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This study aimed to investigate the frequency and characteristics of respiratory co-infections in COVID-19
patients in the intensive care unit (ICU). In this retrospective observational study, pathogens responsible
for potential co-infections were detected by the bacterial culture, real-time polymerase chain reaction
(RT-PCR), or serological fungal antigen tests. Demographic and clinical characteristics, as well as mi-
crobial results, were analyzed. Bacterial culture identified 56 (58.3%) positive samples for respiratory

Iég’\}'}’lgn]';" pathogens, with the most common bacteria being Burkholderia cepacia (18, 18.8%). RT-PCR detected 38
U B (76.0%) and 58 (87.9%) positive results in the severe and critical groups, respectively. Most common

pathogens detected were Stenotrophomonas maltophilia (28.0%) and Pseudomonas aeruginosa (28.0%) in
the severe group and S. maltophilia (45.5%) in the critical group. P. aeruginosa was detected more during
the early stage after ICU admission. Acinetobacter baumannii and Staphylococcus aureus were more
frequently identified during late ICU admission. Fungal serum antigens were more frequently positive in
the critical group than in the severe group, and the positive rate of fungal serum antigens frequency
increased with prolonged ICU stay. A high frequency of respiratory co-infections presented in ICU COVID-
19 patients. Careful examinations and necessary tests should be performed to exclude these co-
infections.

Critically ill patient
Co-infection
Respiratory pathogen
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Coronavirus disease 2019 (COVID-19) is a worldwide pandemic
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). In addition to SARS-CoV-2, bacteria and fungi are reported
to cause co-infections in critically ill patients with COVID-19, which
increases its morbidity and mortality [1,2]. Within the first few days
after SARS-CoV-2 infection, critically ill patients with COVID-19
often develop respiratory tract distortion or pulmonary dysbiosis,

* Corresponding author. Critical Care Medicine Department of Beijing Ditan
Hospital, Capital Medical University, No. 8th of Jingshun East Street, Beijing, 100015,
China.

** Corresponding author. Emergency Department of Infectious Diseases of Beijing
Ditan Hospital, Capital Medical University, No. 8™ of Jingshun East Street, Beijing,
100015, China. Fax: +86 010 84322785.
E-mail addresses: linghang.wang@ccmu.edu.cn (L. Wang), dtyyicu@ccmu.edu.cn
(J. Liu).
1 These authors contributed equally to this study.

https://doi.org/10.1016/j.micinf.2021.104806

which can further progress into a secondary bacterial or fungal
infection few weeks later [3—5]. A study from Cambridge, UK, re-
ported that a high percentage (9/14) of patients with COVID-19 in
the intensive care unit (ICU) had confirmed secondary ventilator-
associated pneumonia (VAP) [6]. The rapid and accurate identifi-
cation of bacteria or fungi that present as pathogenic or resident
microorganisms during the course of COVID-19 should be an
important step during the management of COVID-19 patients
[7—9]. However, the exact frequency of co-infections, the patho-
gens responsible for the co-infections, and the progress of the co-
infections in critically ill patients with COVID-19 remain largely
unknown.

In the present study, we analyzed the frequency and charac-
teristics of respiratory co-infections among critically ill COVID-19
patients in the ICU.

1286-4579/© 2021 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.
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1. Materials and methods
1.1. Study design, participant selection, and data collection

This retrospective observational study included patients with
confirmed COVID-19 who were admitted to the ICU at the Beijing
Ditan Hospital, Capital Medical University, Beijing, China, from
January 30, 2020 to April 13, 2020. The study was approved by the
Ethics Committee of Beijing Ditan Hospital (KT2020-036-02).

The diagnosis of COVID-19 and the severity assessment were
defined in accordance with the National Clinical Guidance for
COVID-19 Diagnosis and Treatment of China (seventh edition) by
the National Health Commission [10]. Severe patients were those
patients with one of the following criteria: 1) no requirement for
supplemental oxygen, 2) oxygen saturation at rest <93%, 3) respi-
ratory rate more than 30 breaths/min, 4) respiratory distress.
Critical patients were those with acute respiratory failure (PaO,/
FiO, < 300, 30 > breaths/min), shock, organ failure required me-
chanical ventilation or intensive care management considered as
critical. The demographics, gender, age, clinical data, and microbi-
ology results were obtained from the electronic medical records.

1.2. Laboratory technique

Sputum and bronchoalveolar lavage (BAL) samples were
collected for quantitative bacterial culture. Specimens were
streaked on agar plates, including blood agar, MacConkey's, and
chocolate agar, and then were incubated at 37 °C (chocolate agar
with 5% CO,). After incubation for 24 and 48 h, the bacteria were
identified by a Phoneix-100 Automatic Microbiology System (BD,
Maryland, USA). The results were reported according to the stan-
dard of the National Guide to Clinical Laboratory Procedures of
China (third edition) [11].

Sputum and nasopharyngeal swab samples were used in a
multiple real-time PCR (RT-PCR) assay using the Multiple Com-
bined Real-time PCR Detection Kit (Uninovo Biological Technology,
Jiangsu, China) for 15 respiratory pathogens including Streptococcus
pyogenes, Staphylococcus aureus, Klebsiella pneumoniae, Haemophi-
lus influenzae, Legionella pneumophila, Mycobacterium tuberculosis,
Acinetobacter baumannii, Chlamydia pneumoniae (CP), Mycoplasma
pneumoniae (MP), Moraxella catarrhalis (M. catarrhalis), Escherichia
coli (E. coli), S. maltophilia, Streptococcus pneumoniae, P. aeruginosa,
and Pneumocystis carinii (PC). Multiple RT-PCR was performed us-
ing an ABI 7500 Real-Time PCR System (Applied Biosystems, USA)
and reported according to the manufacturer's instructions.

Fungal infection was determined by serological assays, including
a (1,3)-p-D-glucan (G) test and a galactomannan (GM) test. Serum
samples, including the early stage (1—5 days), middle stage (5—12
days), and late stage (>12 days) after ICU admission, were collected
and stored at —80 °C. The kits for the G and GM tests were pur-
chased from Dynamiker Biotechnology Co., Ltd (Tianjin, China). The
tests were performed using a Dynamiker Automatic ELISA Work-
station (A200; Tianjin, China) and results are reported according to
the manufacturer's instructions.

1.3. Statistical analyses

All statistical analyses were performed in SPSS Version 22.0
(IBM, New York, USA). Figures were generated using GraphPad
Prism Version 6.0 (GraphPad Software, San Diego, Canada) and
[llustrator Version CS6 (Adobe, San Jose, Canada). Abnormally
distributed continuous variables are presented as median and
interquartile range (IQR), and were compared with a
Mann—Whitney test. Independent binomial variables are pre-
sented as percentages, and were analyzed by either Pearson's chi-
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square test or Fisher's exact test. A P value < 0.05 was considered
statistically significant.

2. Results

A total of 20 COVID-19 patients admitted to the ICU from January
30, 2020 to April 13, 2020 were included in this study. There were 7
patients (35.0%) in the severe group with the median age of 39
years (interquartile range, IQR, 36—67 years). Thirteen patients
(65.0%) were in the critical group with a median age of 69 years
(IQR, 64—80 years). Compared to patients in the severe group, pa-
tients in the critical group was significantly older than in severe
group (P < 0.01), and the length of stay in ICU of critical group was
significantly (P < 0.01) longer than that of severe group. The critical
group including 4 cases (30.8%) had significantly (P = 0.005) higher
rate of patients supported by extracorporeal membrane oxygena-
tion (ECMO) (see Table 1).

2.1. Identification of respiratory bacterial infections

In these 13 critical patients, 23 BAL samples and 73 sputum
samples were obtained for bacterial cultures. A total of 56 respi-
ratory samples (58.3%) were identified to have respiratory bacterial
pathogens (Table 2). The two most common pathogens in the
critical group were Burkholderia cepacia (18/96, 18.8%) and
S. maltophilia (15/96, 15.6%).

RT-PCR assay detected at least one bacterial pathogen in 38 of
the 50 samples collected from the severe group, which yielded a
positivity rate of 76.0% (Table 2). The most abundant pathogens
were S. maltophilia (14, 28.0%), P. aeruginosa (14, 28.0%), and
A. baumannii (10, 20.0%). Multiple RT-PCR assay detected signifi-
cantly more pathogens in 58 of 66 specimens from the critical
group, yielding a higher positivity rate of 87.9%. The most prevalent
bacteria were S. maltophilia (30, 45.5%). The RT-PCR assay detected
31 more respiratory pathogens, including P. aeruginosa, E. coli,
M. catarrhalis, H. influenzae, S. pneumoniae, and S. pyogenes, than the
culture method. We note, however, that our RT-PCR assay was not
designed to detect B. cepacia, M. morganii, and Escherichia cloacae.
L. pneumophila, M. tuberculosis, CP, MP, and PC were not detected in
either the severe group or the critical group.

As shown in Table 3, in the 96 specimens with a positive result
from the multiple RT-PCR assay, more than half (50, 52.1%) of the
specimens had only one bacterium detected. Twenty-seven (28.1%),
12 (12.5%), and 7 (7.3) specimens had two, three, and four types of
bacteria detected, respectively. There were no statistically signifi-
cant differences in the frequency of different bacteria detected
between the severe and critical groups (Table 3).

2.2. Characteristics of bacterial pathogens through the ICU course

In the severe group, at least one respiratory bacterial pathogen
was detected in all 7 patients via multiple RT-PCR assay during the
first five days after ICU admission, with the most common bacte-
rium being P. aeruginosa (5/7, 71.4%) (Fig. 1A). Pathogens from the
first specimens of 5 patients, including patients S2, S4, S5, S6, and
S7, were still detected positive during the subsequent tested
specimens. However, patients S1 and S3 had different pathogens
detected in each subsequent tested specimen. Except patient S1, all
other 6 patients had pathogens identified in the respiratory spec-
imens after they were transferred to the general ward. In the severe
group, the longest length of time for a positive respiratory bacte-
rium, including K. pneumoniae, S. aureus and P. aeruginosa, was 22
days from patient S6. Bactria were still able to be identified from
specimens from the 7 patients after their SARS-CoV-2 RT-PCR tests
were negative.
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Table 1
Demographic and clinical characteristics of critically ill COVID-19 patients upon ICU admission.
Characteristic Severe Group (n = 7) Critical Group (n = 13) P
Age (years), median (IQR) 39 (36—67) 69 (64—80) <0.001
Gender, n (%)
Female 5(71.4) 6 (46.2) 0.374
Male 2 (28.6) 7 (53.8)
Comorbidities, n (%)
Hypertension 7 (53.8) 1(14.3) 0.158
Diabetes 1(7.7) 1(14.3) 1.0
Cardiovascular disease 1(7.7) 0 1.0
Chronic lung disease 4(30.8) 0 0.249
Tumor 2(154) 0 0.521
Antibiotics use, n (%) 5(71.4) 12 (92.3) 0.270
Antifungal drugs use, n (%) 3(42.9) 9(69.2) 0.359
Oxygen therapy, n (%)
HFNO 7 (100.0) 1(7.7) 1.0
Invasive ventilator 0 12 (92.3) 1.0
ECMO 0 4(30.8) 0.005
Length of stay (days), median (IQR)
Hospitalized 37 (32—-47) 43 (42—50) 0.168
ICU admitted 12 (6—12) 22 (21-44) <0.001

IQR, interquartile range; HFNO, high-flow oxygen/non-invasive ventilator; ECMO, extracorporeal membrane oxygenation.

Table 2
Microbial culture and multiple RT-PCR assay results from critically ill COVID-19
patients.

Characteristic Total Severe Group Critical Group
Culture test undertaken, n (%)
BAL 23 0 23
Sputum 76 3 73
Culture results, n (%)
B. cepacia 18 0 18 (18.8)
S. maltophilia 15 0 15 (15.6)
S. aureus 7 0 7(7.3)
A. baumannii 6 0 6(6.3)
M. morganii 5 0 5(5.2)
E. cloacae 4 0 4(4.2)
K. pneumoniae 1 0 1(1.0)
No growth 43 3(100.0) 40 (41.7)
RT-PCR test undertaken, n (%)
Nasopharyngeal swab 75 20 55
Sputum 41 30 11
RT-PCR results, n (%)
S. maltophilia 44 14 (28.0) 30 (45.5)
S. aureus 36 8(16.0) 28 (42.4)
P. aeruginosa 32 14 (28.0) 18 (27.3)
A. baumannii 21 10 (20.0) 11 (16.7)
E. coli 11 4 (8.0) 7 (10.6)
M. catarrhalis 9 5(10.0) 4(6.1)
K. pneumoniae 7 3(6.0) 4(6.1)
H. influenzae 2 1(2.0) 1(1.5)
S. pneumoniae 2 2(4.0) 0
S. pyogenes 1 0 1(1.5)
Non-detected 20 12 (24.0) 8(12.1)

In the critical group, bacteria were cultured from the respiratory
samples from 9 out of 12 patients (except patients C2, C4 and C6).
As shown in Fig. 1B, positive culture results were only obtained 6
days after ICU admission. Only 2 patients (patients C3 and C8) had
only one bacterium identified (S. maltophilia and E. cloacae,
respectively). At least two types of bacteria were cultured from the

specimens of the other 7 patients. The specimen collected in pa-
tient C7 42 days after ICU admission was positive for A. baumannii,
which was the longest time for a positive culture result. A positive
result was obtained much earlier by RT-PCR than that obtained via
the microbial culture test, especially in patients with an invasive
ventilator. Samples obtained from patients, including patients C5,
C6, C8, C11, and C12, a few days after the invasive ventilator
application provided a positive result via multiple RT-PCR assay.
P. aeruginosa was the most prevalent bacterium collected from the
critical group during the early stages and was detected in the
samples first collected from the 7 patients, including patients C2,
C4, C6, C9, C10, C11, and C12. A. baumannii and S. aureus were more
likely to be detected during the later stage of ICU admission, which
was observed in patients C1, C5, C8, C9, and C13. In all of the
collected specimens at different time points for multiple RT-PCR
assay, P. aeruginosa persisted the longest, up to 25 days in Patient
C11. Bacteria were still detected in specimens collected from 8
patients via multiple RT-PCR, even after their SARS-CoV-2 RT-PCR
tests were negative.

2.3. Identification of fungal pathogens infections

There was no significant difference in the positivity rates of the
G test and GM test from specimens collected from patients in the
severe group during the early, middle, and late stages of ICU
admission (P > 0.05) (Table 4). In the severe group, the positive rate
of G tests increased to 57.1% during the middle stage and dropped to
50.0% in the late stage since only 4 patients stayed more than 12
days in the ICU. In the critical group, the rates of positive G tests and
GM tests from the early and late stages were higher than those of
the severe group. The positive G-test and GM-test rates tended to
increase with the length of ICU stay, since the positive G-test rates
from the late stage (84.6%) were much higher than that of the
samples from the middle stage (69.2%) and early stage (46.2%).

Table 3

Bacteria detected from critically ill COVID-19 patients using a multiple RT-PCR assay.
Characteristic Total Severe Group (n = 38) Critical Group (n = 58) P
Any bacteria 96 (100.0) 38 (100.0) 58 (100.0) 0.136
Single bacterium 50 (52.1) 21(55.3) 29 (50.0) 0.679
Dual bacteria 27 (28.1) 12 (31.6) 15 (25.9) 0.542
Triple bacteria 12 (12.5) 3(7.9) 9(15.5) 0.269
Quadruple bacteria 7(7.3) 2(5.3) 5(8.6) 0.700
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Fig. 1. Respiratory pathogens from each specimen in critically ill COVID-19 patients. Respiratory pathogens were detected by microbial culture and a multiple RT-PCR assay.
Detected bacteria in individual specimens of each patient in the severe and critical groups are shown in A and B, respectively. The results from specimens were classified as the date
of patients admitted to the ICU. Patients S1 — 7 had severe illness and patients C1 — 13 had critical illness. Note. a, the date of receiving mechanical ventilation; b, the date of

supporting ECMO; 1, the date of being transferred to the general ward.

3. Discussion

In this study, we described the characteristics of co-infections in
critically ill ICU patients with COVID-19. Culture results from sputum
specimens or BAL specimens were available for 2 severe patients

and 9 critical patients; however, there were no pathogens isolated in
the early-stage specimens from the severe group, which might be
due to the limited volume of the collected samples. In the critical
group, B. cepacia and S. maltophilia were the two most common
bacteria that were cultured. The majority of specimens that yielded a
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G test and GM test results from critically ill COVID-19 patients according to disease course.

ICU admission No. of tested

(%)

Positive cases in severe group

No. of tested Positive cases in critical group

(%)

G test GM test G test GM test
Early stage (1—5 days) 7 2(28.6) 1(14.3) 13 6 (46.2) 3(23.1)
Middle stage (5—12 days) 7 4(57.1) 3(42.9) 13 9(69.2) 4(30.8)
Late stage (>12 days) 4 2 (50.0) 2 (50.0) 13 11 (84.6) 7 (53.8)

cultured organism were collected until 6 days after ICU admission.
Most of the specimens collected during the late stage of ICU
admission had a positive result from the bacterial culture. Thus far,
previous studies have reported that the positive culture rates of
respiratory bacterial pathogens from hospitalized patients with
COVID-19 ranged from 2.0% to 17.2% [6,8,9]. The rate of bacterial co-
infection in our study was higher than previous studies. This dif-
ference might be explained by the critical category, as well as the
multiple times that the specimens were collected in our study
[12—14]. This suggests that multiple attempts should be made to
collect specimens from critically ill COVID-19 patients at different
time points in order to identify pathogenic opportunistic bacteria.
Additionally, a review, which included 806 COVID-19 cases, reported
that a large percentage of COVID-19 patients (72%) received the
broad-spectrum antimicrobial therapy. Our results showed that
most of the cultured bacteria were detected during the middle and
late stages of ICU admission. Thus, the selections and recommen-
dations of empiric antimicrobial therapy for respiratory bacterial co-
infection should not be only based on the results from early cultured
specimens in critically ill patients with COVID-19 [15].

We used a commercially available kit for the multiple respira-
tory pathogens RT-PCR assay, which is able to detect 15 respiratory
pathogens. Compared with the microbial culture test, the multiple
RT-PCR assay identified more bacteria in specimens from patients
both in the severe group and critical group. The distribution of
positive results from the multiple RT-PCR assay tended to appear
during the early-stage and middle-stage of ICU admittance.
S. maltophilia, S. aureus, P. aeruginosa, and A. baumannii were the
most common bacteria detected in this study. As these are
frequently identified pathogens attributed to hospital-acquired
pneumonia (HAP) in the ICU, it was difficult to distinguish coloni-
zation from infection due to the high sensitivity of the multiple RT-
PCR assay [16—19]. We also analyzed the distribution of pathogens
identified using multiple RT-PCR assay throughout the ICU course.
Our results showed that the multiple tests performed at different
time points could improve the positive rates. A previous study
showed that COVID-19 patients were more susceptible to devel-
oping VAP due to the increased duration of ventilation [20]. In our
study, the majority of identified bacteria, either by culturing or
multiple RT-PCR assay, were identified during the treatments
without mechanical ventilation. Therefore, multiple RT-PCR assay
in combination with a sensitive and rapid diagnostic test might
shorten the time to pathogen identification and thereby decrease
the risk of false-negative cultures, thus optimizing antimicrobial
therapy in critically ill patients with COVID-19.

Respiratory viral infections, such as influenza, are recognized as
an independent risk factor for co-infection with Aspergillus, which
wis associated with a high mortality rate in critically ill patients
admitted to the ICU. Positive (1,3)-f-D-glucan and galactomannan
serum antigens in the critical group were more common than those
in the severe group. However, Aspergillus was not identified in any
specimens by culturing, which might be due to the frequent use of
antifungal prophylaxis in these patients. However, the positive rate
of fungal antigenemia was high, indicating that fungal co-infection
among critically ill patients with COVID-19 should not be ignored

[21]. Further studies on fungal co-infection need to address a more
rapid serological assay or antifungal prophylaxis among critically ill
patients with COVID-19.

Limitations of our study include a small sample size in a single
study center. Our retrospective design also brought biases into the
sample collection and comparisons. For example, some patients
received multiple RT-PCR assays but other patients received culture
analysis. Additionally, we did not have the results for the antimi-
crobial resistance patterns. More investigations should be per-
formed to further study the co-infections and antimicrobial
resistance patterns in COVID-19 patients.

We demonstrated a high frequency of respiratory bacterial and
fungal co-infections in critically ill COVID-19 patients admitted to
the ICU. These co-infections could be detected by culture from
sputum and BAL samples, multiple RT-PCT from the sputum or
nasopharyngeal swab samples, or serological fungal antigen tests.
Careful examinations and necessary tests should be performed to
exclude co-infections in order to appropriately treat critically ill ICU
COVID-19 patients.
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