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Abstract

Background: Co-infections, secondary bacterial or fungal infections, are important
risk factors for poor outcomes in viral infections. The prevalence of co-infection and
secondary infection in patients infected with SARS-CoV-2 is not well understood.
Aims: To investigate the role of co-infections and secondary infections in disease
severity of hospitalized individuals with COVID-19.

Materials and Methods: A retrospective study was carried out between 11 January
2020 and 1 March 2020 among 408 laboratory confirmed COVID-19 patients in
China. These patients were divided into three groups based on disease severity: mild
or moderate, severe, or critically ill. Microbiological pathogens in blood, urine, and
respiratory tract specimens were detected by the combination of culture, serology,
polymerase chain reaction, and metagenomic next-generation sequencing (mNGS).
Results: The median age of participants was 48 years (IQR 34-60 years). Fifty-two
patients (12.7%) had at least one additional pathogen, 8.1% were co-infected, and
5.1% had a secondary infection. There were 13 Mycoplasma pneumoniae cases, 8
Haemophilus influenzae cases, 8 respiratory viruses, and 3 Streptococcus pneumo-
niae cases, primarily detected in mild and moderate COVID-19 patients. Hospital-
acquired infection pathogens were more common in critically ill patients. Compared
to those without additional pathogens, patients with co-infections and/or secondary
infections were more likely to receive antibiotics (p < 0.001) and have elevated levels
of d-dimer (p = 0.0012), interleukin-6 (p = 0.0027), and procalcitonin (p = 0.0002).
The performance of conventional culture was comparable with that of mNGS in di-
agnosis of secondary infections.

Conclusion: Co-infections and secondary infections existed in hospitalized
COVID-19 patients and were relevant to the disease severity. Screening of common

respiratory pathogens and hospital infection control should be strengthened.

Abbreviations: ARDS, acute respiratory distress syndrome; BAL, bronchoalveolar lavage; CAP, community-acquired pneumonia; CDC, Chinese Centers

for Disease Control; cDNA, complementary DNA; CRP, C-reactive protein; CT, computed tomography; ICU, intensive care unit; IL-6, interleukin-6; IQR,

interquartile range; MNCP, micro/nanofluidic chip platform; mNGS, metagenomic next-generation sequencing; NMPA, National Medical Products
Administration; NP, nasopharyngeal; PCR, polymerase chain reaction; PCT, procalcitonin; RSV, respiratory syncytial virus; RV, respiratory virus;
SARS-CoV-2, severe acute respiratory coronavirus-2; VAP, ventilator-associated pneumonia; WHO, World Health Organization.
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1 | BACKGROUND

Coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) is an on-
going pandemic.' As of 30 October 2020, a total of 44 888 869
cases have been diagnosed and 1 178 475 deaths have been
reported worldwide by the World Health Organization.2
Although most COVID-19 cases are asymptomatic or have
mild symptoms similar with other respiratory viral infections,’
severe lower respiratory tract infections have disproportionately
affected older populations® and individuals with underlying
diseases, such as cardiovascular disease and diabetes.’ Similar
to common causes of respiratory viral pneumonia, autopsy of
COVID-19 death® revealed signs of acute respiratory distress
syndrome, fibrosis, and inflammatory injury.

Co-infections, especially secondary streptococcal or fun-
gal infections, are important risk factors for poor outcomes of
influenza pneumonias.7 For example, secondary bacterial in-
fections were identified in up to 34% of 2009 HIN1 pandemic
influenza cases treated in intensive care units (ICU) and up
to 55% of fatal cases.’ However, the role of co-infections
and secondary infections in COVID-19 patients is not well
described. Although antibiotics are not effective for SARS-
CoV-2, which are empirically used in COVID-19 patients
suspected with co-infection or secondary infection. Therefore,
understanding the epidemiological patterns of COVID-19
with co-infection and secondary infection is crucial for clin-
ical treatment and to help ensure rational use of antibiotics.

Microbiological testing is rapidly evolving and in many
cases, traditional microbiological testing is being eclipsed
by molecular methods for the detection of pathogens, allow-
ing for clinically relevant increases in speed and breadth of
detection. For example, Xpert® Flu/RSV assay can detect
influenza virus A, influenza virus B, and respiratory syncy-
tial virus (RSV) in respiratory specimens within 40 min,lo
while micro/nanofluidic chip platform can detect multiple
pathogens within 2 h.'" Although more time consuming,
metagenomic next-generation sequencing (mNGS) has been
proposed as a universal method to detect all pathogens in
a clinical sample and is especially suitable for rare, novel,
and atypical etiologies of complicated infectious diseases, >
such as COVID-19. Although the promise of these tools in
the future of infectious disease diagnostics is enormous, their
superiority to classical, “gold standard” approaches, such as
laboratory cultures, has not been fully validated.

As such, the objective of this study was to describe
the clinical and etiological characteristics associated with

co-infections and secondary infections of COVID-19 patients
presenting in Shenzhen, China and to compare the perfor-
mance of conventional culture with mNGS in the diagnosis
of secondary infections.

2 | METHODS

2.1 | Data and sample collection

On 8 January 2020, Shenzhen Centers for Disease Control
(CDC) identified the first case of pneumonia with un-
known cause. The Shenzhen Third People's Hospital is the
only government-mandated hospital for the treatment of
COVID-19 patients in this metropolis of 20 million peo-
ple. Between 11 January 2020 and 1 March 2020, a total
of 418 patients diagnosed with SARS-CoV-2 infections
were admitted to our hospital. A total of 408 patients who
received at least one microbiological test were enrolled
in this study (Figure 1) and their clinical and laboratory
findings, microbiological investigation results, and tho-
racic computed tomography scans were retrospectively
collected.

Furthermore, patients were classified into disease groups
based on COVID-19 severity.13 Mild cases were defined as
patients presenting with mild clinical symptoms without
pneumonia manifestation on imaging. Moderate cases were
patients presenting with a fever and respiratory symptoms,
along with radiological findings of pneumonia. Severe cases
met any one of the following criteria: respiratory distress,
hypoxia (SpO, < 93%), or abnormal blood gas analysis
(PaO, < 60 mmHg, PaCO, > 50 mmHg). Lastly, critical
cases met any one of the following criteria: respiratory fail-
ure requiring mechanical ventilation or shock accompanied
by other organ failure that required ICU care. The patients
were then divided into three groups: mild and moderate, se-
vere, and critically ill.

Blood samples and nasopharyngeal swabs were routinely
collected from each patient, and lower respiratory samples,
including sputum and bronchoalveolar lavage fluid (BAL),
were collected when available and clinically indicated. Blood
cultures were also obtained when clinically indicated. All
samples were sent to the clinical laboratory of the hospital
for pathogen detection by molecular assay and/or conven-
tional culture. This study was approved by the Institutional
Review Board of Shenzhen Third People's Hospital (number
2020-100).
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FIGURE 1
microbiological testing

Patients enrollment and

418 COVID-19 patients

10 patients were excluded in the
study, who received no
microbiological testing except
for SARS-CoV-2

408 patients were enrolled, who
received at least one
microbiological testing besides
SARS-CoV-2 PCR
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Serological detection

in 399 patients

* IgM and IgG detection of
Mycoplasma pneumoniae

and Chlamydia pneumoniae

Conventional culture Molecular detection

*  Xpress FIWRSV in 348 patients
* Bacterial PCR in 45 patients

¢ Blood mNGS in 14 patients

¢ BALmNGS in 13 patients

¢ Sputum mNGS in 9 patients

*  Blood culture in 239 patients
¢ Sputum culture in 68 patients
¢ Urine culture in 56 patients
*  BAL culture in 20 patients

2.2 | Conventional microbiological testing
Microbiological culture was performed on sputum, BAL,
urine, and blood at the Clinical Laboratory of our hospital.
All sputum samples were examined by microscopy and sam-
ples containing a preponderance of leukocytes and a few
squamous epithelial cells per 100X magnification field were
considered acceptable for culture. Qualitative cultures of
blood samples were performed.

2.3 | Nucleic acid extraction and molecular
detection of SARS-CoV-2

Nucleic acid was extracted from respiratory tract samples
with the Nucleic Acid Isolation Kit (DA0630, DA’AN,
Guangzhou, China) using semi-automatic Nucleic Acid
Extraction System. The real-time RT-PCR assay was per-
formed using a SARS-CoV-2 Nucleic Acid Detection Kit
(DA’ AN, Guangzhou, China). Two target sequences in open
reading frame lab (ORFlab) and nucleocapsid protein (N)
were simultaneously amplified and tested. Amplification
of human RNase P gene was used to qualify the sampling
process. Positive results were repeated by the local Chinese
CDC using different kits approved by the National Medical
Products Administration (NMPA).

2.4 | Molecular detections of respiratory
viruses and bacteria pathogens

We detected influenza virus and RSV using the Xpert® assay
(Cepheid, Sunnyvale, CA)."° Pathogenic Bacterial Nucleic
Acid Detection Kit (CapitalBio Technology, Beijing,
China) was used to detect 13 bacterial pathogens, includ-
ing Streptococcus pneumoniae, Staphylococcus aureus,
Methicillin-resistant staphylococcus aureus, Escherichia

coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Acinetobacter baumannii, Stenotrophomonas maltophilia,
influenzae, pneumophila,
Mycoplasma pneumoniae, Chlamydia pneumoniae, and
Mycobacterium tuberculosis complex.

Haemophilus Legionella

2.5 | PCR and Sanger validation

Clinical isolates with low ID score from MALDI-TOF-MS
Biotyper were identified by colony PCR combined Sanger se-
quencing. Briefly, DNA from clinical isolates was extracted, fol-
lowed by the amplification of bacterial 16S rRNA or fungal ITS
regions.'*!> The specific primers used for the gene amplification
are as follows: Bact-F: 5'-AGAGTTTGATYMTGGCTCAG-3’
and Bact-R: 5'-TACGGYTACCTTGTTACGACT-3', ITS-1:
5’-TCCGTAGGTGAACCTGCGG-3'" and ITS-4:5'-TCCTCC
GCTTATTGATATGC-3'. Subsequently, the PCR products
were sequenced and species identification was determined by
BLAST with a sequence identity >99%.

2.6 | Metagenomic next-generation
sequencing

Nucleic acid of blood (14 patients), BAL (13 patients),
and sputum (9 patients) was extracted and complementary
DNA (cDNA) was generated from an RNA template by re-
verse transcription. DNA libraries were constructed through
DNA-fragmentation, end-repair, adapter-ligation, and PCR
amplification. Quality qualified libraries were sequenced by
BGISEQ-50 platform for 20 million reads.'® High-quality se-
quencing data were generated by removing low-quality and
short (length <35 bp) reads, followed by computational sub-
traction of human host sequences mapped to the human ref-
erence genome (hg19) using Burrows-Wheeler Alignment.17
The remaining data were classified by simultaneously
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aligning to four Microbial Genome Databases, consisting of
4061 viruses, 2473 bacteria, 199 fungi, and 135 parasites.
mNGS and conventional culture were compared and assessed
only in 13 patients (12 critically ill patients and 1 severe ill
patient), since whose specimens (blood, BAL, or sputum)
were detected by these two detection assays at the same time.

2.7 | Definition of etiology in this study
Co-infections were considered present at the time of admis-
sion (initial 48 h), secondary infections emerged during the
course of hospitalization.1 The definition for pathogen de-
tection was based on positive results from at least one test-
ing method. The etiology was considered definite if one
of the following criteria was met: (a) positive growth of a
non-skin flora commensal on one or more blood culture; to
define a bloodstream infection as that caused by a common
skin colonizer such as coagulase-negative staphylococci or
Corynebacterium, we required two or more blood cultures
drawn from different sites and a clinical evaluation from one
of our researchers (YYX or ZFJ); (b) >10* cfu/ml culture
from BAL or urine; (¢) positive culture from purulent sputum
with compatible findings on gram staining; and (d) a four-
fold increase in IgG antibodies of Mycoplasma pneumoniae
or Chlamydia pneumoniae between acute and convalescent
phase samples. The criteria of probable etiology were: (a)
positive IgM antibody for Mycoplasma pneumonia, (b) de-
tection of a respiratory virus or bacterial pathogen in respira-
tory samples by molecular detection, and (c) number of reads
of viruses and conditional pathogens (bacteria and Candida)
detected by mNGS was >50, tuberculosis and filamentous
fungi was >3.18

2.8 | Statistical analysis

Categorical variables were presented as numbers and percent-
ages. Data for continuous variables were presented as median
(IQR). Comparisons of clinical features were conducted be-
tween individuals with and without co-infection using a ;(2
test and the Mann—Whitney test (SPSS 22.0).

3 | RESULTS

3.1 | Patient characteristics

Of 408 enrolled COVID-19 patients, 52 (12.7%) patients
had at least one additional pathogen detected. The overall
fatality rate was 0.7%. As shown in Table 1, more patients
with co-infections or secondary infections had diabetes
(p = 0.036), were critically ill (p < 0.001), acquired required

oxygen therapy (p = 0.044) and received antibiotic therapy
(p < 0.001). Patients with thrombocytopenia (p = 0.032), and
higher levels of p-dimer (p = 0.0012), Interleukin-6 (IL-6)
(p = 0.0027), and procalcitonin (PCT) (p = 0.0002) were
more likely to have an additional pathogen.

Microbial etiology within 48 h after patient's admission
was determined in 33 (8.1%) of the 408 COVID-19 patients
(Table 2), among which 29 patients of them have mild and
moderate disease. Viral co-infections were detected in eight
patients (2.3%), including RSV (four patients), Influenza
virus B (three patients), and Influenza virus A (one patient).
Thirteen patients (3.2%) were positive with Mycoplasma
pneumoniae IgM. The most common bacterial co-infections
were Haemophilus influenzae (n = 8), Streptococcal pneumo-
niae (n = 3), Staphylococcus aureus (n = 3), and Klebsiella
pneumoniae (n = 2). Four patients had more than one co-
infected bacterium.

Twenty-one (5.1%) patients experienced secondary bac-
terial and fungal infections, among those 5 and 15 patients
were, respectively, classified as severe and critically ill groups
(Table 3). Bacterial pathogens included Acinetobacter bau-
mannii (n = 7), Stenotrophomonas maltophilia (n = 6),
Klebsiella pneumoniae (n = 5), Pseudomonas aeruginosa
(n=)25), and Enterobacter aerogenes (n = 4). Fungal pathogens
were comprised of Aspergillus fumigatus (n = 2), Aspergillus
flavus (n = 1), Penicillium rolfsii (n = 1), and Candida para-
psilosis (n = 1). Furthermore, four filamentous fungi were iso-
lated from three patients. Although the physician prescribed
antifungal medication (Voriconazole) for treatment, the two
patients still died, indicating that the fatality of the patients
with fungal secondary infection may be relatively high. Herpes
simplex virus-1 was detected in five critically ill patients.

Both co-infection and secondary infection occurred
in two patients: one severe ill patient was co-infected with
Haemophilus influenzae, and secondary infected with
Pseudomonas aeruginosa, who was discharged after 49 days
treatment; and one critically ill patient was co-infected
with Klebsiella pneumoniae, and secondary infected with
Aspergillus flavus and Aspergillus fumigatus, was discharged
after 45 days treatment.

3.2 | Etiological yield of different
detection assays

As shown in Table 4, molecular and serological testing
for RVs identified 15 mild and moderate patients with co-
infections. A total of 12 (26.7%) patients were positive for
bacterial PCR. The positivity rate of conventional culture of
BAL, sputum, and urine was 65%, 22.1%, and 5.4%. Because
mNGS was only performed in less than 14 severe and criti-
cally ill patients, positivity obtained from mNGS measures
was 28.6% for blood, 92.3% for BAL, and 66.7% for sputum.
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TABLE 1 Demographics features of COVID-19 patients on admission to hospital

Median (IQR) age, years
Gender, male
Comorbidity
Hypertension
Diabetes
Cardiovascular diseases
Cancer
Others
Symptoms at admission
Median (IQR) days from onset to admission
Severity group
Mild and moderate
Severe ill
Critically ill
Treatment
Oxygen therapy
Antibiotic treatment
Antiviral treatment
Blood routine
Leukocyte count (x10%L)
>10 x 10°%/L
<4 x 10°/L
Lymphocyte count (Xx10%/L)
<1.5 x 10°/L
Platelet count
<150 x 10%/L
Hemoglobin (g/L)
Coagulation function
p-dimer (pg/L)
>0.5 pg/L
Infection-related biomarkers
C-reactive protein (mg/L)
>10 mg/L, n = 393
IL-6 (pg/ml) (n = 348/47/301)
>7 pg/ml, n = 326
Procalcitonin (ng/ml)
>0.25 ng/ml, n = 385
Clinical outcomes®
Remained in hospital
Discharged
Median (IQR) duration of hospitalization
Died

Note: Data are no. (%) and median (IQR).

“Clinical outcomes were recorded till 16 March 2020.

All patients
(n = 408)
48.0 (34.0-60.0)
196 (48.0)
106 (26.0)
53 (13.0)
22 (5.4)
15 (3.7)
7 (1.7)
35(8.6)
357 (87.5)
3 (1-6)

319 (78.2)
71 (17.4)
18 (4.4)

138 (33.8)
60 (14.7)
408 (100)

47 (3.8-5.9)
112.7)
122 (29.9)
1.3 (1.0-1.8)
256 (62.7)

186.0 (148.0-233.0)

107 (26.2)

137.0 (126.0-147.0)

0.4 (0.3-0.5)
127 31.1)

9.5 (4.1-25.1)

197 (48.3)

9.6 (3.9-19.4)

190 (54.6)

0.0 (0.0-0.1)
6 (1.5)

13(3.2)
392 (96.1)
20.0 (15.0-27.0)
3(0.7)

At least one additional
pathogen (n = 52)

54.5 (35.0-65.25)

26 (50.0)
18 (34.6)
10 (19.2)
6 (11.5)
3(5.8)
0 (0)
6(11.5)
47 (90.4)
3(2-5.25)

30 (57.7)
7 (13.5)
15 (28.8)

24 (46.1)
34 (65.4)
52 (100)

4.8 (4.0-6.3)
3(5.8)

13 (25)

1.2 (0.9-1.7)

36 (69.2)

171.0 (128.0-228.5)

20 (38.5)

135.5 (123.3-145.0)

0.5 (0.3-1.0)
23 (44.2)

11.2 (3.2-28.3)
27 (51.9)
19.1 (5.3-36.1)
32 (68.1)
0.1 (0.0-0.1)
3(5.8)

6(11.5)
43 (82.7)
20.0 (14.0-27.0)
3(5.8)

No additional pathogen
detection (n = 356) p value
47.0 (34.0-59.0) 0.32
170 (47.8) 0.76
88 (24.7) 0.13
43 (12.1) 0.15
16 (4.5) 0.036
12 (3.4) 0.42
7 (2.0) 0.60
29 (8.1) 0.41
310 (87.1) 0.65
3 (1-6) 0.33
289 (81.2) <0.001
64 (18.0) 0.56
3(0.8) <0.001
114 (32.0) 0.044
26 (7.3) <0.001
356 (100) >0.99
4.6 (3.8-5.9) 0.26
8(2.2) 0.15
109 (30.6) 0.40
1.3 (1.0-1.8) 0.14
220 (61.8) 0.31
188.0 (150.0-234.0) 0.070
87 (24.4) 0.032
137.0 (127.0-147.0) 0.18
0.4 (0.2-0.5) 0.0012
104 (29.2) 0.026
9.4 (4.3-25.0) 0.57
170 (47.8) 0.63
8.8 (3.8-17.4) 0.0027
158 (52.5) 0.046
0.0 (0.0-0.1) 0.0002
3(0.8) 0.03
7 (2.0) 0.0002
349 (98.0) <0.001
20.0 (15.0-27.0) 0.84
0 (0) 0.002
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TABLE 2 Distribution of co-infections within 48 h after admission

Pathogen identified

Respiratory virus (n = 348)
Respiratory syncytial virus
Influenza virus B

Influenza virus A

IgM testing of atypical bacteria (n = 399)

Mycoplasma pneumoniae

No. (%) of patients
(n = 408)

8(2.3)

4

3

1

13 (3.2)

13

Mild and moderate Severe ill
(n =319) n=171)

13

Critically ill
(n =18)

Bacterial PCR (n = 45) 12 (26.7)
Haemophilus influenzae 6 4 2
Klebsiella pneumoniae 2 1 1
Streptococcus pneumoniae 1 1
Staphylococcus aureus + Streptococcus pneumoniae
Staphylococcus aureus + Haemophilus influenzae

Methicillin-resistant staphylococcus aureus + Haemophilus
influenzae + Streptococcus pneumoniae

Total 33(8.1) 29 (9.1) 3(4.2) 1(5.6)

TABLE 3 Distribution of secondary infection pathogens
No. (%) of patients Mild and moderate Severe ill Critically ill

Pathogen identified (n = 408) (n =319) n="171) (n=18)

Bacterial pathogens
Acinetobacter baumannii
Stenotrophomonas maltophilia
Pseudomonas aeruginosa
Klebsiella pneumoniae
Enterobacter aerogenes®
Ralstonia mannitolilytica
Burkholderia multivorans
Escherichia coli
Pseudomonas putida
Enterococcus faecium
Staphylococcus aureus

Enterococcus faecalis

—_ = = NN N W W AR L
e T S T O N Y I U S U S

Sphingomonas Paucimobilis

—
—

Bacteroides ovatus

S O O O O O O O o o o o o o =~
SO O O O O O O = O O O O = = N

—_
—_

Pediococcus lactis
Fungal pathogens

Aspergillus fumigatus

Aspergillus flavus

Penicillium rolfsii

_— = = DN
S © O© O
S © o o
W W N

Candida parapsilosis
Viral pathogens
Herpes simplex virus-1° 5 0 0 5
Patients with secondary infection 21 (5.1) 1(0.3) 5(7.0) 15 (83.3)
Note: Data are no. (%) of the patients.

“The only carbapenem-resistant enterobacteriaceae (CRE) in this study, isolated from BAL of patient No. 44.

"The pathogen only detected by mNGS in blood or BAL. Two patients had co-infection and secondary infection
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TABLE 4 Etiological yield among
three groups according to different testing

Xpress Flu/RSV
Serological testing
Bacterial PCR
Blood culture
BAL culture
Sputum culture
Urine culture
Blood mNGS
BAL mNGS
Sputum mNGS

Microbiological testing

WILEY-L®

No. (%) of Mild and Critically
patients moderate Severe ill ill

8/348 (2.3) 8/276 (2.9) 0/59 (0) 0/13 (0)
13/399 (3.3) 13/314 (4.1) 0/69 (0) 0/16 (0)
12/45 (26.7) 8/14 (57.1) 3/16 (18.8) 1/15 (6.7)
8/239 (3.3) 0/171 (0) 1%/51 (2.3) 7/17 (41.2)
13/20 (65.0) 0/1 (0) 0/3 (0) 13/16 (81.3)
15/68 (22.1) 1°/23 (4.3) 1727 (3.7) 13/18 (72.2)
3/56 (5.4) 0/22 (0) 19/18 (5.6) 2/16 (12.5)
4/14 (28.6) NA 0/1 (0) 4/13 (30.8)
12/13 (92.3) NA NA 12/13 (92.3)
6/9 (66.7) NA NA 6/9 (66.7)

Note: Data are no. positive/tested cases (%) of patients. NA: not performed.

Stenotrophomonas maltophilia.

by .
Acinetobacter baumannii.

‘Pseudomonas aeruginosa.

dEscherichia coli.

3.3 | Diagnostic yield between culture
and mNGS

As illustrated in Table 5, the common bacteria and Candida
pathogen could be detected by both of culture and mNGS.
All four filamentous fungi (Aspergillus fumigatus [n = 2],
Aspergillus flavus [n = 1], and Penicillium rolfsii [n = 1])
could be isolated by culture, however, only two cases of
Aspergillus fumigatus were detected by mNGS. Thirteen pa-
tients whose specimens (blood, BAL, or sputum) were de-
tected by both of mNGS and conventional culture at the same
time were compared, including 12 critically ill patients and
1 severe ill patient. And, consistent results were obtained in
BAL and sputum samples (Table 6).

4 | DISCUSSION

This study summarized co-infections and secondary in-
fections among 408 hospitalized COVID-19 patients in
Shenzhen, China. A total of 8.1% of participants (mainly mild
or moderate patients, 29/33) were co-infected with common
community-acquired pathogens, while 5.1% (mainly severe
and critically ill patients, 20/21) had a secondary infection
with hospital-acquired pathogens. The study also compared
the clinical characteristics and outcomes of patients infected
with at least one additional pathogen to those with no addi-
tional pathogen detection.

Consistent with previous clinical findings,l'19 408
COVID-19 patients in our study also had lymphopenia
(62.7%) and elevated levels of C-reactive protein (48.3%),
IL-6 (54.6%), and p-dimer (31.1%) on admission. As a re-
sult of active case detection, individuals were hospitalized

early in their illness course, with a median duration of
3 days (IQR 1-6) compared to 7 days (IQR 4-8) in early
cases in Wuhan.” In this study, more COVID-19 patients
with co-infections/secondary infections had diabetes
(p = 0.036) and higher levels of IL-6 (p = 0.0027) and p-
dimer (p = 0.0012), which were defined as potential risk
factors to identify patients with poor prognosis at an early
stage by Zhou et al.! Correspondingly, a higher fatality
rate was also observed in co-infections/secondary infection
group (5.8%, p = 0.002).

Co-infections were common in community-acquired
pneumonia patients.22 Regarding COVID-19, we do not
know whether SARS-CoV-2 could outcompete other respi-
ratory pathogens. In the first two studies in China on 41 and
99 COVID-19 patients, no positive results had been reported
though several common community-acquired pathogens had
been detected.'** Recently, Lansbury et al. reported 1%—20%
of bacterial co-infection in China, and summarized pooled
population of 1014 patients with an estimated 3% (95% CI:
1%—6%) of viral co-infection.”* Bacterial co-infection was re-
ported in 4.9% (95% CI: 2.6%—7.1%) of COVID-19 patients
from latest updates by the Toronto Antimicrobial Resistance
Research Network (TARRN) website (https://www.tarrn.org/
covid). Our results are concordant with the above-mentioned
reports, as 8.1% of the patients had viral and bacterial co-
infection. We found co-infections of common community-
acquired pathogens (including Mycoplasma pneumoniae,
RSV and influenza viruses, Haemophilus influenzae, and
Streptococcus pneumoniae) mainly in mild and moderate
patients (9.1%, Table 2). These results suggested that co-
infections should not be ignored in COVID-19 patients and
the screening of such infections at admission should be
strengthened.
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TABLE 6 Concordance of pathogen results between conventional culture and mNGS
Culture
Blood BAL Sputum
Positive Negative Positive Negative Positive Negative
mNGS Blood Positive 2 2? - - - -
Negative 5 4 - - - _
BAL Positive - - 12 0 - -
Negative - - 0 1 - _
Sputum Positive - - - - 0
Negative - - - - 1

“HSV-1 was detected by mNGS with 54 and 68 reads in blood.

A latest study reported hospital-acquired infection in 4.7%
of COVID-19 patients,” which is comparable to 5.1% of sec-
ondary infection in our cohort. Although previous studies had
estimated a prevalence of bacterial and fungal secondary in-
fections as from 4% to 14.3% in COVID-19 patients."*>?® It
is noteworthy that the etiological results could be influenced
by different diagnostic method and specimens types used in
the studies, as well as seasonal factor. Here, benefit from the
utility of culture, PCR, and mNGS, more pathogens were able
to be detected, including anaerobic bacteria in blood, and
HSV-1 in blood and BAL specimens (HSV-1 could be reacti-
vated in critical care patients and cause ventilator-associated
pneumonia.27 Our results also show that a total of 60 patients
have received antibiotic treatment, including 26 of patients
without any additional pathogen detections (Table 1). As an-
tibiotics likely provide limited benefit on COVID-19 treat-
ment and contribute to the development of drug tolerance and
resistance and other adverse consequences,26 itis necessary to
detect bacterial infections in the context of COVID-19 which
may provide more implications for antibiotic stewardship.
Most secondary infections occurred in critically ill patients.
The possible underlying reason may be that most critically
ill patients were associated with longer invasive ventila-
tion which could provide the increased chance for hospital-
acquired infections.”>% Although the physicians prescribed
sensitive antifungal (Voriconazole) for treatment, the two
patients still died, indicating that the fatality of the patients
with fungal secondary infection was relatively high. These
two patients had received methylprednisolone for 6 days (60
mg for 3 days, followed by 40 mg for 3 days), 2-3 days before
positive results of filamentous fungi culture. It has been re-
ported that filamentous fungal infections in viral pneumonia
may be related to corticoid use.>” Thus, further research on
the relationship between corticosteroid treatment and the risk
of filamentous fungal infections may be warranted in a large
number of COVID-19 patients.

From the limited cases reviewed, culture measures had
higher yield with further information during antimicrobial

treatment sensitivity, though more cases would help to guide
further, suggesting mNGS would not replace the conven-
tional culture techniques.

Limitations to this study exist, which the authors have
tried to minimize. First, this is a retrospective study of pa-
tients infected with COVID-19 and as such, our sample was
likely imbalanced between the study arms. However, the
Shenzhen Third People's Hospital is the only government-
mandated hospital for the treatment of COVID-19 patients in
the region. As such, patients presenting to the hospital would
likely be representative of other infected patients. Additional
analysis with a larger cohort could help to improve the anal-
ysis conducted and further provide insights into the impact
of co-infections on the progression of COVID-19. Second,
given the high infectivity of SARS-CoV-2, not all of patients
received the same microbiological testing. The testing de-
pended on the physician's decision, which could produce bias
in that positive results are more likely to be obtained from
clinically suspected patients. Similarly, we only detected the
three most common respiratory viruses in patients; other re-
spiratory viruses (e.g., adenovirus, rhinovirus, parainfluenza
virus, etc) were not included. Therefore, the co-infection rate
of bacteria and respiratory viruses would be underestimated
to some extent. Third, the numbers in determining mNGS
compared to standard culture methods is too low to make any
definitive conclusions, so this part of the study is descriptive
only. Furthermore, the use of IgM/IgG to support diagnosis
of Mycoplasma infection has been shown in other research
to overestimate the number of true cases, which may have
biased our results. Additionally, follow-up testing of samples
or comparative analyses to similar patients in China would
add further support to our findings.

5 | CONCLUSIONS

In this single-center study in China, co-infections and sec-
ondary infections existed in hospitalized COVID-19 patients,
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and were relevant to the disease severity. In the small num-
ber of cases observed, fungal secondary infections associated
with fatal cases are presented. Surveillance for common res-
piratory pathogens in those with COVID-19 will be helpful
to protect against co-infections and secondary infections and
provide suggestions for antimicrobial stewardship and hospi-
tal infection control.
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