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Abstract
Purpose  To investigate the prevalence, incidence and characteristics of bacterial infections and their impact on outcome in 
critically ill patients infected with COVID-19.
Methods  We conducted a prospective observational study in eight Italian ICUs from February to May 2020; data were 
collected through an interactive electronic database. Kaplan–Meier analysis (limit product method) was used to identify the 
occurrence of infections and risk of acquisition.
Results  During the study period 248 patients were recruited in the eight participating ICUs. Ninety (36.3%) patients devel-
oped at least one episode of secondary infection. An ICU length of stay between 7 and 14 days was characterized by a higher 
occurrence of infectious complications, with ventilator-associated pneumonia being the most frequent. At least one course 
of antibiotic therapy was given to 161 (64.9%) patients. Overall ICU and hospital mortality were 33.9% and 42.9%, respec-
tively. Patients developing bacteremia had a higher risk of ICU mortality [45.9% vs. 31.6%, odds ratio 1.8 (95% CI 0.9–3.7), 
p = 0.069] and hospital mortality [56.8% vs. 40.3%, odds ratio 1.9 (95% CI 1.1–3.9), p = 0.04].
Conclusion  In critically ill patients infected with COVID-19 the incidence of bacterial infections is high and associated with 
worse outcomes. Regular microbiological surveillance and strict infection control measures are mandated.
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Introduction

Respiratory viral infections may predispose to severe sec-
ondary bacterial infections leading to increased mortality 
[1]. Although most of the deaths in the 1918 Spanish flu 
epidemic were reportedly due to Pneumococcal pneumonia 

[2], only a few publications attempted to assess secondary 
bacterial infections during the 2009 H1N1 influenza pan-
demic [3]. Despite rigorous global containment and quaran-
tine efforts, the incidence of COVID-19 has continued to rise 
since its first appearance in Wuhan in December 2020. For 
hospitalized patients, the associated mortality ranges from 
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10 to 13.5% [4], and from 19 to 61.5% in patients requir-
ing intensive care [5–8]. Despite a reported overall bacterial 
infection rate of 7.1% in hospitalized COVID-19 patients, 
with 3.5% infected at hospital presentation and 15.5% devel-
oping nosocomial secondary bacterial infections, broad-
spectrum antibiotics were administered to 74.5% of patients 
[4, 5, 9, 10].

The prevalence, incidence and characteristics of bacterial 
infections in critically ill patients infected with COVID-19 
are limited to single center retrospective studies [11–17]. 
More detailed data on bacterial infections in intensive care 
unit (ICU) patients with COVID-2019 disease are urgently 
needed, both for epidemiology and to assess their possible 
impact on outcomes related to COVID-19 infection. Timely 
characterization of co- or secondary-infections (both bacte-
rial and fungal) is essential for optimal management of more 
severe COVID-19 cases by both improving and streamlining 
antimicrobial management.

We thus performed a prospective observational study 
of critically ill patients with COVID-19 admitted to eight 
Italian ICUs from February to May 2020 to determine the 
prevalence of bacterial co-infections and secondary infec-
tions, and to assess their impact on outcome.

Methods

This multi-center prospective observational study was per-
formed in eight Italian ICUs over a 6 months period com-
mencing on 21 February 2020. The following variables 
(dates, categorical and discrete) were collected through an 
interactive electronic database:

•	 demographic variables: age, sex, therapeutic diagnostic 
path before admission to ICU (date of admission to hos-
pital and subsequent hospitalizations before admission 
to ICU);

•	 co-morbidities: (i.e., hypertension, heart disease, chronic 
obstructive airways disease, neoplasm, insulin depend-
ent/independent diabetes mellitus, chronic renal failure, 
chronic vascular disease, chronic pathological or iatro-
genic immunosuppression);

•	 date of onset of the first SARS COV-2 related symptoms, 
and their characteristics;

•	 interstitial pulmonary alveolar involvement;
•	 start date of non-invasive ventilation (NIV); date of hos-

pitalization in ICU and date of intubation
•	 SAPS 2 (or other score used to derive standardized 

mortality rate); SOFA score on admission and highest 
reached during hospitalization;

•	 duration of mechanical ventilation, use of pronation, and 
performance of tracheostomy;

•	 development of ARDS;

•	 identification of major pulmonary embolism;
•	 use of renal replacement therapy and duration;
•	 echocardiographic signs of cardiomyopathy and myo-

cardial failure;
•	 hepatic dysfunction (alteration of liver enzyme and 

cholestatic indices);
•	 other alterations in blood tests (ferritin, lactate dehy-

drogenase, creatine kinase);
•	 specific anti-COVID-19 related therapies;
•	 ICU and hospital outcomes.

Collected clinical, rheological and therapeutic markers 
of infection included:

•	 C-reactive protein (CRP), procalcitonin (PCT) and 
white blood count (WBC) (maximum and minimum);

•	 surveillance cultures (bronchial aspirate, skin and rectal 
swabs), and susceptibility patterns; diagnostic cultures 
(blood, bronchoalveolar lavage, urine, cerebrospinal 
fluid and any from other sites), and susceptibility pat-
terns. Each isolate was reviewed by two members of the 
antimicrobial team to determine clinical significance 
and need for treatment.

•	 Antibiotic therapy and duration.

Definitions

An episode of bacteremia was defined when one or more 
microorganisms were isolated from one or more blood cul-
tures, and clinical evidence suggested this had arisen from 
a common source and were part of the same episode. If 
the source was unknown, all positive blood cultures occur-
ring within 48 h of each other are considered as a single 
bacteremic episode [18–20].

Polymicrobial bacteremia either growth of ≥ 2 differ-
ent species of microorganisms in the same blood culture, 
or growth of different species in ≥ 2 separate blood cul-
tures within the same episode (< 48 h) and with clinical or 
microbiological evidence of the same source [21].

Break-through bacteremia bacteremia due to the same 
microorganism and occurring in patients treated with 
appropriate therapy for more than 24 h [22].

Ventilator-associated pneumonia (VAP) was defined as 
the presence of the following definition criteria [23, 24]:

Radiology ≥ 2 serial chest radiographs with ≥ 1 of the 
following: new or progressive infiltrate, consolidation, 
cavitation.

Signs/symptoms ≥ 1 of the following: fever (> 38 °C); 
leukopenia (< 4000 white blood cells/mL); leukocytosis 
(> 12,000 white blood cells/mL); altered mental status if 
age > 70 year.
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PLUS

≥ 2 of the following: new purulent sputum (> 25 neutro-
phils and < 10 squamous epithelial cells per low power 
field × 100); change in sputum characteristics or amount; 
new or worsening cough; dyspnea; tachypnea; rales; wors-
ening gas exchange.

Microbiology ≥ 1 of the following: positive quantitative 
culture from minimally contaminated lower respiratory 
tract specimen; (n.b. a specimen obtained via endotracheal 
suctioning is not a minimally contaminated specimen, and 
therefore, does not meet laboratory criteria); positive culture 
of pleural fluid; positive growth in blood culture not related 
to another source of infection.

Endpoints

The primary endpoint was the occurrence of VAP, blood-
stream and urinary tract infections together with any other 
types of clinically significant infection and their attributable 
onset risk. Secondary endpoints were the impact of bacterial 
or fungal infection on ICU and hospital length of stay and 
outcomes.

Statistical analysis

Student’s t test was used for quantitative discrete variables, 
and Mann–Whitney non-parametric U test for non-normally 
distributed data. For categorical variables the Chi-squared 
test was applied to assess differences in proportions with 
Fisher’s exact test correction for expected values < 5. Under 
the conditional independence assumption, Cochran’s statistic 
was applied to assess the Mantel–Haenszel common odds 
ratio estimate (OR).

A Kaplan Meier analysis (limit product method) was 
used to identify occurrence of infections and risk of acqui-
sition, and freedom from infection during the ICU stay of the 
patient. The log rank method was used to assess differences 
in stratification groups for the Kaplan Meier analyses.

Results

During the study period 248 patients were recruited in 
the eight participating ICUs. Table 1a, b shows the main 
characteristics of these patients, and after stratification by 
occurrence/non-occurrence of a secondary infectious com-
plication. Patients developing an infectious complication 
experienced longer durations of mechanical ventilation, ICU 
and hospital stay, and a higher percentage of recorded severe 
acute respiratory distress syndrome [ARDS] (PaO2:FiO2 

ratio < 100 mmHg/13.3 kPa). Differences in the proportion 
of microbiological cultures in the two groups likely relate to 
cultures being generally performed for clinical indications.

Infections

One hundred and one (40.7%) patients developed at least 
one episode of secondary infection. In total, there were 120 
episodes (1.19 episodes per secondarily infected patient, or 
0.49 episodes per patient within the whole cohort. Figure 1 
shows bacteremia, ventilator-associated pneumonia (VAP) 
and urinary tract infection (UTI) rates, stratified according 
to length of stay. A length of stay between 7 and 14 days 
was characterized by a higher occurrence of infectious com-
plications, with VAP being the most frequent. One patient 
developed a bacteremia, a VAP and a UTI.

Micro‑organisms

Figure S1a–c show the characteristics of the organisms iden-
tified, stratified by length of stay and types of infection. For 
both bacteremia and VAP, an initially higher occurrence of 
Gram-positive isolates was followed by a balanced mix with 
Gram-negative organisms. Polymicrobial and urinary tract 
infections were more frequently caused by Gram-negative 
microorganisms, though an increasing incidence of likely 
yeast-related urinary tract infection was seen in the latter 
period of a patient’s stay. Table 2a–c show isolates stratified 
by Gram stain and length of stay.

Antibiotic therapy

At least one course of antibiotic therapy was given to 164 
(66.1%) patients. All of the 101 patients with proven infec-
tion received targeted antibiotic therapy, whereas empirical 
antibiotics were given to 63 (42.9%) of 147 patients with-
out proven infection. The percentage of patients on antibiot-
ics—both targeted and empirical—increased progressively 
in relation to their ICU length of stay.

The use of antifungal agents was low, although also 
increasing in relation to ICU stay.

Mortality

Overall ICU and hospital mortality were 33.9% and 42.9%, 
respectively. Patients developing bacteremia had a higher 
risk of ICU mortality [45.9% vs. 31.6%], OR = 1.8 (95% 
CI 0.9–3.7); p = 0.07] and hospital mortality [56.8% vs. 
40.3%, OR = 1.9 (95% CI 1.1–3.9); p = 0.04]. Patients 
developing VAP had a similar risk of ICU mortality 
[34.5% vs. 33.7%], OR = 1.1 (95% CI 0.5–1.9); p = 0.52] 
and hospital mortality [43.1% vs. 42.9%, OR = 1.1 (95% CI 
0.9–1.8); p = 0.55]. Both ICU mortality [66.7% vs. 32.6%], 
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Table 1   Main characteristics of all patients, stratified according to occurrence or not of an infectious complication: (a) quantitative and (b) cat-
egorical variables

Variables All patients
248

Patients with infection(s)
101

Patients without infection(s)
147

p-value

a: Quantitative variables1

Age 66 (58–72) 58(65–71) 66 (58–72) 0.866
BMI 27 (25–31) 27.5 (25–31) 27 (26–31) 0.832
SAPS-2 37 (31–49) 37 (31–43) 37 (31–51) 0.237
SOFA
 Admission 7 (5–9) 7 (5–8) 7 (5–9) 0.655
 Worst recorded 8 (6–10) 7.5 (6–10) 8 (6–10) 0.252

COVID-2019
 Symptom onset days 6 (5–8) 6 (4–8) 6 (6–8) 0.525
 Therapy-days 1 (0–2) 7 (4–11.5) 7 (4–12.5) 0.624

Length of stay
 Pre-ICU 3 (2–6) 3 (2–6) 3 (2–6) 0.639
 ICU 16 (9–25) 19.5 (11–31) 14 (6–20.5) 0.001
 Post-ICU 15 (9–23) 17.5 (10–22.5) 13 (8–23.5) 0.345

Hospital 33 (22–43) 35 (26–6) 29 (20–42) 0.123

Variables All patients 
248

Patients with infection(s)
101

Patients without 
infection(s)
147

OR 95% (CI) p-values

b: categorical variables2

M:F (ratio) 193:55 (3.5:1) 77:24 (3.2:1) 116:31 (3.75:1) – –
Past medical history
 Smoking 49 (19.80%) 21 (21.2%) 28 (20.9%) 1.1 (0.5–1.9) 0.539
 Diabetes 54(23.2%) 27 (27.3%) 27 (20.1%) 1.5 (0.8–2.7) 0.213
 Hypertension 117 (47.20%) 54 (54.5%) 63 (47%) 1.3 (0.8–2.3) 0.29
 Coronary artery disease 26 (11.2%) 14 (12.1%) 14 (10.4%) 1.2 (0.5–2.7) 0.421
 Vasculopathy 34 (14.5%) 14 (14.1%) 20 (14%) 0.9 (0.5–2) 0.529
 COPD 29 (12.5%) 10 (10.1%) 19 (14.3%) 0.7 (0.3–1.5) 0.227
 Neoplasm 14 (6%) 9 (9.2%) 5 (3.7%) 2.6 (0.8–8.1) 0.099
 Chronic renal failure 13 (5.6%) 5 (5.1%) 8 (6%) 0.8 (0.3–2.7) 0.502
 Immunosuppression 9 (3.6%) 4 (4%) 5 (3.7%) 0.9 (0.5–2) 0.581
 SARS-COV-2 therapy 181 (73.1%) 79 (78.4%) 102 (69.2%) 1.6 (0.9–3) 0.153
 Lopinavir–ritonavir 201 (81.3%) 85 (84.5%) 116 (81%) 0.9 (0.8–1.2) 0.954
 Tocilizumab 71 (28.6%) 30 (29.3%) 41 (27.7%) 1.1 (0.6–2) 0.572 
 Hydroxychloroquine 205 (82.8%) 86 (84.8%) 119 (81.2%) 1.3 (0.6 -2.6) 0.488

SARS-COV-2 symptoms
 Fever 216 (90%) 86 (86%) 130 (92.9%) 0.5 (0.2–1.1) 0.086
 Respiratory 242 (97.9%) 96 (96%) 146 (99.3%) 0.2 (0.1–1.6) 0.164
 Gut symptoms 29 (11.7%) 11 (11%) 18 12.1%) 0.9 (0.4–2) 0.841
 Severe ARDS 239 (96.2%) 99 (99%) 140 (94.6%) 5.9 (3.1–8.5) 0.022
 Acute renal failure 34 (16.6%) 22 (25.3%) 2 (10.2%) 3 (1.4–6.5) 0.007
 Acute cardiac failure 12 (5.7%) 7 (8%) 5 (4%) 2.1 (0.7–6.7) 0.242
 Acute liver failure 47 (18.9%) 22 (21.7%) 25(16.9%) 1.4 (0.7–2.8) 0.465 
 Vasoactive drugs 151 (60.8%) 68 (67.3%) 83 (56.5%) 1.6 (0.9–2.7) 0.088

Culture percentage
 Total population 157 (63.3%) 101 (100%) 56 (38.1%) 4.8 (2.6–9) 0.001
 0–72 h 64 (25.8%) 48 (47.5%) 16 (10.9%) 7.4 (3.9–14.2) 0.001
 72 h–7 days 65 (26.2%) 47 (46.5%) 18 (12.2%) 6.2 (3.3–11.7) 0.001
 8–14 days 79 (31.9%) 49 (48.5%) 30 (20.4%) 3.7 (2.1–6.4) 0.001
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OR = 4.2 (95% CI 1.1–17.1); p = 0.03] and hospital mor-
tality [66.7% vs. 42%], OR = 2.8 (95% CI 0.7–11.3), 
p = 0.12] were higher in the nine patients developing both 
bacteremia and VAP.

In terms of illness severity, 59 patients developed septic 
shock with an ICU mortality rate of 46.7%. By comparison 

31 patients developed sepsis with an ICU mortality rate of 
40% (p = 0.572).

Figure 2 shows Kaplan Meier curves representing, respec-
tively, the actuarial survival of patients in relation to devel-
oping bacteremia (Fig. 2a) or VAP (Fig. 2b). Survival was 
lower in patients developing bacteremia though the log rank 

Table 1   (continued)

Variables All patients 
248

Patients with infection(s)
101

Patients without 
infection(s)
147

OR 95% (CI) p-values

b: categorical variables2

 15–21 days 70 (28.2%) 37 (36.6%) 33 (22.4%) 2 (1.1–3.5) 0.021
Severe infections
 N (%) 101 (40.7%) 101 (100%) – – –
 Bacteremia (%) 37 (14.9%) 37 (36.6%) (§) – – –
 VAP 62 (25%) 62 (61.4%) (§) – – –
 Urinary tract 21 (8.5%) 21 (20.8%) (§) – – –
 > 1 infection type (*) 9 (3.6%) 9 (9.9%) (§) – – –

Outcome (alive)
 ICU 154 (62.1%) 62 (61.4%) 92 (62.6%) 1.2 (0.7–2.1) 0.577 
 Hospital 133 (53.6%) 53 (52.5%) 80 (54.4%) 1.2 (0.7–2) 0.592

1 Statistical comparisons are performed between group of patients with and without infections; p values are referring to that. BMI body mass 
index, SAPS-2 simplified acute physiology score, SOFA sequential organ failure assessment
2 Statistical comparisons are performed between group of patients with and without infections; p values are referring to that. (*) patients develop-
ing more than 1 type of severe infection. (§) the sum up of percentage is > than 100% since a few patients developed more than 1 infection and 1 
patient developed 3 type of infections. COPD chronic obstructive pulmonary disease, VAP ventilator-associated pneumonia
IQR inter-quartile range, COVID-2019 coronavirus disease-2019, ICU intensive care unit, M:F male/female ratio

Fig. 1   Severe infection type 
(bacteremia, VAP, UTI, and 
combinations) stratified by 
days following ICU admission. 
Numbers represent occurrence 
of each variable
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Table 2   Positive culture results, 
stratified by days following ICU 
admission: (a) Isolates from 
blood cultures (b) Isolates from 
bronchoalveolar lavage and (c) 
Isolates from urine

Variables Days post-ICU admission

< 72 h 72 h–7 days 8–14 days 15–21 days Total

a: blood cultures
 Gram-positive
  Coagulase-negative Staphylococcus 1 6 6 1 14
  Staphylococcus aureus 2 3 3 8
  Streptococcus spp. 1 1 1 3
  Streptococcus pneumoniae 1 7 8
  Enterococcus faecalis 5 5 2 12
  Enterococcus faecium 1 1

 Gram-negative
  Klebsiella pneumoniae 7 7
  Pseudomonas aeruginosa 3 3 2 8
  Acinetobacter spp. 8 2 3 13
  Escherichia coli 1 1 1 3
  Bacillus spp. 1 1
  Enterobacter aerogenes

 Yeasts
  Candida albicans 1 3 3 1 8
  Candida parapsilosis 1 1 1 3

b: Broncho-alveolar lavage culture
 Gram-positive
  Staphylococcus aureus 17 6 7 4 34
  Streptococcus spp. 1 2 1 4
  Streptococcus pneumoniae 4 1 5
  Enterococcus faecalis 1 3 1 5
  Enterococcus faecium 3 1 1 5

 Gram-negative
  Klebsiella pneumoniae 9 10 6 25
  Klebsiella oxythoca 1 1 2
  Pseudomonas aeruginosa 1 7 16 21 45
  Acinetobacter spp. 1 3 6 10
  Escherichia coli 2 4 13 8 27
  Morganella morganii 1 1
  Bacillus spp.
  Enterobacter aerogenes 1 3 2 6
  Enterobacter cloacae 1 6 4 11
  Hafnia alvei 1 1
  Haemophylus influentiae 7 2 9
  Proteus mirabilis 2 1 3
  Stenotrophomonas maltophilia 1 1 2
  Serratia marcescens 1 1 1 3
  Rautella Ornithynolytica 1 1
  Citrobacter freundii 1 1

 Yeasts
  Candida albicans 1 3 2 6
  Candida glabrata 1 1
  Aspergillus fumigatus 1 2 3
  Aspergillus niger 1 1



145Bacterial infections in critically ill patients with SARS‑2‑COVID‑19 infection: results…

1 3

test was not significantly different. A bacteremic episode 
occurred a median (IQR) time of 7 (3.5–9) days before the 
patient’s death. Kaplan Meier curves of patients experienc-
ing more than one type of infection are not shown due to 
low numbers.

Discussion

Our observational multicenter study reports that over a 
third of patients admitted to ICU for COVID-19 pneumonia 
developed at least one episode of severe bacterial infection. 
The peak incidence of infection was registered between 8 
and 14 days following ICU admission. The most frequently 
reported infections were, in order, VAP, bacteremia and uri-
nary tract infection. Unlike VAP alone, bacteremia was asso-
ciated with a worse outcome. There was a tendency towards 
a shift from Gram-positive to Gram-negative species as the 
length of ICU stay increased.

Few studies have examined the frequency of bacterial and 
fungal infections and their impact on outcome in COVID-
19 patients [5, 9]. Likewise, few studies have focused on 
an intensive care population with a marked variability 
(8.1–60%) in the reported incidence of infection [11–17]. A 
recent review reported that the incidence of bacterial infec-
tion was higher in fatal cases of patients with COVID-19 dis-
ease [4]. Secondary infection risk increased in those receiv-
ing invasive ventilation and intravascular devices, with a 
higher mortality rate [25]. Our study confirms these findings 
in a larger cohort of ICU patients. Of note, the US National 
Institutes of Health COVID-19 treatment guidelines state 
that there are no reliable estimates of the incidence or preva-
lence of co-pathogens in patients with COVID-19 and severe 
or critical illness to recommend empiric broad-spectrum 
antimicrobial therapy [26]. The reported incidence of inva-
sive pulmonary aspergillosis in COVID-19 ranged from 

19.6% to 33.3% [27, 28]. In our study we found only four 
cases though this may be an underestimate relating to the 
frequency of galactomannan testing which increased only 
after several months into the pandemic.

Interesting comparisons can be drawn against secondary 
infections following other primary viral chest infections. 
Rice and colleagues found that among critically ill patients 
with 2009 influenza A illness, bacterial co-infection diag-
nosed within 72 h of admission, especially with Staphy-
lococcus aureus, was associated with significantly higher 
morbidity and mortality [29]. A high prevalence (20/101 
[19.8%]) of early bacterial coinfection has also been reported 
during severe COVID-19 pneumonia, also with a high pro-
portion of S aureus [30]. Our study also identified Staphy-
lococcus aureus as the main pathogen, accounting for the 
majority of the early-onset bacterial coinfection.

Shafran et  al. compared outcomes of patients with 
COVID-19 disease and influenza [31]. Bacterial infection 
was more common in the COVID-19 patients (12.6% vs. 
8.7%), appeared later after admission (4 [1–8] vs. 1 [1–3] 
days), with Gram-positive bacteria being more frequently 
identified (28% vs. 9.5%). Secondary infection was associ-
ated with an approximate threefold increased risk of death 
in both COVID-19 disease and influenza groups but, after 
adjustment for age and illness severity, this only remained 
significant for COVID-19 infection. A recently published 
report from the United Kingdom, however, found no asso-
ciation in patients admitted to critical care who were iden-
tified to have a respiratory or bloodstream infection and 
subsequent mortality (unadjusted odds ratio 1.02, 95% CI 
0.86–1.22; p = 0.81) [32]. S. aureus (17.8%), H. influenzae 
(12.7%) and P. aeruginosa (9.3%) were most frequently 
identified in positive sputum samples, S. aureus in positive 
deep respiratory samples (31.1%), and E Coli (26.7%) and 
S aureus (13.3%) in positive blood cultures as the causa-
tive organism of co-infections within two days of hospital 

Table 2   (continued) Variables Days post-ICU admission

< 72 h 72 h–7 days 8–14 days 15–21 days Total

c: urine culture
 Gram-positive
  Enterococcus faecalis 2 2
  Enterococcus faecium 1 1 1 3

 Gram-negative
  Klebsiella pneumoniae 1 1 1 3
  Pseudomonas aeruginosa
  Escherichia coli 3 1 4
  Enterobacter cloacae 1 1
  Proteus mirabilis 1 1 2

 Yeasts
  Candida albicans 1 1 1 3
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admission. For secondary infections appearing after two 
days of hospital admission, K. pneumoniae, P aeruginosa, S 
aureus and E coli predominated in both respiratory samples 
and blood cultures (each below 15%).

The number of patients who received antibiotic therapy 
was high. For good stewardship, antibiotic selection should 
be based on local epidemiology, patient factors and clinical 
concern. Early discontinuation should be considered if no 

evidence of bacterial infection becomes apparent in terms 
of clinical signs and symptoms, laboratory and imaging 
findings.

Our study has several strengths. To our knowledge, it is 
the first prospective multicenter observational study address-
ing the specific topic of bacterial infection in COVID-19 
patients admitted to ICU, and the first to provide data on 
the impact on mortality in this subset of patients. Since our 

Fig. 2   Kaplan–Meier curves 
for hospital survival stratified 
by development (or not) of a 
bacteremia and b ventilator-
associated pneumonia. Numbers 
represent occurrence of each 
variable
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study was limited to patients admitted to ICU the associa-
tions found between bacterial infection and mortality may 
not be generalizable to non-critically ill populations.

In conclusion, given the higher incidence of bacterial 
infections in COVID-19 patients admitted to ICU and its 
potential impact on mortality, there should be regular micro-
biological surveillance and strict infection control measures.
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