ICU

53 hospitalized
patients with
COVID-19
(RT-PCR)

NA NA

Hughes et al.
(2020) [10]

Multicenter
retrospective
observational study
(UK)

Both ICU
and non-ICU

836 hospitalized
patients with
confirmed
SARS-CoV-2 (RT-
PCR),
Age 69.5 y. [55–81],
Male 62%

Historical cohort of
216 hospitalized
patients positive to
influenza A or B
Age 36 y. [22–65],
Male 42%

Commensal
Pathogens not warranting targeted
therapy;
Community acquired infection
Less than 120 h from admission;
Hospital acquired infection
More than 120 h from admission
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Table 1. Cont.

Authors
(Year)

Design of the Study
(Country) Setting Population Comparison Group

(non COVID-19): Definitions

Karaba et al.
(2020) [13]

Multicenter
retrospective
observational study
(USA)

Both ICU
and non-ICU

1016 hospitalized
patients with
COVID-19 (NAAT),
Age 61 [48–74], Male
54%

NA

BSI
Organisms recovered from blood
culture and deemed not to be a
contaminant. Co-infections were
considered present at the time of
admission (initial 48 h)

Karami et al.
(2021) [17]

Multicenter
retrospective
observational study
(The Netherlands)

Both ICU
and non-ICU

925 hospitalized
patients with
COVID-19 (PCR),
Age 70 y. [59–77],
Male 64%

NA

Bacterial co-infection was defined as
the isolation of a bacterium from a
blood culture. Typical contaminants
were excluded. The early phase was
defined as the first 7 calendar days of
admission.

Karruli et al.
(2021) [42]

Single center
retrospective
observational study
(Italy)

ICU

32 patients with
COVID-19 admitted
to ICU; Age 68 y.
[55.2–75];
Male 71.9%

NA

Infections were diagnosed based on
the current US Centers for Disease
Control and Prevention National
Health care Safety Network criteria.
Multidrug resistance was defined
according to the Magiorakos et al.
criteria.

Kokkoris
et al. (2021)
[15]

Single center
retrospective
observational study
(Greece)

ICU

50 patients with
COVID-19, admitted
to ICU
Age 64 y.
Male 76%

NA

ICU-acquired BSI pathogen isolation
from ≥1 blood specimen obtained at
more than 48 h after ICU admission.
In patients with ≥2 BSIs, only the first
BSI was included, unless the
subsequent episode was fungal

Kumar et al.
(2020) [41]

Single center
retrospective
observational study
(USA)

Both ICU
and non-ICU

1565 hospitalized
patients with
COVID-19

NA
Hospital acquired BSI if cultures were
positive and obtained after 3 days of
hospital admission

Lardaro et al.
(2021) [34]

Multicenter
retrospective
observational study
(USA)

Both ICU
and non-ICU

542 hospitalized
patients with
COVID-19 (RT-PCR),
Age 62.8 y. ± 16.5,
Male 49.6%

NA

True positive bacteremia
At least two of four bottles grew
bacteria. The growth of bacteria
outside of typical skin flora was
generally considered true positive

Lendorf et al.
(2020) [25]

Single center
retrospective
observational study
(Denmark)

Both ICU
and non-ICU

110 hospitalized
patients with
COVID-19 (RT-PCR)
Age 68 y. (56–78)
Male 60%

NA

Samples were acquired within 3 days
of hospitalization. Clinically relevant
if likely to contribute to
symptomatology and guided
treatment

Marcus et al.
(2021) [44]

Single center
retrospective
observational study
(USA)

ICU

17 patients with
COVID-19 admitted
to ICU and treated
with ECMO;
Age 42 y. [35–49],
Male 76%

22 patients with
influenza admitted to
ICU and treated with
ECMO;
Age 45 y. [35–55],
Male 68%

BSI
Positive cultures during ECMO course
or within 48 h of decannulation that
were determined to be pathogenic by
the patient’s treatment team

Martinez-
Guerra et al.
(2021) [48]

Single center
prospective cohort
study
(Mexico)

Both ICU
and non-ICU

794 hospitalized
patients with
COVID-19 (RT-PCR)
(data presented on
656 patients with
complete follow-up)
Age 52 y. [43–62]
Male 61.6%

NA NA

Nori et al.
(2021) [54]

Multicenter
retrospective
observational study
(USA)

Both ICU
and non-ICU

152 hospitalized
patients with
COVID-19 (PCR)
Age 62 y. [52.5–72]
Male 59%

NA

All cases were reviewed by an
infectious diseases specialist to
determine the presence of true clinical
coinfection and the source. National
Healthcare Safety Network criteria
were used for central-line–associated
bloodstream infections
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Table 1. Cont.

Authors
(Year)

Design of the Study
(Country) Setting Population Comparison Group

(non COVID-19): Definitions

Ripa et al.
(2021) [52]

Single center
prospective
observational study
(Italy)

Both ICU
and non-ICU

731 hospitalized
patients with
COVID-19 (RT-PCR),
Age 64 [55–76], Male
67.9%

NA

BSI
Single positive blood culture for a
likely pathogen or two or more
positive blood cultures for common
skin colonizers without a concomitant
microbiologically documented lower
respiratory tract infection due to the
same pathogen.
Patients with more than one positive
blood culture within 7 days from the
first positive blood culture were
considered to have a single episode of
BSI with multiple isolates

Rothe et al.
(2021) [40]

Single center
retrospective
observational study
(Germany)

Both ICU
and non-ICU

140 hospitalized
patients with
COVID-19 (RT-PCR
or serological);
Age 63.5 y. (range
17–99);
Male 64%

NA

In case of coagulase-negative
staphylococci, the isolates were
considered clinically significant (true
bacteraemia) if two or more bottles
yielded the same microorganism.

Søgaard et al.
(2021) [29]

Single center
retrospective
observational study
(Switzerland)

Both ICU
and non-ICU

162 hospitalized
patients with
COVID-19 (RT-PCR),
Age 64.4 y.
[50.4–74.2]
Male 61.1%

NA

Community-acquired bloodstream
infection
pathogen from a blood culture
taken within 48 h of hospitalization.
Hospital-acquired bloodstream
infection
pathogen from a blood culture taken
48 h or more after hospitalization.

Soriano et al.
(2021) [31]

Single center
restrospective
observational study
(Spain)

ICU

83 patients with
COVID-19 (RT-PCR)
admitted to ICU,
Age 61.2 y. ± 10.4,
Male 79.5%

NA NA

Suarez de la
Rica
et al.(2021)
[32]

Single center
retrospective study
(Spain)

ICU

107 patients with
COVID-19 (RT-PCR),
admitted to ICU,
Age 62.2 y. ± 10.6,
Male 71%

NA

Nosocomial bacteremia
positive blood cultures recovered at
least 48 h after the hospital admission.
Coagulase-negative staphylococci
considered as contaminants (only one
positive blood culture) were excluded

Thelen et al.
(2021) [20]

Multicenter
retrospective cohort
study
(The Netherlands)

Both ICU
and non-ICU

678 hospitalized
patients with
COVID-19 (RT-PCR),
Age 70 y. [58–78],
Male 65%

653 patients with
influenza A or B
(RT-PCR)

Bacteria were categorized as likely
contaminants if they were affiliated to
groups that represent commensal skin
microbiota and were defined in the
patient’s medical record as a
contaminant by the Department of
Medical Microbiology. Blood cultures
were collected within a time interval
of 48 h before and after the RT-PCR
test

Vaughn et al.
(2020) [11]

Multicenter
retrospective
observational study
(USA)

Both ICU
and non-ICU

1705 hospitalized
patients with
COVID-19,
Age y. 64.7 [53–76.7],
Male 52%

NA

Community onset bacterial
coinfections were identified by blood
culture positive for a typically
pathogenic bacterium

Wang et al.
(2021) [19]

Multicenter
retrospective
observational cohort
study
(UK)

Both ICU
and non-ICU

1396 hospitalized
patients with
COVID-19 (RT-PCR),
Age 67.4 y. ± 16.2,
Male 64.7%

NA

Microbiological specimens taken
within 48 h of admission.
Two senior consultant microbiologists
reviewed the clinical significance of
the test results and the likelihood of
contamination or colonization based
on the nature of the isolated
organisms
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Table 1. Cont.

Authors
(Year)

Design of the Study
(Country) Setting Population Comparison Group

(non COVID-19): Definitions

Wendel
Garcia et al.
(2020) [46]

Multicenter
prospective
observational cohort
study
(EU)

ICU

639 patients with
COVID-19 admitted
to ICU (data
presented on 398
patients who reached
the outcome of
discharged/dead)
Age 63 [53–71]; Male
75%

NA
Bacteraemia and fungaemia were
defined as positive blood cultures for
a bacterial or fungal pathogen

Zhang et al.
(2020) [51]

Multicenter
retrospective cohort
study
(China)

Both ICU
and non-ICU

38 patients with
severe or critical
COVID-19,
Age 64.76 y. ± 13.76,
Male 84%

NA

Secondary infection clinical
symptoms or positive radiologic
evidence and a positive
laboratory-confirmed aetiologic result
(culture positive or mNGS positive
confirming by RT–PCR) after 48 h of
admission. The final diagnosis of
causative agents was made according
to the clinical physician expert groups’
discussion results

Zhou et al.
(2020) [23]

Multicenter
retrospective
observational study
(China)

Both ICU
and non-ICU

195 patients with
COVID-19 (RT-PCR),
admitted to ICU,
Age 66 y. [56–76],
Male 66.7%

NA NA

3.2. Outcomes

All the included studies reported the occurrence of BSI in cohorts of hospitalized
patients with COVID-19. The pooled estimated occurrence of BSI was 7.3% (95% CI
4.7–1.1%; 1324/42,694 patients; I2 = 98%; Figure 2a).

Fourteen studies [6,10,18,20,27,28,32,34,35,38,42,46,50,55] reported data on mortality
in patients with COVID-19 and BSI. The pooled estimated occurrence of mortality (at the
longest available follow-up) was 41% (95% CI 30%–52.8%; 189/482 patients; I2 = 78%;
Figure 3).

3.3. Sensitivity and Subgroup Analyses

The pooled estimate of the occurrence of BSI in patients admitted to ICUs was 29.6%
(95% CI 21.7%–38.8%; 558/2487 patients; I2 = 93%; Figure 2b).

Concerning the occurrence of BSI based on the number of centers, the pooled estimate
was 4.7% (95% CI 2.5–8.7%; 670/14,169 patients; I2 = 98%; Figure S1, Supplementary Mate-
rial) when considering only multicenter studies and 9.1% (95% CI 4.9–16.5%; 654/28,525
patients; I2 = 98%; Figure S2, Supplementary Material) when considering only single center
studies.

In the post-hoc subgroup analysis, considering only data from studies specifically
addressing hospital-acquired BSI, the pooled estimate of the occurrence of BSI was 12.2%
(95% CI 6.6%–21.3%; 606/9839 patients; I2 = 98%; Figure S3, Supplementary Material).

We also conducted a sensitivity analysis considering the occurrence of BSI patients
without COVID-19, in comparison with those with COVID-19. Eleven studies provided
data on a comparison group, but one study [18] did not provide the denominator to
calculate the occurrence. Thus, in this analysis, 10 studies [6,10,12,16,20,22,27,28,35,44]
providing unadjusted data on occurrence of BSI in the comparison group were included.
There was found a significantly higher risk of BSI in patients with COVID-19 compared to
patients without COVID-19 (OR 2.18; 95% CI 1.35–3.51; p < 0.001; I2 = 79%; Figure 4).
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also in line with the previously estimated prevalence of BSIs in adult patients with sepsis 
or septic shock [1,57] and almost double than the prevalence of BSIs in cohorts of adult 
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Figure 4. Occurrence of bloodstream infection in patients with COVID-19 compared with patients
without COVID-19. Forest plot with the results of the sensitivity analysis on the occurrence of BSI in
patients with COVID-19 compared to patients without COVID-19. BSI, bloodstream infection; CI,
confidence interval; Ctrl, controls; Ev, events; Trt, total.

4. Discussion

To the best of our knowledge, this is the most updated systematic review and meta-
analysis estimating the occurrence of BSIs among hospitalized patients with COVID-
19. Our main finding was that around 7% of hospitalized patients with COVID-19 may
experience a BSI. This data was comparable with that measured among hospitalized
patients prior to the pandemic [56]. Interestingly, around one out of three patients with
COVID-19, once admitted to ICU, may have a clinical course complicated by a BSI. This
finding is also in line with the previously estimated prevalence of BSIs in adult patients
with sepsis or septic shock [1,57] and almost double than the prevalence of BSIs in cohorts
of adult patients admitted to ICU [58].

A higher occurrence of BSI in patients with COVID-19 was also observed, in compar-
ison with patients without COVID-19 (OR 2.77; 95% CI 1.53–5.02; p < 0.001). Although
caution is needed considering this result, coming from an unadjusted analysis, the de-
velopment of a BSI in patients with COVID-19 may share some risk factors with other
superinfections, frequently observed in patients with COVID-19 [5,59]. Hospital and ICU
overcrowding, a difficult application of infection prevention strategies while using PPE in
such settings, patients’ immunological impairment, and the frequent need for central lines
can be counted as risk factors specifically belonging to patients with COVID-19.

During the early phases of the pandemic, many centers supported the protocolized
administration of antibiotic therapy at the time of diagnosis or hospital admission due to
COVID-19. Considering our data, in addition to what was already issued on the topic [60],
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that approach may not be probably justified by the real occurrence of superinfections, and
a tailored approach is needed. A clinical suspect should still probably remain the condictio
sine qua non to consider the beginning of an antibiotic therapy in patients with COVID-19,
taking into account that those admitted to ICU may deserve specific attention.

Our study has strengths, such as the comprehensive search, the methodology, and
the reporting according to PRISMA 2020 [7], the large number of studies and patients
evaluated, and the geographical variety of the settings. Moreover, incompletely reported
data were retrieved from the corresponding authors when feasible. Our analysis also has
limitations. The nature of this study was descriptive, and no analysis was performed to
look for associations with potential risk factors. Our analysis also had a high statistical
heterogeneity. The high statistical heterogeneity across the studies may be attributed
to the different criteria used to include patients, based on the origin of the infection
(i.e., community-acquired, hospital-acquired, ICU-acquired), the variable sampling rate,
or the different settings (i.e., ICU or non-ICU wards). Other factors, such as patients’
characteristics or clinical severity may also explain heterogeneity. However, we tried to
reduce the impact of heterogeneity with several pre-planned sensitivity and subgroup
analyses. Data on causative microorganisms were also heterogeneously reported across
the studies; thus, we decided to report them as per the authors’ descriptions, and we did
not perform any quantitative analysis on causative microorganisms.

5. Conclusions

A total of 7% of hospitalized patients with COVID-19 may experience BSI with a
mortality rate of around 40%. Almost 30% of patients admitted to the ICU may develop
BSI during their ICU stay. Hospitalized patients with COVID-19 may have three-times
higher odds of developing BSI than patients without COVID-19.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/microorganisms9102016/s1, PDF S1: Search strategy; PDF S2: Figure S1: Forest plot with the
results of the subgroup analysis conducted on the occurrence of bloodstream infections in patients
with COVID-19 in multicenter studies; Figure S2: Forest plot with the results of the subgroup
analysis conducted on the occurrence of bloodstream infections in patients with COVID-19 in single
center studies; Figure S3: Forest plot with the result of the post-hoc subgroup analysis, considering
only data from studies specifically addressing hospital-acquired bloodstream infections; Table S1:
PRISMA Main Checklist and PRISMA Abstract Checklist; Table S2: Characteristics of bloodstream
infections and isolates, Table S3: Quality assessment of studies according to MINORS score for
non-comparative studies; Table S4: Quality assessment of studies according to MINORS additional
score for comparative studies; Excel S1: Full search output.
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