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Objectives: The aim of our study was to describe the incidence and predictive factors of secondary in-
fections in patients with coronavirus disease 2019 (COVID-19).
Methods: This was a cohort study of patients hospitalized with COVID-19 at IRCCS San Raffaele Hospital
between 25th February and 6th April 2020 (NCT04318366). We considered secondary bloodstream in-
fections (BSIs) or possible lower respiratory tract infections (pLRTIs) occurring 48 hours after hospital
admission until death or discharge. We calculated multivariable FineeGray models to assess factors
associated with risk of secondary infections.
Results: Among 731 patients, a secondary infection was diagnosed in 68 patients (9.3%); 58/731 patients
(7.9%) had at least one BSI and 22/731 patients (3.0%) at least one pLRTI. The overall 28-day cumulative
incidence was 16.4% (95%CI 12.4e21.0%). Most of the BSIs were due to Gram-positive pathogens (76/106
isolates, 71.7%), specifically coagulase-negative staphylococci (53/76, 69.7%), while among Gram-
negatives (23/106, 21.7%) Acinetobacter baumanii (7/23, 30.4%) and Escherichia coli (5/23, 21.7%) pre-
dominated. pLRTIs were caused mainly by Gram-negative pathogens (14/26, 53.8%). Eleven patients were
diagnosed with putative invasive aspergillosis. At multivariable analysis, factors associated with sec-
ondary infections were low baseline lymphocyte count (�0.7 versus >0.7 per 109/L, subdistribution
hazard ratios (sdHRs) 1.93, 95%CI 1.11e3.35), baseline PaO2/FiO2 (per 100 points lower: sdHRs 1.56, 95%CI
1.21e2.04), and intensive-care unit (ICU) admission in the first 48 hours (sdHR 2.51, 95%CI 1.04e6.05).
Conclusions: Patients hospitalized with COVID-19 had a high incidence of secondary infections. At
multivariable analysis, early need for ICU, respiratory failure, and severe lymphopenia were identified as
risk factors for secondary infections. Marco Ripa, Clin Microbiol Infect 2021;27:451
© 2020 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
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The pandemic caused by the severe acute respiratory syndrome
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patients worldwide as of 27th September 2020 [1]. The clinical
manifestations of this condition (coronavirus disease 2019, COVID-
19) range from asymptomatic infection to severe viral pneumonia
requiring treatment in an intensive care unit (ICU) [2e4].

SARS-CoV-2 can directly damage the lung epithelium and
indirectly ignite an aberrant ‘cytokine storm’, eventually leading to
multi-organ failure [5,6]. To reverse this dysregulated activation of
the immune system, immunosuppressive drugs are widely used
[6,7]. A combination of virus- and drug-induced immunosuppres-
sion likely increases the susceptibility to secondary infections.

Nevertheless, few reports of infectious complications in COVID-
19 are available to date [8e10]. The primary objective of this study
was to estimate the cumulative incidence of secondary infections
since hospital admission in patients with COVID-19 admitted to our
institution (study baseline). The secondary objective included the
evaluation of risk factors for secondary infections.

Methods

Study population

Patients considered in this analysis are part of the COVID-19 pro-
spective institutional cohort (COVID-BioB [11e13]) at the Istituto di
Ricovero e Cura a Carattere Scientifico (IRCCS) San RaffaeleHospital, a
1350-bed tertiary-care hospital in Milan, Italy. We included all pa-
tients admittedwith COVID-19 between 25th February 2020 and 6th
April 2020who gavewritten consent andwhose outcome (discharge
or death) was known up to 19th May 2020.

COVID-19 was defined as a positive real-time reverse tran-
scriptase polymerase chain reaction (RT-PCR) for SARS-CoV-2 from
a nasopharyngeal swab associated with suggestive signs, symp-
toms, and/or radiological findings.

Patient management and microbiological methods are
described in the Supplementary Material.

Bloodstream infections (BSIs) were defined as a single positive
blood culture for a likely pathogen or two or more positive blood
cultures for common skin colonizers (i.e. coagulase-negative
staphylococci, diphtheroids, Bacillus spp., Propionibacterium spp.,
viridans group streptococci), without a concomitant microbiologi-
cally documented lower respiratory tract infection due to the same
pathogen. Patients who had 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.

Positive cultures of potentially pathogenic organisms from the
lower respiratory tract were defined as positive culture of a respi-
ratory specimen obtained with invasive techniques (bronchoscopy-
guided bronchoalveolar lavage (BAL) or, when not available, bron-
chial aspirate (BRASP)), excluding Candida spp. Putative aspergil-
losis was defined according to the criteria developed for critically ill
patients by Blot et al. [14] (with the inclusion of serum or BAL
galactomannan assay), in order to differentiate it from respiratory
tract colonization.

Both blood and respiratory cultures were requested by the
attending physicians in patients with suspected secondary infections
because of clinical and/or respiratory deterioration associated with
suggestive laboratory or radiological findings. BAL and BRASP were
not routinely collected for surveillance. Galactomannan assay was
requested only when invasive aspergillosis was considered as a
possible diagnosis by the attending physician (99 patients tested).
Therefore, we included as possible lower respiratory tract infections
(pLRTIs) patients with a suspected secondary infection and with
either positive cultures of potentially pathogenic organisms from the
lower respiratory tract or putative aspergillosis.

Patients for whom no microbiology specimens were requested
were considered not to have secondary infections.
Ethics

The study was approved by the hospital ethics committee
(protocol No. 34/int/2020) and was registered on ClinicalTrials.gov
(NCT04318366).

Statistical analysis

Results of continuous variables were described by
median (quartiles) while categorical variables were described by
frequency (%).

We compared characteristics and outcomes of patients who had
at least one secondary infection during hospitalization and those
who did not using the c-square test or Fisher's exact test for cate-
gorical variables and the ManneWhitney U test for continuous
variables.

In the analysis we used three scores (the cytolysis score, the
coagulation score, and the inflammation score), defined as the
number of laboratory parameters with markedly elevated values
(values at or above the 75th percentile). Absolute lymphocyte
counts were stratified on the 25th percentile (at or below).

Incidence rates of secondary infections were defined as cases
occurring at least 48 hours after hospital admission; they were
calculated by univariable Poisson regression and reported as
number of secondary infections per 1000 person-days of follow-up
(PDFUs).

Incidence rate calculation according to patients' stay in the ICU
during hospitalization used a time-dependent approach accounting
for the person-time during follow-up. Only secondary infections
occurring at least 48 hours after ICU admission were considered as
ICU-acquired.

The cumulative incidence function (CIF) of one ormore secondary
infections was calculated in the overall cohort, according to absolute
lymphocyte count and PaO2/FiO2 with Gray's method [15]; 95%
confidence intervals (CIs) for survival probabilities and cumulative
incidence were calculated accounting for competing risks of death.

We subsequently performed inverse probability-weighted
(IPW) competing risks multivariable analyses to simultaneously
account for indication bias associated with the treatment with
biological immunosuppressive drugs and competing death for the
estimation of the cumulative incidence of patients with secondary
infections, to provide a more accurate estimate of the secondary
infections burden [15,16].

A logistic regression analysis was applied to estimate the pro-
pensity of biological immunosuppressive drug use, conditioned on a
prespecified list of baseline covariates; the predicted probabilities of
biological immunosuppressive drug treatment (propensity-score)
were used to calculate the stabilized IPW in order to account for
non-randomization to biological drugs in this observational study.

The inverses of these propensities were used as weights in
multivariable FineeGray models assessing the association between
demographic and other clinical or laboratory factors and the risk of
secondary infections.

All statistical tests were two-sided at 5% level and were per-
formed using SAS 9.4 (Statistical Analyses System Inc, Cary, NC, USA).

Further details on the cytolysis score, the coagulation score, and
the inflammation score definitions and on the statistical analyses
are provided in the Supplementary Material.

Results

The characteristics of 731 patients are shown in Tables 1 and 2.
Blood or lower respiratory tract cultures were performed in 298/
731 patients (40.8%), and a microbiologically documented infection
was diagnosed in 68/731 patients (9.3%) (Fig. 1); 58/731 patients

http://ClinicalTrials.gov


Table 1
Characteristics of patients hospitalized with coronavirus disease 19 (COVID-19)

Characteristic Category Overall
(n ¼ 731)

With �1 secondary
infection
(n ¼ 68)

Without secondary
infection
(n ¼ 663)

pa

Demographic characteristics:
Age, years 64 (55e76) 63 (56e70) 64 (54e76) 0.504
Sex, male 496 (67.9%) 53 (77.9%) 443 (66.8%) 0.076
Comorbidities:
Hypertension 0.231

No 383 (53.2%) 37 (60.7%) 346 (52.5%)
Yes 337 (46.8%) 24 (39.3%) 313 (47.5%)

Coronary heart disease 0.277
No 547 (76%) 50 (82%) 497 (75.4%)
Yes 173 (24%) 11 (18%) 162 (24.6%)

Diabetes mellitus 0.225
No 591 (82%) 47 (75.8%) 544 (82.5%)
Yes 130 (18%) 15 (24.2%) 115 (17.5%)

Chronic obstructive pulmonary disease 0.789
No 673 (93.5%) 59 (95.2%) 614 (93.3%)
Yes 47 (6.5%) 3 (4.8%) 44 (6.7%)

Chronic kidney disease 0.666
No 646 (89.5%) 57 (91.9%) 589 (89.2%)
Yes 76 (10.5%) 5 (8.1%) 71 (10.8%)

Malignancies 0.084
No 618 (85.8%) 57 (93.4%) 561 (85.1%)
Yes 102 (14.2%) 4 (6.6%) 98 (14.9%)

Liver disease 0.461
No 412 (97.6%) 24 (96%) 388 (97.7%)
Yes 10 (2.4%) 1 (4%) 9 (2.3%)

Comorbidities 0.037
Yes 442 (60.5%) 33 (48.5%) 409 (61.7%)

Body mass index, kg/m2 26.54 (24.17e29.41) 26.83 (24.69e29.38) 26.53 (24.02e29.64) 0.474
Clinical characteristics and management:
Days from symptoms to hospital admission 6.5 (3e10)

n ¼ 400
5.5 (3e10)
n ¼ 22

6.5 (3e10)
n ¼ 378

0.617

Fever, Celsius degrees 37.7 (36.8e38.5)
n ¼ 643

38 (37.1e38.7)
n ¼ 54

37.7 (36.8e38.4)
n ¼ 589

0.099

PaO2/FiO2 271 (191e325) 181 (88e248) 281 (210e328) <0.0001
PaO2/FiO2 <0.0001

>300 209 (28.6%) 6 (8.8%) 203 (30.6%)
201-300 220 (30.1%) 21 (30.9%) 199 (30%)
101e200 78 (10.7%) 16 (23.5%) 62 (9.4%)
<100 78 (10.7%) 18 (26.5%) 60 (9%)
Missing 146 (20%) 7 (10.3%) 139 (21%)

ICU admission <48 hours from hospital admission 45 (6.2%) 20 (29.4%) 25 (3.8%) <0.0001
Use of biological immunosuppressive drugs 129 (17.6%) 18 (26.5%) 111 (16.7%) 0.045
Type of biological immunosuppressive drug 0.677

Anakinra 54 (41.9%) 8 (44.4%) 46 (41.4%)
Mavrilimumab 13 (10.1%) 1 (5.6%) 12 (10.8%)
Sarilumab 25 (19.4%) 5 (27.8%) 20 (18%)
Tocilizumab 37 (28.7%) 4 (22.2%) 33 (29.7%)

Days to biological immunosuppressive drugs start
from hospital admission

3 (2e5) 3 (2e5) 3 (2e5) 0.733

Results reported as median (IQR) or frequency (%). For variables with more than 10% of missing values actual number of observations were reported.
ICU, intensive care unit; NA, not applicable.

a By c-square or Fisher's exact test (categorical variables) or Wilcoxon rank-sum test (continuous variables).
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(7.9%) had at least one BSI and 22/731 patients (3.0%) had at least
one pLRTI. Overall, 74 cases of BSIs and 24 cases of pLRTIs were
documented. Eleven patients had more than one BSI, while two
patients had two pLRTIs. Median time to the first secondary
infection from hospital admission was 12 days (8.5e16.5).

Biological immunosuppressive drugs were used in 129/731 pa-
tients (17.6%), among whom 14.0% (18/129) developed at least one
secondary infection (median time from treatment initiation: 9 days
(7e17)).

Data regarding steroid use was available for 483/731 patients
(66.1%); among 108/483 patients (22.4%) who received steroids at
any time during hospital stay, 11/108 (10.2%) developed at least one
secondary infection compared to 28/375 (7.5%) who did not receive
corticosteroid treatment (p 0.422).
Overall, 86/731 patients (11.8%) were admitted to the ICU
(median days to ICU admission from hospital admission: 2 (0e6)).
Patients admitted to the ICU in the first 48 hours (45/86, 52.3%)
more frequently experienced a secondary infection compared to
patients never admitted or admitted after 48 hours (Table 1).
During 9720 PDFUs, 32/731 (4.4%) patients had 39 secondary
infections outside the ICU for an incidence rate of 4.0 (2.9e5.5)
per 1000 PDFUs, while during 1318 PDFUs 40/731 patients (5.5%)
had 51 secondary infections during their ICU stay for an incidence
rate of 38.7 (28.8e50.9) per 1000 PDFUs (p < 0.0001). The inci-
dence rate of BSIs was 3.3 (2.3e4.6) per 1000 PDFUs in patients
outside the ICU, compared to 31.9 (23.0e43.1) per 1000 PDFUs in
patients admitted to the ICU (p < 0.0001), while for pLRTIs the
incidence rate outside the ICU was 0.4 (0.1e1.1) compared to 15.2



Table 2
Baseline laboratory parameters of patients hospitalized with coronavirus disease 19 (COVID-19)

Laboratory parameter Category Overall
(n ¼ 731)

With �1 secondary infection
(n ¼ 68)

Without secondary infection
(n ¼ 663)

pa

White blood cells, per 109/L 6.85 (5e9.9) 7.7 (5.05e12.05) 6.8 (5e9.7) 0.027
Lymphocytes, per 109/L 0.9 (0.7e1.3)

n ¼ 638
0.8 (0.6e1.1)
n ¼ 57

1 (0.7e1.3)
n ¼ 581

0.009

Lymphocytes, per 109/L 0.024
�0.7 202 (31.7%) 26 (45.6%) 176 (30.3%)
>0.7 436 (68.3%) 31 (54.4%) 405 (69.7%)

Neutrophils, per 109/L 5.1 (3.4e7.8)
n ¼ 638

6 (4.0e9.7)
n ¼ 57

4.9 (3.3e7.5)
n ¼ 581

0.005

Haemoglobin, g/dL 13.6 (12.2e14.7) 13.75 (12.2e14.95) 13.6 (12.2e14.7) 0.533
Platelets, per 109/L 203.5 (157e264) 213.5 (153.5e314.5) 203 (158e262) 0.388
Creatinine, mg/dL 0.98 (0.80e1.24) 1 (0.85e1.27) 0.98 (0.80e1.23) 0.485
Alanine aminotransferase, U/L 35 (23e56) 41 (28e66) 34 (23e56) 0.039
Aspartate aminotransferase, U/L 45 (31e65) 54 (38e90) 44 (31e63) 0.005
Lactate dehydrogenase, U/L 371 (278e483) 440 (352e597) 362 (275e466) <0.0001
Ferritin, ng/mL 1111 (618e2198)

n ¼ 389
1876 (1045e2972)
n ¼ 41

1072.5 (594e1859)
n ¼ 348

0.001

Lactates, mmol/L 1.30 (1.01e1.75)
n ¼ 651

1.51 (1.14e2.07)
n ¼ 66

1.28 (0.99e1.72)
n ¼ 585

0.005

D-dimer, mg/mL 1.25 (0.62e2.64)
n ¼ 346

1.51 (1.13e3.25)
n ¼ 39

1.19 (0.59e2.55)
n ¼ 307

0.027

Prothrombin time, s 13.9 (13.2e15.3) 14.1 (12.8e15.5) 13.9 (13.2e15.3) 0.898
C-reactive protein, mg/L 72.4 (31.2e134.6) 136.7 (48.9e217.9) 70.9 (29.5e129.8) <0.0001
Procalcitonin, ng/mL 0.52 (0.31e0.91)

n ¼ 382
0.68 (0.37e1.36)
n ¼ 49

0.52 (0.30e0.87)
n ¼ 333

0.215

Cytolysis score 0.001
0 405 (56.1%) 29 (42.6%) 376 (57.5%)
1 149 (20.6%) 15 (22.1%) 134 (20.5%)
2 107 (14.8%) 10 (14.7%) 97 (14.8%)
3 61 (8.4%) 14 (20.6%) 47 (7.2%)

Inflammation score <0.0001
0 488 (67.6%) 26 (38.8%) 462 (70.5%)
1 192 (26.6%) 30 (44.8%) 162 (24.7%)
2 42 (5.8%) 11 (16.4%) 31 (4.7%)

Coagulation score 0.144
0 414 (66.6%) 43 (64.2%) 371 (66.8%)
1 168 (27%) 16 (23.9%) 152 (27.4%)
2 40 (6.4%) 8 (11.9%) 32 (5.8%)

Cytolysis score included alanine aminotransferase, aspartate aminotransferase, lactate dehydrogenase. Inflammation score included ferritin and C-reactive protein. Coagu-
lation score included D-dimer and prothrombin time. The three scores had a range of 0e2 or e3, with 0 corresponding to no abnormalities in inflammatory parameters levels
and 2 or 3 corresponding to patients withmarkedly elevated values for all the considered laboratory parameters. SeeMethods and SupplementaryMaterial sections for further
details.

a By c-square or Fisher's exact test (categorical variables) or Wilcoxon rank-sum test (continuous variables).
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(9.3e23.4) per 1000 PDFUs in patients inside the ICU
(p < 0.0001).

The cumulative incidence functions of secondary infection in
the overall cohort and according to baseline PaO2/FiO2 ratio and
absolute lymphocyte count are shown in Fig. 2.

While baseline C-reactive protein (CRP) values were signifi-
cantly different at baseline, procalcitonin was not significantly
higher in patients who experienced a secondary infection
(Table 2). Levels of CRP at the time of the first secondary infection
were significantly lower when compared to values at the time of
the first microbiological specimen requested in patients with
negative cultures (85 mg/L (36e135) versus 118 mg/L (52e181), p
0.040), while procalcitonin was similar between the two groups
(0.88 ng/mL (0.46e1.94), n ¼ 62, versus 0.69 ng/mL (0.33e1.94),
n ¼ 119; p 0.157).

Among patients with secondary BSIs (Supplementary Material
Table S1), median time to the first secondary BSI after hospital
admissionwas 13 days (8e16). Incidence rate was 6.7 (5.3e8.4) per
1000 PDFUs. The majority of BSIs were due to Gram-positive
pathogens (76/106 isolates, 71.7%), specifically coagulase-negative
staphylococci (53/76, 69.7%), while among Gram-negatives (23/
106, 21.7%) Acinetobacter baumanii (7/23, 30.4%) and Escherichia coli
(5/23, 21.7%) predominated.
Among patients with secondary pLRTIs (Supplementary Material
Table S2), median time to the first secondary pLRTI after hospital
admissionwas 16 days (10e29). Incidence rate was 2.1 (1.4e3.2) per
1000 PDFUs. pLRTIs were caused mainly by Gram-negative patho-
gens (14/26, 53.8%), principally Pseudomonas aeruginosa (6/14,
42.9%). Microbial aetiology and multidrug-resistant organisms
(MDROs) are detailed in Supplementary Material Table S3.

Eleven patients were diagnosed with putative aspergillosis; 10/
11 were diagnosed in the ICU, only one patient received biological
immunosuppressive drugs.

Overall, 194/731 patients (26.5%) died: 30/68 (44.1%) with sec-
ondary infections and 164/663 (24.7%) without further infectious
events (p 0.001). Median time to death after the first secondary
infection was 9 days (4e19).

At multivariable analysis (Table 3), the factors associated with
the development of secondary infections were baseline lymphocyte
count, baseline PaO2/FiO2 ratio, and ICU admission in the first
48 hours after hospital admission. These findings were confirmed
in additional models including a higher number of variables and
observations (Supplementary Material Table S4), and after
excluding patients who died in the first 5 days, to minimize the risk
of confounding due to immortal time bias (Supplementary Material
Tables S5 and S6).



Fig. 1. Flow-chart of study cohort. *Who gave consent to be recorded in the COVID-BioB database and to use their data.
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Discussion

We described the incidence and characteristics of secondary
infections in a large cohort of patients hospitalized with COVID-19.
Among 731 patients, 68 (9.3%) had at least one secondary infection,
with an overall 28-day cumulative incidence of 16.4% (95%CI
12.4e21.0%). Our results are coherent with reports from available
large cohorts, where the proportion of patients with secondary
infections ranged from 5% to 30% [8e10,17e20].

In our cohort, the incidence rate of BSIs appears significantly
higher compared to those in previous reports concerning nosoco-
mial and ICU-related BSIs in European countries [21,22] (ranges
0.5e1.3 and 0.7e6.6 per 1000 PDFUs, respectively). Similarly, the
incidence rate of pLRTIs among patients with COVID-19 admitted to
the ICU appears to be higher than in historical European cohorts
[22] (7.3 per 1000 PDFUs for ICU-acquired pneumonia and 9.5 per
1000 PDFUs for intubation-associated pneumonia).

BSIs constituted the majority of secondary infections, with
58/731 patients (7.9%) experiencing at least one event. We docu-
mented a high rate of BSIs due to coagulase-negative staphylococci
and a noteworthy proportion of patients with multiple isolates.
This finding may reflect a high burden of catheter-associated in-
fections. However, data regarding the presence of intravascular
catheters were not available. Several factors may have contributed
to a higher incidence of BSIs due to coagulase-negative staphylo-
cocci. First, being in the epicentre of the COVID-19 pandemic in our
country, and given the unprecedented strain on our healthcare
system, critically ill patients with multiple devices were managed
outside the ICU, possibly leading to increased rates of BSIs due to
common skin colonizers. Second, the pandemic setting may have
reduced the adherence to strict aseptic procedures, especially in
critically ill patients managed outside the ICU or in overcrowded or
makeshift ICUs. Furthermore, the adequate use of personal pro-
tective equipmentmay be challenging andmay have potentially led
to reduced compliance with aseptic techniques in managing
intravascular devices.

pLRTIs were documented in 22/731 patients (3.0%), and Gram-
negative pathogens predominated, with the majority of cases due
to non-fermenting bacteria. Eleven patients were considered to
have putative invasive aspergillosis. Other authors reported inva-
sive fungal infections in patients with COVID-19 admitted to the
ICU [23,24]. The diagnosis of invasive aspergillosis in patients with
COVID-19 without other known underlying risk factors may be
challenging [25]. Nevertheless, in our experience, 9/11 patients had
a positive culture or galactomannan assay from a bronchoscopy-
guided BAL, strengthening the results of our study.

The burden of antimicrobial resistance was substantial. Indeed,
when compared with a historical cohort of BSIs from our institution
(year 2017, unpublished data), patients hospitalized with COVID-19
had a significantly higher incidence rate of BSIs due to Gram-
negative MDROs (11.8 (6.3e20.1) per 1000 PDFUs versus 4.9
(4.2e5.7) per 1000 PDFUs, p 0.006), and specifically due to Acine-
tobacter baumannii (6.3 (2.5e13.1) per 1000 PDFUs versus 0.4
(0.2e0.7) per 1000 PDFUs, p < 0.001), while only vancomycin-
resistant Enterococcus faecium was more frequently implicated
among Gram-positive bacteria (3.6 (1.0e9.3) per 1000 PDFUs



Fig. 2. Cumulative incidence of secondary infections of any type (panel A), according
to baseline (BL) absolute lymphocyte count (panel B) and to BL PaO2/FiO2 (panel C).

Table 3
Multivariable analysis on the risk of secondary infections of any type in patients ho

Baseline characteristics
(n ¼ 512)

Su

Age, >65 versus �65 years 0.5
Comorbidities, yes versus no 0.7
Cytolysis score, per 1 point higher 1.0
Inflammation score, per 1 point higher 1.1
Lymphocyte count, �0.7 versus >0.7 per 109/L 1.9
PaO2/FiO2, per 100 points lower 1.5
ICU admission <48 hours from hospital admission, yes versus no 2.5
Use of biological immunosuppressive drugs, yes versus no 1.7

Cytolysis score included alanine aminotransferase, aspartate aminotransferase, lacta
See Methods and Supplementary Material sections for further details.
ICU, intensive care unit.
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versus 0.5 (0.3e0.8) per 1000 PDFUs, p 0.004). Given the possible
misuse of empirical broad-spectrum antibiotics in patients with
severe COVID-19, the focus should be on prevention and careful use
of antimicrobials to reduce the development of resistance [20,26].

At multivariable analysis, severe hypoxaemia, severe lympho-
penia, and need for ICU in the first 48 hours after hospital admis-
sion were shown to be predictive factors for secondary infections.
Patients with acute respiratory distress syndrome have diffuse
alveolar damage with inflammatory infiltrates, potentially predis-
posing to superinfection [27]. The need for ICU and invasive pro-
cedures likely contributes to the risk of secondary infections in
patients with COVID-19, regardless of clinical severity. Lymphope-
nia is common in patients with severe COVID-19 [17] and a known
predictive factor for mortality [28]. Whether the occurrence of
secondary infections may also be related to the higher mortality
seen in patients with lymphopenia needs to be explored.

Our study has several limitations. First, being a single-centre
experience from a tertiary-care hospital in the epicentre of the
COVID-19 pandemic, our results may not be generalizable. Second,
data regarding empirical antimicrobial use were not available,
limiting the assessment of its impact on the development of sec-
ondary infections. Moreover, no data regarding the presence of
intravascular catheters were available, preventing us from evalu-
ating the proportion of catheter-related infections. Third, the
distinction between infection and contamination/colonization may
not always be possible, thus leading to an overestimation of sec-
ondary infections, while the inclusion of microbiologically docu-
mented infections and the adoption of a 7-day cut-off from the first
positive blood culture to define a single episode of secondary BSI
may lead to an underestimation of the true burden of secondary
infections. Nevertheless, the exclusion of potential contaminants
from blood cultures and the inclusion of patients with positive
cultures obtained only from invasive respiratory procedures
strengthen our results. Finally, clinical and laboratory data used in
the multivariable models were not available for all patients in our
cohort, potentially leading to a loss of precision of the reported
estimates. Nevertheless, the supplementary model including more
than 85% of our cohort confirmed the results obtained in the main
analysis. We recognize that the low number of events was associ-
ated with a different degree of class imbalance in some predictive
variables, and might have influenced our findings. However, based
on several sensitivity analyses, we are confident that the suggested
factors are those likely associated with the risk of secondary
infections.

In conclusion, we have described the incidence and predictive
factors of secondary bloodstream and lower respiratory tract in-
fections in patients with COVID-19, showing a high burden of
infections due to Gram-positive pathogens and multidrug-
resistant Gram-negative bacteria, along with a non-negligible
spitalized with coronavirus disease 19 (COVID-19)

bdistribution hazard ratio 95% confidence interval

7 0.30 1.10
7 0.40 1.46
6 0.82 1.37
4 0.76 1.70
3 1.11 3.35
6 1.21 2.04
1 1.04 6.05
4 0.88 3.43

te dehydrogenase. Inflammation score included ferritin and C-reactive protein.
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proportion of patients with putative invasive aspergillosis. Pa-
tients with respiratory failure, severe lymphopenia, and early
need for ICU treatment were shown to be at higher risk of sec-
ondary infections.
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