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Abstract

Among 197 COVID-19 patients hospitalized in ICU, 88 (44.7%) experienced at least one
bacterial infection, with pneumonia (39.1%) and bloodstream infections (15,7%) being the
most frequent. Unusual findings include frequent suspicion of bacterial translocations origi-
nating from the digestive tract as well as bacterial persistence in the lungs despite adequate
therapy.

1. Introduction

Since December 2019, the world has been facing a pandemic due to the spread of SARS-CoV-2
coronavirus, which may lead to acute respiratory failure. In 6% of cases, patients are hospital-
ized [1], and 20% of whom develop acute respiratory distress syndrome for which they are
admitted to intensive care unit (ICU) [1]. Hospitalization in ICU is highly associated with
health-care infections, particularly ventilator-associated pneumonia (VAP) and bloodstream
infections (BSI). In France, the first COVID-19 patients, all from Wuhan (China), were hospi-
talized at the end of January 2020 [2]. One of them, admitted to the medical ICU of our hospi-
tal, was surprisingly co-infected upon arrival with an unexpected antibiotic susceptible
Acinetobacter baumannii. Two meta-analyses reported bacterial infection rates in COVID-19
ICU patients of 8.1% [3] and 14% [4]. But data on bacterial infections in COVID-19 patients
are still sparse and not always consistent. Moreover, several studies highlight the over-prescrip-
tion of antibiotics in COVID-19 patients and the risk of a global increase of antimicrobial
resistance [5, 6]. It is thus essential to know the incidence and epidemiology of bacterial infec-
tions in such patients, in order to manage antibiotic prescriptions.

Our study describes bacterial infections in COVID-19 patients hospitalized in two ICUs of
a French referral center hospital.
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2. Material and methods

This retrospective study was conducted on COVID-19 patients hospitalized in ICUs of Bichat
Claude Bernard University Hospital (Paris, France) between January 29 (first patient admis-
sion) and May 31* 2020. Demographic data, comorbidities and microbiological data have
been retrospectively collected.

2.1 Definitions

A COVID-19 confirmed case was defined by a positive result for SARS-CoV-2 virus, based on
a reverse transcriptase-polymerase-chain-reaction (RT-PCR) test on a nasopharyngeal swab or
respiratory specimen and/or typical parenchyma infiltrates on a chest CT scan.

Bacterial pneumonia was diagnosed according to clinical IDSA guidelines [7] and the pres-
ence of bacteria in a respiratory sample (broncho-alveolar lavage (BAL), plugged telescoping
catheter (PTC), tracheal aspiration or sputum). A bacterial infection was considered as co-
infection when the bacteria and the SARS-cov-2 were detected concomitantly at hospital
admission and as super-infection when the bacteria was detected > 2 days after admission for
COVID-19.

A BSI was defined by the presence of bacteria in blood cultures (BACTEC-FX, Becton-
Dickinson) that was not considered contaminant and led to antibiotic initiation or
modification.

Early- and late-onset VAP or BSI were established using a breakpoint of 5 days of mechani-
cal ventilation for VAP and of ICU stay for BSI [8].

2.2 Ethics

The Committee for Research Ethics in Anesthesia and Critical care (CERAR) authorized the
study (IRB 00010254-2020-168).

2.3 Statistical analysis

For univariate analysis, categorical data were analyzed using Pearson’s chi-squared analysis or
Fisher test, and continuous data were analyzed using non-parametric Wilcoxon test.

All statistical analyses were 2-tailed with a significance level of 5%, and were performed
with scipy.stat package from Python.

3. Results

Opverall, 197 COVID-19 patients were admitted to ICU. Median age was 59 years (IQR 50-68)
and sex ratio (M/F) was 3. At admission the median SAPS II was 34 (IQR 25-50). Among
patients, 116 (58.9%) had at least one co-morbidity and 81 (41.1%) were overweight (body
mass index (BMI) > 25 kg/mz). In all, 179 patients (91.0%) received antibiotics (122/179 intro-
duced before ICU and 57/179 during ICU stay) (S1 Table).

3.1 Al ICU infections

Almost half of patients (88/197, 44.7%) had at least one bacterial infection during their ICU
stay; 77 (39.1%) had pneumonia, 31 (15.7%) BSI, 4 (2.0%) urinary tract infection and 1 a surgi-
cal site infection (S1 Table). Patients with bacterial infections were more severe at ICU admis-
sion than patients without (SAPS II 45 vs 30, p<0.001, intubation rate 92.0% vs 44.0%,
p<0.001, respectively). Patients with bacterial infections had a longer ICU stay (17 days vs 5,
p<0.001) and a higher mortality rate in ICU (51.1% vs 23.9%, p<0.001).
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3.2 BSI

Of the 197 COVID-19 patients, 66 (33,5%) had at least one positive blood culture, among
which 31 (15,7%) had BSI (Table 1). The remaining cases were considered to have contami-
nated blood cultures, predominantly with coagulase negative staphylococci (95%). Patients
with BSI had higher BMIs (30 vs 28, p = 0.007), were more severe at ICU admission (SAPS II
44 vs 33, p = 0.007) and during ICU stay (intubation rate 100% vs 59%, p<0.001, mortality rate
61.3% vs 31.1%, p = 0.003) (Table 1).

Among the BSI, all were super-infections, and 83.9% (26/31) were late-onset. Gram-positive
cocci were prominent in BSI with 35.5% Enterococci (11/31) and 32.2% Staphylococci (10/31).
Enterobacterales were only detected in 4 episodes (4/31, 12.9%) (Table 1, S2 Table).

In 38.7% (12/31) of episodes, the origin of the bacteremia was identified: 5 from the lungs and
7 from catheter (Table 1) with positive respiratory sample or catheter tip culture. Of the 19 epi-
sodes without proven origin, 17 (17/31, 54.8%) were considered to originate from a digestive or
oro-pharyngeal translocation. Indeed, the isolated bacterial species are known to belong to the
digestive or oropharyngeal microbiota and all other potential sources were excluded (Table 1).

3.3 Pneumonia

Among the 197 ICU COVID-19 patients, 77 (39.1%) had at least one bacterial pneumonia.
Inaugural episodes were: 5 community-acquired pneumonia (6.5%), 7 non-ventilated hospital
acquired pneumonia (9.1%) and 65 VAP (84.4%). This represents 5/77 (6.5%) pneumonia co-
infections (present since admission) and 72/77 (93.5%) pneumonia super-infection (acquired
during hospitalisation). Median ICU stay and ventilation duration before the first VAP were
10 (IQR, 6-14) and 9 (IQR, 6-14) days respectively; 51/65 (78.5%) VAP were late-onset. The
length of hospitalization was longer for patients with VAP than in ventilated patients without
VAP (23 vs 8 days, p<0.001) (Table 1).

The most frequent bacteria involved in VAP (Table 1, S2 Table) were Staphylococcus aureus
(17/65, 26.2%), Pseudomonas aeruginosa (11/65, 16.9%), Klebsiella pneumoniae (9/65, 13.8%)
and Escherichia coli (8/65, 12.3%). No difference was observed in the distribution of bacteria
between early- and late-onset VAP (data not shown). Among Enterobacterales, 11/37 (29.7%)
were resistant to third-generation cephalosporins but susceptible to carbapenems (8 extended-
spectrum beta-lactamase and 3 high-level expression of cephalosporinase) and 5/37 (13.5%)
were resistant to carbapenems (all harboring an NDM-type carbapenemase).

Strikingly, we observed an unusual persistence of bacteria in the respiratory samples of
patients with VAP despite an adequate antibiotic therapy. Among patients still hospitalized 7
days following the initial VAP, the responsible bacteria was still detected in culture in 57.4%
(27/47) of cases. Presence of the bacteria, was 23.1% (6/26) among those who were still hospi-
talized 16 days following initial VAP (S1 Fig). The comparison of patients with (27/47) or with-
out (20/47) persistent VAP at D7 shows a lower age (52y vs 60.6y, p<<0.01) and a higher BMI
(31.5vs 27.8, p = 0.018) among those with persistent VAP (S3 Table).

4. Discussion

Here, we showed that almost half of COVID-19 ICU patients developed a bacterial infection.
Our study highlights two bacteriological peculiarities in these patients (i) an epidemiology of
BSI that may suggest digestive or oropharyngeal translocations and (ii) a persistence of bacte-
ria in the lungs of patients adequately treated for VAP.

We observed a higher rate (33.5%) of positive blood cultures than reported in the literature
(3.8% to 12%) [9, 10] and by the same ICUs last year (12.8%, personal data). More than half of
these were considered as contaminants that may be due to changes in guidelines and safety
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Table 1. Description of ICU COVID-19 patient with or without bloodstream infections and intubated patients with or without ventilator-associated pneumonia

(VAP).
- ALL With BSI Without BSI Univariate Intubated |Intubated patient| Intubated patient | Univariate
analysis P patient with VAP without VAP analysis P
n=197 | n=31 | n-=166(843%) n=129 n=650504%) | n=64(49.6%)
(15.7%)
Characteristics
Age,y 59[50-68] | 57[51-64] 50[59-68] 1 58[49-67] 58[50-66] 58[48-67] 1
Male sex 148(75.1) | 23(74.2) 125(75.3) 0.8 93(72.1) 48(73.9) 45(70) 0.8
BMI(kg/m2) 28.7 30[27-33.3] 28(24-32] 0.007 29.0[25.5— 29.5[26.0-33.2] 28.7[25.2-32.5] 0.2
[25.2—- 33.1]
32.3]
Comorbidities
Smoker 14(7.1) 1(3.2) 13(7.8) 0.3 8(6.2) 4(6.2) 4(6.3) 0.3
Chronic alcoholism 5(2.5) 0 5(3.0) 0.3 3(2.3) 2(3.1) 1(1.6) 0.3
Diabetes mellitus 59(29.9) 12(38.7) 47(28.3) 0.3 41(31.8) 19(29.2) 22(34.4) 0.7
Chronic kidney disease 24(12.2) 5(16.1) 19(11.4) 0.7 18(14.0) 8(12.3) 10(15.6) 0.8
Chronic pulmonary disease 24(12.2) 8(25.8) 16(9.6) 0.061 17(13.2) 11(16.9) 6(9.4) 0.3
Liver dysfonction 6(3.0) 1(3.2) 5(3.0) 0.6 3(2.3) 1(1.5) 2(3.1) 1
Cardiac trouble 45(22.8) 10(32.2) 35(21.1) 0.3 32(24.8) 16(24.6) 16(25.0) 0.9
Immunosuppression 31(15.7) 2(6.5) 29(17.5) 0.2 19(14.7) 8(12.3) 11(17.2) 0.6
Days from hospital admission 2(1-4] 2[1-4] 2(1-4] 0.9 2[1-3] 2(1-4] 2[1-3] 0.9
to ICU
Antibiotics before ICU 130(66.0) 18(58.1) 112(67.5) 0.4 84(65.1) 47(72.3) 37(57.8) 0.1
In ICU
SAPS II 34[25-50] | 46[31-61] 33[24-47] 0.007 42[31-60] 41[31-57] 42[30-61] 1
Intubation 129(65.5) 31(100) 98(59.0) <0.001 129(100) 65(100) 64(100) 1
Anti-inflammatory 101(51.3) 21(67.7) 80(48.2) 0.2 68(52.7) 36(55.4) 32(50) 0.4
treatment before infection
Antibiotics 179(91.0) 31(100) 148(89.2) 0.1 125(96.9) 65(100) 60(93.8) 0.1
Length of hospitalization, d 8 [5-18] 14[22-35] 5[3-8] <0.001 14 [7-25] 23[15-36] 8[5-13] <0.001
Outcome
Transfer to medecine 83(42.1) 2(6.5) 81(48.8) <0.001 29(22.5) 11(16.9) 18(28.1) 0.2
services
Death 71(36.0) 19(61.3) 52(31.1) 0.003 62(48.1) 34(52.3) 28(43.7) 0.4
Bacteria & antibiotic resistance Total BSI source BSI source Total bacteria*:87
bacteria®: 35 | documented
Enterobacteriaceae
Escherichia coli 2(6.5) 0 8(12.3)
Klebsiella pneumoniae 0 0 9(13.8)
Enterobacter cloacae 1(3.2) 0 5(7.7)
Klebsiella aerogenes 1(3.2) 0 5(7.7)
Others 0 10(15.4)
Total 4(12.9) 37(56.9)
ESBL & HCASE 1(25.0) 11(29.7)
CPE 0 5(13.5)
Non-fermenting bacteria
Pseudomonas aeruginosa 3(9.7) 2 KT / Lung 11(16.9)
Acinetobacter baumannii 0 4(6.2)
Others 0 5(7.7)
Total 3(9.7) 21(32.3)
(Continued)
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Table 1. (Continued)

- ALL

R_carbapenems
Other Gram-negative rods
Haemophilius influenzae
Staphylococcacae
Staphylococcus aureus
MRSA
CoNS
Enteroccoccus
Enterococcus faecalis
Others
Streptococcacae
Streptococcus viridans group
Streptococcus milleri group

Anaerobes

* There can be several bacteria in a single sample

With BSI Without BSI Univariate Intubated |Intubated patient | Intubated patient | Univariate

analysis P patient with VAP without VAP analysis P
0 5(23.8)
0 2(3.1)
4(12.9) 3 KT / Lung 17(26.2)
0 1(5.9)
6(19.3) 5 KT 1(1.5)
9(29.0) 1 Lung 2(3.1)
2(6.5) 0 0
3(9.7) 1 Lung 4(6.2)
1(3.2) 0 2(3.1)
3(9.7) 0 0

Abbreviations: BSI, Blood stream infection; BMI, Body mass index; ICU, Intensive care unit; ESBL, Extended Spectrum Beta-Lactamase; HCASE, Hyperproduction of

cephalosporinase; CPE, Carbapenemase-producing Enterobacteriaceae; R_carbapenems, Resistante to carbapenems; CoNS, Coagulase-negative staphylococci; MRSA,

Methicillin-resistant Staphylococcus aureus; KT, Catheter

https://doi.org/10.1371/journal.pone.0250728.t001

equipment of nursing staff due to the COVID-19 crisis. Bacteria causing BSI were mainly
Enterococci (35.5%), Staphylococci (32.2%) and Streptococci (12.9%) which is unusual in ICU
patients. Indeed, the bacteria causing BSI in the same ICUs last year were rather Enterobacter-
ales (33.3%), then Staphylococci (30.3%) and Enterococci (18%), (personal data). Interestingly,
in 54.8% of episodes, no origin of the BSI could be determined and translocation of bacteria
from digestive or oropharyngeal microbiota was suspected. One hypothesis is that the hyper-
inflammatory status of COVID-19 patients may increase the permeability of the intestinal or
oropharyngeal barriers and thus bacterial translocations. The description of the composition
of the intestinal and oropharyngeal microbiota would be helpful to understand the origin of
these unusual BSIs [11].

We also observed that 50.4% of COVID-19 ICU intubated patients developed a VAP, a rate
much higher than observed in the literature (ranging from 0% in USA [12], 7.5% [13] in Spain,
and to 30.6% in France) [14]. The distribution of bacteria causing VAP did not show any par-
ticularity, however, we observed a high rate of multi-drug resistant bacteria (MDRB). This
could be explained by an increased use of antibiotics in COVID-19 patients (91%), associated
with an increase of MDRB dissemination in the ICUs. Antibiotic prescription is often chal-
lenging and must take into account, on one hand, the pathology, the isolated bacteria and its
sensitivity to antibiotics, the clinical evolution of the patient, and on the other hand, the risk of
emergence of bacterial resistance. All these criteria are even more difficult to manage with a
such complicated pathology as COVID-19 and in a crisis situation [15].

Surprisingly, we observed that VAP bacteria clearance from the lungs was exceptionally
slow despite adequate antibiotic therapy. The cause of antimicrobial failures remains specula-
tive. The main reasons advocated by experts are (i) pharmacodynamic alterations due to fre-
quent glomerular hyperfiltration, even though in our study we did not find any difference in
renal function between the patients, (ii) pharmacodynamic alterations due to a high BMI,
which seems to be the case in this study, (iii) a probable decrease in the antimicrobial lung
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concentration associated with pulmonary emboli and obstruction of the pulmonary vascula-
ture frequently observed in ICU COVID-19 patients [16], and/or (iv) an impaired immune
response. To our knowledge, these observations have not previously been described in the lit-
erature. However, the duration of microbiological persistence of VAP bacteria according to
the clinical outcome is unknown. A study showed that in 46% of clinical cure pneumonia, a
microbiological failure (persistence of bacteria) was observed [17]. However, in our study, the
microbiological failure was systematically associated with clinical failure justifying a repeat
sampling. A case-control study to explore the microbiological outcome in COVID-19 patients
with VAP would be needed.

This retrospective observational study was conducted in a single center (comprising two
ICUs) with a small sample size and only during the first wave of SARS-CoV-2 epidemic infec-
tions. Our observations should be confirmed by a multi-center case-control study and experi-
mental confirmation.

In conclusion, this work is the first of its kind to describe bacterial persistence in the lungs
despite adequate therapy, as well as frequent bloodstream infections possibly associated with
bacterial translocations originating from the digestive or oropharyngeal microbiota, in
COVID-19 ICU patients.
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