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Pathogen Species Is Associated With Mortality in 
Nosocomial Bloodstream Infection in Patients With 
COVID-19
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Background. The epidemiology of nosocomial bloodstream infections (NBSIs) in patients with coronavirus disease 2019 
(COVID-19) is poorly understood, due in part to substantial disease heterogeneity resulting from multiple potential pathogens.

Methods. We identified risk factors for NBSIs and examined the association between NBSIs and mortality in a retrospective 
cohort of patients hospitalized with COVID-19 in 2 New York City hospitals during the height of the pandemic. We adjusted for the 
potential effects of factors likely to confound that association, including age, race, illness severity upon admission, and underlying 
health status.

Results. Between January 1 and October 1, 2020, 1403 patients had a positive blood culture, and 79 and 101 met the stringent 
criteria for NBSI among non-COVID-19 and COVID-19 patients, respectively. NBSIs occurred almost exclusively among patients 
who were severely ill with COVID-19 at hospital admission. NBSIs were associated with elevated mortality, even after adjusting for 
baseline differences in COVID-19 illness (55% cases vs 45% controls; P = .13). Mortality was concentrated in patients with early-
onset pneumonia caused by S. aureus and gram-negative bacteria. Less virulent Candida (49%) and Enterococcus (12%) species were 
the predominant cause of NBSI in the latter stages of hospitalization, after antibiotic treatment and COVID-19 treatments that atten-
uate immune response. Most Enterococcus and Candida infections did not have an identifiable source and were not associated with 
common risk factors for infection by these organisms.

Conclusions. Pathogen species and mortality exhibited temporal differences. Early recognition of risk factors among COVID-19 
patients could potentially decrease NBSI-associated mortality through early COVID-19 and antimicrobial treatment.
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Since the pandemic onset, coronavirus disease (COVID-19) 
mortality rates in US hospitals have declined owing to increasing 
experience with the disease, decreased patient-to-caregiver 
ratios, new treatments, and vaccination [1–4]. However, vac-
cine hesitancy, along with the emergence of new viral variants, 

could undo such progress [5]. A better understanding of the 
factors associated with poor COVID-19 outcomes could reduce 
vulnerability during recurrent COVID-19 outbreaks and build 
resilience against future pandemic pathogens.

Bloodstream infections (BSIs) are among the most serious 
medical complications in COVID-19 patients [6-10]. Recent 
work by us and others suggests that gut microbiome dysbiosis 
is associated with bacterial translocation into the blood during 
COVID-19 [11, 12]. Consistent with this idea, a high frequency 
of Candida and Enterococcus species BSI has been described 
among hospitalized COVID-19 patients [13–15]—a finding 
otherwise seen primarily in patients with dysbiosis from cancer 
treatment, in which these microbes translocate from the gut 
[16–18]. The natural history of BSI is poorly defined, in part be-
cause of substantial disease heterogeneity resulting from mul-
tiple potential pathogens, sites of infection, and the clinical time 
course of COVID-19.
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In March 2020, New York City emerged as an epicenter of the 
COVID-19 pandemic [19]. To explore relationships between 
COVID-19, BSI risk, and mortality, we assembled a retrospec-
tive cohort of COVID-19 patients to study BSI epidemiology 
using both matched and unmatched controls. We excluded pa-
tients having a SARS-CoV-2-positive PCR test result but non-
COVID illness. We focused on nosocomial BSI (NBSI) because 
nosocomial infection, rather than coinfection upon hospital ad-
mission, is the primary threat to COVID-19 patients [20]. We 
also excluded skin microbiota from the analysis (eg, coagulase-
negative staphylococci, Bacillus), because skin microbiota can 
represent a high proportion of contaminants in overstretched 
hospitals managing many COVID-19 patients [21], and these 
organisms may not contribute to mortality [22]. These strin-
gent criteria enabled us to examine temporal trends between 
COVID-19 and NBSIs.

METHODS

Setting and Design

We screened for NBSI among all adult COVID-19 patients ad-
mitted to 2 New York University Langone Health (NYULH) 
hospitals—1 that serves an affluent population (Manhattan) and 
1 that serves an underserved population (Brooklyn). Floor beds 
are able to provide intensive care unit (ICU)–level care; con-
sequently, both floors and ICUs managed critically ill patients.

To determine the impact of NBSI on mortality, we compared 
COVID-19 patients with recorded NBSIs with COVID-19 pa-
tients with no record of BSIs. To establish a more comparable 
control group, we generated a subset of matched COVID-19 pa-
tients with no record of NBSI using propensity score matching 
[23].

Data Collection and Definitions

Patient data were extracted from electronic health records and 
by manual chart review. We obtained data on baseline clinical 
characteristics (within 72 hours of admission) and underlying 
comorbidities. Oxygen use was categorized as follows: none 
(no supplementary oxygen), low oxygen (low-flow noninvasive 
supplementary devices), high oxygen (high-flow), noninvasive 
ventilation (Bi-PAP, CPAP), and invasive ventilation (intub-
ated). Time-varying data (eg, steroid use) were collected from 
the admission date forward.

Cases were defined as all patients with a COVID-19 diagnosis 
at the time of admission, a positive SARS-CoV-2 PCR result, 
and a positive blood culture obtained >48 hours after admis-
sion to the hospital (Figure 1). Infectious disease consultation 
notes, admission and primary team notes, and discharge sum-
maries were reviewed by 2 infectious diseases physicians (T.D.F. 
and B.S.) to verify (1) that acute COVID-19 was the primary 
reason for hospitalization, (2) nosocomial onset of BSI (eg, no 
signs/symptoms of BSI at the time of hospital admission), and 

(3) presumed source of NBSI [24]. Patients were categorized 
as having a central venous catheter if it was present within 48 
hours before bacteremia. Mortality was defined as death from 
any cause occurring after the onset of NBSI until December 31, 
2020.

Microbiology

Microorganisms typically belonging to the skin flora, identi-
fied according to Centers for Disease Control and Prevention 
National Healthcare Safety Network Patient Safety Component 
Manual criteria (eg, coagulase-negative staphylococci, 
Micrococcus species, Bacillus species, or diphtheroids [coryne-
bacteria or propionibacteria]) [25], were considered contamin-
ants and were excluded.

Candidemia was identified by both culture and the 
T2Candida panel, a sensitive molecular assay [26, 27], in pa-
tients verified to have infection and to have received treatment 
by chart review. Polymicrobial NBSI was defined by the isola-
tion of a second microbial species (excluding skin microbiota) 
within 72 hours of initial positive blood culture. Patients with 
>1 episode of NBSI during their admission were classified as 
“multiple” NBSI. S. aureus and Enterococcus were considered 
antimicrobial-resistant if they were nonsusceptible to methi-
cillin or vancomycin, respectively. Gram-negative bacteria were 
defined as antimicrobial-resistant if they were nonsusceptible 
to ceftriaxone, piperacillin-tazobactam, cefepime, ceftazidime, 
or a carbapenem.

Statistical Analysis

The Pearson χ2 test was used to compare microorganism fre-
quencies. To examine the independent effect of NBSI on mor-
tality, we first created a predictive model of NBSI that included 
the following set of potentially confounding variables: age, race, 
illness severity upon admission (eg, supplemental oxygen), and 
underlying health status (Charlson Comorbidity index) [28–
30] using the complete COVID-19 cohort. We then calculated 
the estimated propensity score for each subject using nearest 
neighbor propensity score matching (4 controls per case) to 
identify an NBSI-negative control group [31]. To evaluate the 
covariate distribution for the unmatched and matched groups, 
standardized differences were calculated. We also determined 
the effect of COVID-19 treatments before the positive blood 
culture (eg, steroids, interleukin [IL]-6 inhibitors) on NBSI risk 
and mortality.

Kaplan-Meier curves were used to present mortality risk 
over time. Log-rank tests accounting for matched pairing were 
used to test the group difference in mortality risk. We ran a Cox 
proportional hazard model, matching between cases and their 
respective controls and adjusting for covariates, including type 
of microorganism (using “none” as a control), age, and sex. 
We tested the assumption of proportionality using the func-
tion “cox.zph()” in R package “survival.” We also performed 



Pathogen-associated Mortality in NBSI Patients With COVID-19 • OFID • 3

an accelerated failure time model, which does not require such 
stringent assumptions, using the Weibull distribution to eval-
uate survival time [32]. Time ratios (TRs) and 95% CIs were 
calculated to assess the percent change in survival time (100% 
* [TR-1]). Logistic regression was used to estimate odds ratios 
of NBSI onset for different treatments. All statistical analyses 
were performed in R, version 3.6.3 (R Project for Statistical 
Computing).

RESULTS

COVID-19 NBSI Study Population

Between January 1 and October 1, 2020, 1403 inpatients had 
a positive blood culture. We excluded 606 patients with cul-
tures positive for microorganisms likely to be contaminants 
or low-virulence pathogens (Figure 1). Of the 797 remaining 
patients, 224 were not tested for SARS-CoV-2, mostly during 
the period of January to late March 2020, when testing was 
not widely available. Of the 573 BSI patients with a SARS-
CoV-2 PCR test result, 456 tested negative and 117 were 
positive. Chart review confirmed the clinical diagnosis of 

COVID-19 and nosocomial acquisition in 101 of 117 cases. 
Most patients with a negative SARS-CoV-2 PCR test and 
positive culture results did not meet our >48-hour criteria 
for nosocomial infection (374/456). Chart review of SARS-
CoV-2-negative BSI cases (n = 82) occurring >48 hours after 
admission identified 79 patients who met inclusion criteria 
for NBSI controls.

Microbiology of NBSI

Among the 101 COVID-19 patients with NBSI, Candida (49%) 
and Enterococcus (12%) were the leading pathogens (Table 
1). The proportion of BSIs that were due to Candida (Figure 
2) or antimicrobial-resistant bacteria was significantly higher 
after the first week of hospitalization, post-treatment with em-
piric antibiotics, steroids, and/or an IL-6 inhibitor, compared 
with the first week (4/22 [18.2%] vs 51/79 [64.6%]; P = .001). 
In contrast, BSI cases in the first week of hospitalization were 
usually caused by antimicrobial-susceptible bacteria. These ob-
servations suggest that, over time, COVID-19 patients are at 
increasing risk of antimicrobial-resistant NBSI pathogens.

2019 

Blood culture (+) 
(n = 1390) 

BSI (+) 
(n = 808) 

NBSI (+) 
(n = 117) 

Likely contaminants 
(n = 581) 

BSI (+) <48 h 
after admission 

(n = 691) 

BSI (+) <48 h 
after admission 

(n = 374) 

BSI (+) and 
SARS-CoV-2 (–) 

(n = 456) 

NBSI (+) and 
SARS-CoV-2 (–) 

(n = 79) 

2020 

Blood culture (+) 
(n = 1403) 

BSI (+) 
(n = 797) 

BSI (+) and 
SARS-CoV-2 test 

(n = 573) 

Likely contaminants 
(n = 606) 

No SARS-CoV-2 test 
(n = 224) 

BSI (+) and 
SARS-CoV-2 (+) 

(n = 117) 

NBSI (+) and 
SARS-CoV-2 (+) 

(n = 101) 

BSI (+) <48 h 
after admission 

(n = 15) 

Multiple 
patient IDs 

(n = 1) 

Multiple 
patient IDs 

(n = 3) 

Figure 1. Flowchart of patient inclusion. Abbreviations: BSI, bloodstream infection; NBSI, nosocomial bloodstream infection; SARS-CoV-2, severe acute respiratory syn-
drome coronavirus 2.
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NBSI Cases Compared With Non-COVID-19 Controls

To determine whether COVID-19 patients are more likely than 
non-COVID-19 patients to have Candida and Enterococcus BSI, 
we compared clinical characteristics between patients from 2 
time periods: (1) BSI without COVID-19 from February 15 
to December 31, 2020, or (2) hospitalized for any reason from 
January 1 to December 31, 2019 (historical non-COVID-19 co-
hort) (Table 1). The historical non-COVID-19 cohort consisted 
of 117 control cases with NBSI from 2019 out of 1390 patients 
with positive blood cultures. We excluded 581 cases due to po-
tentially contaminating or clinically insignificant organisms 
and 691 that occurred <48 hours after hospital admission.

The prevalence of Candida was >2 times higher in COVID-
19 patients than in patients belonging to either control group 
(Table 1). We did not find significant differences of Enterococcus 
BSI frequencies. However, among patients with NBSI due to 
Candida or Enterococcus (Supplementary Table 1), there were 
significant differences between COVID-19 cases and non-
COVID-19 controls in the 2020 cohort in terms of known risk 
factors for infection by these organisms, the latter having more 
gastrointestinal surgeries, active malignancies, chemotherapy, 
and higher Charlson index score. Gram-negative bacteria were 
more abundant among non-COVID-19 controls. The abun-
dance of Candida and Enterococcus in the absence of obvious 
risk factors suggests that Candida and Enterococcus represent 
distinct complications of COVID-19.

Candida and Enterococcus causing NBSI in COVID-19 pa-
tients were recovered from the urine or sputum in only 4 of 
62 instances (6%). COVID-19 patients with NBSI were more 
likely to have a central venous catheter (CVC) than controls 

(Supplementary Table 1). Less than 5% were associated with 
femoral catheters, which are highest risk for BSI.

In contrast to NBSI with Candida and Enterococcus, where 
few patients had these organisms isolated from sites other than 
blood, COVID-19 patients with S. aureus or gram-negative 
NBSI had the same organisms recovered in respiratory cultures 
in 7 of 9 (77%) and 9 of 11 (80%) instances, respectively. NBSI in 
these cases most often occurred after endotracheal intubation, 
an important risk factor for bacterial pneumonia [33]. Indeed, 
all patients with S. aureus or gram-negative NBSI developed 
clinical signs of pneumonia (eg, fever, purulent secretions, ra-
diology changes) and were treated for nosocomial pneumonia.

Mortality of NBSI Among Patients With and Without COVID-19

During the study period, we identified a control population of 
3273 SARS-CoV-2 PCR test-positive patients without BSI who 
were admitted for COVID-19. Baseline inflammatory markers 
(eg, C-reactive protein) were elevated in almost all patients 
(Table 2). COVID-19 patients with NBSI were substantially dif-
ferent from COVID-19 patients without NBSI before matching; 
patients with NBSI were younger, more likely to be male and 
non-Hispanic White, required more oxygen at the time of hos-
pitalization, and had different comorbidities.

Propensity score matching resulted in a well-balanced control 
group of 404 patients (SDS < 0.1 for all matching covariates). 
The number of patients requiring a ventilator at admission be-
tween groups was not significantly different (49.5% among cases 
vs 47.0% among matched controls; SDS = 0.08). The absolute 
difference in in-hospital mortality risk between BSI (+) patients 
and BSI (-) unmatched patients was 31.5% (54.5% vs 23.0%; 95% 

10

5N
um

be
r 

of
 p

at
ie

nt
s

0 0
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40

60

80

Microorganism

Candida

Enterococcus

Gram-negative

Staphylococcus
aureus

2 3 5 7 9
Days from admission

11 13 15 >15

Figure 2. Histogram of time of diagnosis of bloodstream infection by pathogen species among patients with COVID-19. Abbreviation: COVID-19, coronavirus disease 2019.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac083#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac083#supplementary-data


6 • OFID • Gago et al

Ta
bl

e 
2.

 
Pa

tie
nt

 D
em

og
ra

ph
ic

 a
nd

 C
lin

ic
al

 C
ha

ra
ct

er
is

tic
s 

B
ef

or
e 

an
d 

A
fte

r P
ro

pe
ns

ity
 S

co
re

 M
at

ch
in

g

Va
ria

bl
es

a 

 
U

nm
at

ch
ed

 
 

M
at

ch
ed

 
 

C
O

V
ID

-1
9 

(+
) &

 B
S

I (
+

) 2
02

0 
(n

 =
 1

01
)

C
O

V
ID

-1
9 

(+
) &

 B
S

I (
-) 

20
20

 (n
 =

 3
27

3)
S

D
S

C
O

V
ID

-1
9 

(+
) &

 B
S

I (
-) 

20
20

 (n
 =

 4
04

)
S

D
S

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic

 
 A

ge
, m

ea
n 

(S
D

), 
y

61
.0

 (1
5.

5)
64

.1
 (1

6.
9)

0.
2

60
.8

 (1
5.

4)
0.

01

 
 S

ex
, N

o.
 (%

)
0.

36
0.

03

 
 

 Fe
m

al
e

24
 (2

3.
8)

13
27

 (4
0.

5)
91

 (2
2.

5)

 
 

 M
al

e
77

 (7
6.

2)
19

46
 (5

9.
5)

31
3 

(7
7.

5)

 
 R

ac
e,

 N
o.

 (%
)

0.
3

0.
09

 
 

 A
si

an
10

 (9
.9

0)
21

3 
(6

.5
1)

32
 (7

.9
2)

 
 

 B
la

ck
 7

 (6
.9

3)
49

7 
(1

5.
2)

30
 (7

.4
3)

 
 

 H
is

pa
ni

c
28

 (2
7.

7)
92

3 
(2

8.
2)

11
6 

(2
8.

7)

 
 

 O
th

er
/m

ul
tir

ac
ia

l
 9

 (8
.9

1)
29

8 
(9

.1
0)

37
 (9

.1
6)

 
 

 U
nk

no
w

n
 4

 (3
.9

6)
 9

6 
(2

.9
3)

12
 (2

.9
7)

 
 

 W
hi

te
43

 (4
2.

6)
12

46
 (3

8.
1)

17
7 

(4
3.

8)

C
lin

ic
al

 c
ha

ra
ct

er
is

tic

 
 M

ax
im

um
 o

xy
ge

nb  (fi
rs

t 
72

 h
), 

N
o.

 (%
)

1.
48

0.
08

 
 

 N
on

e
 2

 (1
.9

8)
42

6 
(1

3.
6)

11
 (2

.7
2)

 
 

 Lo
w

 o
xy

ge
n

 3
 (2

.9
7)

13
15

 (4
2.

0)
11

 (2
.7

2)

 
 

 H
ig

h 
ox

yg
en

20
 (1

9.
8)

64
6 

(2
0.

6)
79

 (1
9.

6)

 
 

 N
on

in
va

si
ve

 v
en

til
at

io
n

26
 (2

5.
7)

38
1 

(1
2.

2)
11

3 
(2

8.
0)

 
 

 M
ec

ha
ni

ca
l v

en
til

at
io

n
50

 (4
9.

5)
36

5 
(1

1.
7)

19
0 

(4
7.

0)

 
 C

ha
rls

on
 s

co
re

, m
ea

n 
(S

D
)

2.
57

 (1
.8

4)
2.

13
 (2

.1
2)

0.
24

2.
49

 (2
.1

5)
0.

06

 
 B

M
I, 

m
ea

n 
(S

D
), 

kg
/m

2
29

.4
 (6

.6
9)

30
.4

 (7
.7

0)
0.

15
30

.2
 (7

.4
5)

0.
01

 
 Te

m
pe

ra
tu

re
, m

ea
n 

(S
D

), 
°F

99
.9

 (1
.8

2)
99

.5
 (1

.9
7)

0.
2

99
.4

 (3
.5

7)
0.

18

 
 Fe

ve
r, 

N
o.

 (%
)

 9
2 

(9
1.

1)
 2

91
4 

(9
3.

3)
0.

08
 3

67
 (9

2.
0)

0.
03

D
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic

 
 A

ge
 g

ro
up

, N
o.

 (%
)

0.
22

0.
13

 
 

 0–
39

12
 (1

1.
9)

26
8 

(8
.5

7)
44

 (1
0.

9)

 
 

 40
–4

9
9 

(8
.9

1)
31

7 
(1

0.
1)

47
 (1

1.
6)

 
 

 50
–5

9
15

 (1
4.

9)
57

2 
(1

8.
3)

70
 (1

7.
3)

 
 

 60
–6

9
31

 (3
0.

7)
 7

37
 (2

3.
6)

12
4 

(3
0.

7)

 
 

 70
+

34
 (3

3.
7)

12
34

 (3
9.

5)
11

9 
(2

9.
5)

C
om

or
bi

di
ty

, N
o.

 (%
)

 
 M

yo
ca

rd
ia

l i
nf

ar
ct

io
n

23
 (2

2.
8)

45
8 

(1
4.

0)
0.

23
67

 (1
6.

6)
0.

16

 
 C

on
ge

st
iv

e 
he

ar
t 

fa
ilu

re
11

 (1
0.

9)
57

2 
(1

7.
5)

0.
18

43
 (1

0.
6)

0.
01

 
 P

V
D

12
 (1

1.
9)

48
5 

(1
4.

8)
0.

08
68

 (1
6.

8)
0.

14

 
 C

er
eb

ro
va

sc
ul

ar
 d

is
ea

se
31

 (3
0.

7)
42

4 
(1

3.
0)

0.
45

98
 (2

4.
3)

0.
15

 
 D

em
en

tia
9 

(8
.9

1)
32

4 
(9

.9
0)

0.
03

26
 (6

.4
4)

0.
02

 
 Pu

lm
on

ar
y 

di
se

as
e

0.
1

 
 

 C
hr

on
ic

 d
is

ea
se

21
 (2

0.
8)

82
4 

(2
5.

2)
0.

1
88

 (2
1.

8)
 0

.0
2



Pathogen-associated Mortality in NBSI Patients With COVID-19 • OFID • 7

Va
ria

bl
es

a 

 
U

nm
at

ch
ed

 
 

M
at

ch
ed

 
 

C
O

V
ID

-1
9 

(+
) &

 B
S

I (
+

) 2
02

0 
(n

 =
 1

01
)

C
O

V
ID

-1
9 

(+
) &

 B
S

I (
-) 

20
20

 (n
 =

 3
27

3)
S

D
S

C
O

V
ID

-1
9 

(+
) &

 B
S

I (
-) 

20
20

 (n
 =

 4
04

)
S

D
S

 
 

 A
st

hm
a

5 
(4

.9
5)

37
7 

(1
2.

03
)

0.
52

 4
7 

(1
1.

6)
 0

.5
1

 
 

 C
O

P
D

10
 (9

.9
0)

36
9 

(1
1.

8)
0.

07
32

 (7
.9

)
 0

.1
1

 
 R

A
/C

V
D

2 
(1

.9
8)

11
4 

(3
.4

8)
0.

09
15

 (3
.7

1)
0.

1

 
 Li

ve
r 

di
se

as
e

 9
 (8

.9
1)

 5
7 

(1
.7

4)
0.

33
15

 (3
.7

1)
0.

26

 
 Pe

pt
ic

 u
lc

er
 d

is
ea

se
 6

 (5
.9

4)
10

6 
(3

.2
4)

0.
14

17
 (4

.2
1)

0.
08

 
 D

ia
be

te
s

49
 (4

8.
5)

12
56

 (3
8.

4)
0.

2
21

4 
(5

3.
0)

0.
09

 
 H

em
ip

le
gi

a/
pa

ra
pl

eg
ia

14
 (1

3.
9)

 9
4 

(2
.8

7)
0.

42
18

 (4
.4

6)
0.

3

 
 R

en
al

 d
is

ea
se

24
 (2

3.
8)

86
5 

(2
6.

4)
0.

06
13

1 
(3

2.
4)

0.
18

 
 E

nd
-s

ta
ge

 r
en

al
 d

is
ea

se
3 

(2
.9

7)
19

8 
(6

.3
2)

0.
14

40
 (9

.9
0)

0.
08

 
 C

an
ce

r
11

 (1
0.

9)
36

0 
(1

1.
0)

0.
00

45
 (1

1.
1)

0.
03

 
 M

et
as

ta
tic

 tu
m

or
 2

 (1
.9

8)
10

5 
(3

.2
1)

0.
07

13
 (3

.2
2)

0.
02

 
 A

ID
S

/H
IV

 1
 (0

.9
9)

 1
9 

(0
.5

8)
0.

05
 5

 (1
.2

4)
0.

05

 
 

 In
de

x
0.

42

 
 

 ≥5
31

 (3
0.

7)
83

6 
(2

5.
5)

13
3 

(3
2.

9)

 
 

 3–
4

26
 (2

5.
7)

51
6 

(1
5.

8)
52

 (1
2.

9)
0.

34

 
 

 1–
2

33
 (3

2.
7)

11
12

 (3
4.

0)
17

5 
(4

3.
3)

 
 

 0
11

 (1
0.

9)
80

9 
(2

4.
7)

44
 (1

0.
9)

 
 D

N
R

 s
ta

tu
s

0.
17

 
 D

N
R

30
 (2

9.
7)

71
8 

(2
1.

9)
12

1 
(3

0.
0)

N
o 

D
N

R
71

 (7
0.

3)
25

55
 (7

8.
1)

28
3 

(7
0.

0)
0.

03

La
bo

ra
to

ry
 v

al
ue

s

 
 W

B
C

, m
ea

n 
(S

D
), 

1 
×

 1
09  c

el
ls

9.
39

 (5
.4

9)
8.

46
 (1

0.
2)

0.
12

10
.6

 (2
6.

0)

 
 

 N
eu

tr
op

hi
l, 

m
ea

n 
(S

D
), 

%
81

.8
 (9

.8
9)

76
.9

 (1
1.

4)
0.

44
80

.7
 (1

0.
5)

 
 

 Ly
m

ph
oc

yt
e,

 m
ea

n 
(S

D
), 

%
10

.7
 (7

.9
7)

14
.1

 (9
.3

6)
0.

38
11

.8
 (9

.2
2)

0.
05

 
 H

em
og

lo
bi

n,
 m

ea
n 

(S
D

), 
g/

dL
13

.5
 (1

.9
0)

12
.9

 (2
.0

6)
0.

3
12

.9
 (2

.2
3)

0.
07

 
 P

la
te

le
ts

 (×
10

00
), 

m
ea

n 
(S

D
), 

µ/
L

 2
30

 (1
08

)
 2

30
 (1

02
)

0.
01

 2
27

 (1
01

)
0.

08

 
 Tr

op
on

in
, m

ea
n 

(S
D

), 
ng

/m
L

0.
19

 (0
.4

3)
0.

26
 (1

.6
2)

0.
06

0.
37

 (1
.0

8)
0.

27

 
 A

ST
, m

ea
n 

(S
D

), 
U

/L
—

97
.0

 (8
7.

5)
0.

13
59

.6
 (6

2.
9)

0.
03

 
 LD

H
, m

ea
n 

(S
D

), 
U

/L
 5

14
 (1

93
)

56
6 

(3
05

)
0.

18
 5

29
 (2

75
)

0.
22

 
 P

T/
IN

R
, m

ea
n 

(S
D

)
16

.9
 (1

4.
4)

1.
39

 (1
.0

5)
0.

21
14

.6
 (5

.9
9)

0.
72

In
fla

m
m

at
or

y 
m

ar
ke

rs
0.

4

 
 Pr

oc
al

ci
to

ni
n,

 m
ea

n 
(S

D
), 

ng
/m

L
2.

84
 (1

5.
9)

1.
22

 (5
.5

8)
0.

13
2.

24
 (1

1.
7)

0.
19

 
 C

R
P,

 m
ea

n 
(S

D
), 

m
g/

dL
16

3 
(9

9.
3)

15
9 

(8
6.

9)
0.

07
15

8 
(9

0.
1)

 
 D

-d
im

er
, m

ea
n 

(S
D

), 
ng

/m
L

17
83

 (2
70

5)
13

22
 (3

69
4)

0.
13

20
78

 (5
31

5)
0.

14

 
 Fe

rr
iti

n,
 m

ea
n 

(S
D

), 
ng

/m
L

14
14

 (1
63

8)
19

82
 (3

18
4)

0.
21

17
41

 (2
84

6)
0.

44

O
ut

co
m

e,
 N

o.
 (%

)
0.

07

 
 Le

ng
th

 o
f 

st
ay

44
.0

 (3
1.

9)
10

.6
 (1

5.
3)

1.
41

17
.2

 (1
8.

4)
0.

09

 
 A

liv
e

64
.6

 (3
2.

8)
9.

66
 (1

2.
3)

20
.8

 (2
1.

4)

Ta
bl

e 
2.

 
Co

nt
in

ue
d



8 • OFID • Gago et al

CI, 21.7%–40.9%). When compared with propensity-scored BSI 
(-) matched controls, mortality risk among those with NBSI re-
mained higher by 9.5% (54.5% vs 45.0%), but the adjusted ob-
served difference was not statistically significant, as confidence 
intervals were wide and overlapped (95% CI, 44.2%–64.4% vs 
40.1%–50.0%). Thus, while NBSI may be associated with mod-
erately increased risk of mortality in patients with COVID-19, 
we cannot rule out the possibility that the observed difference 
was due to chance.

Kaplan-Meier mortality curves for cases and matched con-
trols indicated no overall difference between the 2 curves 
(Figure 3A). However, curves stratified by microorganism 
species (Figure 3B) indicated that mortality was significantly 
concentrated in S. aureus and gram-negative NBSI early after 
hospitalization. Patients with Candida alone did not have a 
higher risk of mortality compared with those without NBSI. 
Thus, although Candida and Enterococcus were the predomi-
nant pathogens in NBSI, S. aureus and gram-negative bacteria 
were possibly the most deadly.

COVID-19-positive patients were administered several types 
of antibiotics, antifungals, and immunosuppressive agents, 
namely steroids and the IL-6 inhibitor tocilizumab (the most 
commonly used IL-6 inhibitor at our institution). Sensitivity 
analyses using different treatments to stratify mortality revealed 
that tocilizumab significantly reduced mortality in both the 
NBSI and non-NBSI COVID-19 patient groups (Supplementary 
Figure 1).

Adjusted Mortality Models

To define potential independent predictors of mortality, we 
initially compared COVID-19 NBSI and matched cases using 
an accelerated failure time (AFT) Weibull model using type 
of microorganism, age, and sex as covariates, as cases and the 
matched control group did not meet the assumption of propor-
tionality required for Cox-PH modeling (P < .001). Both the 
AFT model and the Cox-PH model (shown for comparative 
purposes) showed that patients with NBSI had a decreased sur-
vival time for all organisms except Candida. Additionally, older 
age and male gender decreased survival (Table 4).

Gram-negative and S. aureus NBSI time ratios (TRs) were 
shortened, the latter significantly (TR, 0.51 and 0.15; P = .22 
and <.01, respectively). In contrast, the TR for Candida was 
1.33 (P = .41). Time ratios were also decreased with age (TR, 
0.94; P < .01) and male gender (TR, 0.71; P = .2). In sum, pa-
tients with S. aureus and gram-negative NBSI had a shorter sur-
vival compared with both patients without NBSI and patients 
with NBSI due to Candida.

Length of Stay

The average length of stay (SD) was 44 (31.9) days among NBSI 
cases, compared with 10.6 (15.3) days and 17.2 (18.4) days 
for unmatched and matched non-NBSI controls, respectively. Va
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Figure 3. Kaplan-Meier survival curves. A, Mortality of COVID-19 patients with NBSI vs matched controls without NBSI. B, Mortality of COVID-19 patients with NBSI by 
microorganism. Log-rank tests were used to determine P values. Abbreviations: COVID-19, coronavirus disease 2019; NBSI, nosocomial bloodstream infection; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2.
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When stratified by living status, NBSI cases who survived had 
the longest hospitalizations (64.6 [32.8] days), while those 
who did not survive averaged 26.8 (17.9) days in the hospital. 
Likewise, matched survivors had longer lengths of stay com-
pared with those who died (20.8 [21.4] days and 12.9 [12.7] 
days, respectively). Unmatched controls showed the opposite 
pattern: Whereas those who died stayed 11.7 (11.0) days, sur-
vivors stayed 9.66 (12.3) days. Thus, survival increases with 
increasing length of stay in NBSI patients and matched controls 
with severe COVID-19, but not in unmatched controls with 
mild disease, with implications for prediction of hospital mor-
tality and length of stay from risk factors on admission.

Antibiotic and Tocilizumab Use Before NBSI and Risk of NBSI

Ceftriaxone, azithromycin, and hydroxychloroquine were widely 
prescribed among both cases and controls (Table 3). In contrast, 
NBSI cases received tocilizumab and steroids, broad-spectrum 
antimicrobials (vancomycin, meropenem, and piperacillin-
tazobactam), and antifungals (micafungin and fluconazole) 
more frequently. Thus, NBSI cases received more aggressive 
treatment than non-NBSI controls. We also analyzed the odds 
of developing NBSI linked to COVID-19 treatments using a uni-
variate logistic model with NBSI as the outcome. Tocilizumab 
did not predict NBSI (Supplementary Table 2). However, patients 
treated with piperacillin-tazobactam, vancomycin, meropenem, 
and hydrocortisone had higher odds of having NBSI compared 
with those not receiving those treatments.

DISCUSSION

Our results suggest that, early on, intubation promotes bac-
teremic pneumonia by S. aureus and gram-negative bacteria. 

Later, COVID-19 creates an environment that promotes intes-
tinal acquisition and/or expansion of pathogenic microbes, es-
pecially resistant bacteria and organisms intrinsically resistant 
to antibiotics, such as Candida. Our data also show that NBSI in 
COVID-19 patients is dominated by Candida and Enterococcus 
that arise without a defined portal of entry into the host.

Although it is not possible to definitively state to what ex-
tent translocation played a role in Candida and Enterococcal 
NBSIs, at least 4 observations suggest that such infections are 
primarily translocation-associated. First, use of femoral cath-
eters that are high risk for catheter-associated NBSI was un-
common in our population. Second, COVID-19 patients with 
Candida or Enterococcus NBSI showed an imbalance in condi-
tions known to facilitate translocation (eg, abdominal surgery, 
cancer chemotherapy) and alternative routes (eg, urinary tract 
infection) that predispose patients to infection with these or-
ganisms, compared with COVID-19-negative controls. Third, 
NBSIs due to Candida and antimicrobial-resistant bacteria, es-
pecially vancomycin-resistant Enterococcus, arose in the later 
stages of hospitalization, after treatment with antimicrobials, 
steroids, or IL-6 inhibitors. SARS-CoV-2 infection and treat-
ments targeting the COVID-19 hyperinflammatory state may 
fuel gut injury (eg, steroids, IL-6 inhibitors) [34–37], and in-
testinal overgrowth under antimicrobial pressure is known to 
precede translocation of Candida and Enterococcus [16–18]. 
Finally, an analysis of gut microbiota in patients with COVID-
19 belonging to our study cohort showed that BSI was associ-
ated with gastrointestinal overgrowth by the same organisms 
[12], as seen in patients undergoing allogeneic hematopoietic 
stem cell transplantation [17, 18]. Additionally, recent work 
demonstrates that COVID-19 patients have increased bacte-
rial products [38] and gut microbes [11] in their bloodstream. 
Collectively, these observations support the hypothesis that 
gut translocation may contribute to the pathogenesis of NBSI 
in patients with COVID-19. An alternative but non–mutually 
exclusive hypothesis is that environmental contamination leads 
to exogenous entry of the organism into the bloodstream via 
catheter use [39].

Our data also suggest that NBSI increases mortality; COVID-
19 patients who developed NBSI had an increased risk of death 
compared with propensity-matched controls. However, while 
mortality between the COVID-19 patients with NBSI and 
matched controls without NBSI was not significant, the slope de-
clined most precipitously in patients without NBSI. This finding 
could reflect survivor bias (patients must survive long enough 
to be classified as acquiring NBSI). However, patients without 
NBSI who died early were older and more frail than those with 
NBSI, which suggests a potential interaction between COVID-
19 treatment and subsequent NBSI. In this scenario, treatment 
improves survival of otherwise healthy but critically ill COVID-
19 patients but might also have negative consequences for im-
mune and microbiota-based clearance mechanisms that control 

Table 4. Mortality Survival Time Ratios Using Accelerated Failure Time 
Model (Adjusted by Sex and Age)

 COEF Time-Varying HRa SE P Value 

Microorganisms

  Candida 0.286 1.33 0.35 .41

  Enterococci –0.125 0.88 0.59 .83

  Gram-negative –0.679 0.51 0.56 .22

  Polymicrobial –0.829 0.44 0.75 .27

  S. aureus –1.899 0.15 0.61 .002

Demographics

Age –0.066 0.94 0.01 <.001

Sex

  Female Ref. Ref.

  Male –0.337 0.71 0.27 .2

Constant 9.661 15 693.47 0.658 <.001

Scale = 1.64

Bold formatting indicates statistical significance where the chance of a type I error is 5% 
or less.

Abbreviations: COEF, coefficient; HR, hazard ratio.
aTime ratios >1 indicate that the effect of a covariate prolongs survival time, while time 
ratios <1 indicate a shorter survival time.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac083#supplementary-data
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infection, thereby predisposing patients to NBSI. Consistent 
with this idea, length of stay and mortality were inversely cor-
related in COVID-19 patients with NBSI. This finding may ex-
plain why mortality does not increase with candidemia, which 
primarily occurred after a prolonged length of hospital stay.

NBSI mortality was found to be significantly concentrated 
in patients with S. aureus and gram-negative nosocomial 
pneumonia (NP). S. aureus NP is a frequent complication in 
mechanically ventilated COVID-19 patients [40–42], and bac-
teremia is an independent risk factor for mortality in NP [43]. 
Evidently, COVID-19/bacteremic NP is a combination that kills 
patients at high frequency.

The present work has several limitations. First, our observa-
tional cohort data were obtained from 2 hospitals during the 
pandemic surge; whether NBSI patterns predict outcome in dif-
ferent scenarios, such as in a partially vaccinated population, 
will need to be tested. Second, correlations between NBSI and 
outcome may reflect factors we did not account for, such as man-
aging high numbers of critically unwell patients and digression 
from infection prevention procedures. Third, use of clinical cri-
teria and the T2Candida panel for the diagnosis of pneumonia 
and candidemia, respectively, may lead to overdiagnosis, po-
tentially increasing the rate of overall disease detected and the 
proportion of cases that may be linked to NBSI and mortality.

In conclusion, NBSI is associated with mortality in hospital-
ized patients with severe COVID-19, depending on the species. 
Our findings suggest that early recognition of risk factors and 
treatment of NBSI are indicated. However, without accurate pre-
dictors of NBSI to guide clinicians, increased use of active agents 
could further shift species from a preponderance of susceptible 
organisms to more frequent isolation of antibiotic-resistant and 
Candida species. Accordingly, improved prediction models, 
potentially using immunological and microbiota markers, are 
needed. Improved prediction of NBSI could decrease morbidity 
and mortality by increasing early antimicrobial treatment for 
COVID-19 patients at risk for BSI and by reducing unnecessary 
antimicrobials for patients at low risk of infection.
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