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Purpose: To differentiate between respiratory infections caused by SARS-CoV-2 and other
respiratory pathogens during the COVID-19 outbreak in Wuhan, we simultaneously tested
for SARS-CoV-2 and pathogens associated with CAP to determine the incidence and impact
of respiratory coinfections in COVID-19 patients.

Patients and Methods: We included 250 patients who were diagnosed with COVID-19. RT-
PCR was used to detect influenza A, influenza B and respiratory syncytial viruses.
Chemiluminescence immunoassays were used to detect IgM antibodies for adenovirus,
Chlamydia pneumoniae and Mycoplasma pneumoniae in the serum of patients. Based on these
results, we divided the patients into two groups, the simple SARS-CoV-2-infected group and the
coinfected SARS-COV-2 group. Coinfected patients were then further categorized as having
a coinfection of viral pathogen (ColV) or coinfection of atypical bacterial pathogen (ColaB).
Results: No statistically significant differences were found in age, gender, the time taken to
return negative SARS-CoV-2 nucleic acid test results, length of hospital stays, and mortality
between the simple SARS-CoV-2 infection group and the coinfection group. Of the 250
hospitalized COVID-19 patients, 39 (15.6%) tested positive for at least one respiratory
pathogen in addition to SARS-CoV-2. A third of these pathogens were detected as early as
the 1st week after symptom onset and another third were identified after more than three
weeks. The most detected CAP pathogen was C. pneumoniae (5.2%), followed by the
respiratory syncytial virus (4.8%), M. pneumoniae (4.4%) and adenovirus (2.8%). Patients
coinfected with viral pathogens (ColV) (n=18) had longer hospital stays when compared to
patients coinfected with atypical bacterial pathogens (ColaB) (n=21). Except for one fatality,
the remaining 38 coinfected patients all recovered with favourable outcomes.

Conclusion: Coinfections in COVID-19 patients are common. The coinfecting pathogens
can be detected at variable intervals during COVID-19 disease course and remain an
important consideration in targeted treatment strategies for COVID-19 patients.
Keywords: SARS-CoV-2, COVID-19, viral coinfection, atypical bacterial coinfection

Introduction

Having started in December 2019, the COVID-19 pandemic continues to pose
a serious and perilous global health burden. This is the third time that a coronavirus
is responsible for widespread human infection, with the current culprit being named by
the World Health Organization (WHO) as SARS-CoV-2. Although the number of
confirmed global cases of COVID-19 now exceeds 16 million, as of July 29, and
several retrospective observational studies have noted that coinfection with other
respiratory pathogens is relatively common,'™ the clinical features of coinfection
and its impact on patient outcomes, is yet to be clarified.
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Similar to influenza virus pneumonia,’ the pulmonary
structure is severely damaged during a SARS-CoV-2
infection. This has been observed as diffuse alveolar
damage in several autopsy findings,*’ the invasion of
viral particles in bronchial mucosal and alveolar epithelia,
the destruction and shedding of the epithelium and exces-
sive exudate accumulation in the bronchiole lumens and
alveolar spaces of the patients. These pathologic findings
would explain why COVID-19 patients are predisposed to
coinfection with common respiratory pathogens, as dis-
cussed in some earlier clinical studies,' ™ and postmortem
reports.® As such, coinfection with common respiratory
pathogens in COVID-19 patients could potentially have
an impact on their clinical management, disease progres-
sion and outcomes.

To differentiate between respiratory infections caused
by SARS-CoV-2 and those caused by other respiratory
pathogens during the COVID-19 outbreak in Wuhan, we
simultaneously tested for SARS-CoV-2, common respira-
tory viruses, and atypical respiratory bacteria. We paid
specific attention to the timing of the detection and identi-
fication of the coinfecting pathogens, clinical features of
the potential coinfection, and the impact of the coinfection
on patient outcomes.

Patients and Methods

Patients and Allocation

We included 250 patients diagnosed with COVID-19,
who had visited the fever clinic at Wuhan Union
Hospital (WHUH) due to an acute fever or respiratory
symptoms between Jan 19, 2020, and Feb 26, 2020. All
these patients were tested for SARS-CoV-2, respiratory
syncytial virus, influenza A virus, influenza B virus,
adenovirus, Chlamydia pneumoniae, and Mycoplasma
pneumoniae, using sputum or nasopharyngeal swab
specimens collected in the interval between the onset
of symptoms, and up to seven days after their hospital
admission. The patients were admitted into the isola-
tion wards of the infectious disease department once
they tested positive for SARS-CoV-2 or were suspected
of having COVID-19 based on the characteristic viral
pneumonia pattern on chest CT scans (their diagnoses
were later confirmed by either repeated positive ribo-
nucleic acid (RNA) tests for SARS-CoV-2 or positive
serological conversion of SARS-CoV-2 IgM and/or IgG
antibodies). The diagnosis of COVID-19 and classifica-
tion of disease severity was conducted in accordance

with the American Centers for Disease Control and
Prevention Interim Guidance.’

Firstly, we divided the 250 patients into two groups:
a simple SARS-CoV-2 infection group (n=211), infected
only with SARS-COV-2, and a coinfection group (n=39),
infected with at least one additional respiratory pathogen.
Then, we further divided the 39 coinfected patients into
two groups, based on whether they were coinfected with
a viral pathogen (ColV group, n=18) or coinfected with an
atypical bacterial pathogen (ColaB group, n=21). This was
based on the pathogens that we identified in addition to
SARS-CoV-2, and we aimed to determine not only the
clinical characteristics but also the impact that these coin-
fections had on disease progression and patient outcomes.
The patient demographic data, disease severity and out-
come, laboratory investigations, and therapeutic regimens,
were collected by two physicians and verified by a senior
physician.

The Medical Ethics Committee of Wuhan Union
Hospital (WHUH) approved this study, which complies
with the Declaration of Helsinki. The Medical Ethics
Committee waived written informed consent because the
etiological screening test is a clinical routine for respira-
tory infection in WHUH, we obtained the patients’ oral
consent. Furthermore, the study was observational, and all
the patients’ identities were concealed.

Laboratory Tests

Routine laboratory tests, including tests for SARS-CoV-2
and other common respiratory viral and atypical bacterial
pathogens, routine blood investigations, coagulation stu-
dies, organ function tests and inflammatory biomarkers,
such as c-reactive protein (CRP) and procalcitonin (PCT),
were taken at the time of patient presentation, while the
serum interleukin (IL)-2, IL-4, IL-6, IL-10, TNF-a and
IFN-y levels were obtained on the 2nd day of admission.
These tests were selectively repeated as needed or at the
time of follow-up, usually at 1-week and 2-week intervals
post-admission and again prior discharge. In the interest of
biosafety, we did not submit respiratory samples for bac-
terial or viral cultures.

The RNA of SARS-CoV-2 in nasopharyngeal swab
samples was extracted according to the instructions of
the RNA isolation kit (Xi’an Tianlong Science and
Technology Co. Ltd, China). The reverse transcription-
polymerase chain reaction (RT-PCR) assay (Shanghai
Pfizer Biotechnology Co., Ltd., China) for SARS-CoV-2
was conducted by amplifying two target genes, namely the
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open reading frame lab (ORF1ab) and nucleocapsid pro-
tein. The swab samples were also tested for influenza
A virus, influenza B virus and respiratory syncytial virus
(RSV) RNA with the Xpress FIu/RSV Assay (Cepheid,
USA) using GeneXpert Dx System (Cepheid, USA).
Adenovirus-IgM antibodies, C. pneumoniae-1gG/IgM anti-
bodies, M. pneumoniae-1gG/IgM antibodies, as well as
SARS-CoV-2-IgG/IgM antibodies in the patients’ serum,
were measured with Chemiluminescence Immunoassays
(test kits were purchased from iFLASH3000, YHLO
Biotech and Snibe Diagnostic, respectively), and values
greater than 1.10 AU/mL were considered positive. Any
result deemed positive for the presence of IgM antibodies,
was considered as being indicative of a current infection
for that pathogen.

Serum interleukin (IL)-2, IL-4, IL-6, IL-10, TNF-a and
IFN-y levels were measured using a cytometric Bead
Array TM kit (CBA, BD Biosciences, San Jose, CA,
USA). Antibodies against the human surface and intracel-
lular molecules were purchased commercially. The total
number of lymphocytes in the peripheral blood was deter-
mined using a hemocytometer, and the fractions of the
lymphocyte subsets, including CD4+ T-cells, CD8+
T-cells, B-cells and NK-cells, in the peripheral blood,
were determined using the FACSCanton II flow cytometric
system (BD, USA) and the BD FACS Diva software
(BD, USA).

Post-Discharge Follow-Up

Patients were only deemed suitable for hospital discharge
when their clinical symptoms were well controlled, and
their SARS-CoV-2 nucleic acid test result was negative on
two consecutive occasions. Patients were advised to attend
a hospital follow-up 2 to 4 weeks after hospital discharge.
A chest CT scan, SARS-CoV-2 nucleic acid tests of naso-
pharyngeal swab samples and serum IgG/IgM antibody
tests were recommended.

Statistical Analysis

Descriptive analyses of the variables were expressed as the
median and interquartile range (IQR), or number (%),
where appropriate. Categorical data were compared using
the Fisher’s exact test, or X? test. Non-normal distributed
continuous data were compared using the Mann—Whitney
U-test. P<0.05 was defined as statistically significant. All
analyses were performed with SPSS, version 25.0 (IBM
SPSS) and GraphPad Prism8.0.2 (GraphPad Software Inc.,
San Diego, CA, USA).

Results
Demographic and Baseline

Characteristics of the Patients

Two hundred and fifty patients hospitalized with con-
firmed COVID-19 in WHUH between Jan 19, 2020, and
Feb 26, 2020, were included in the study. Among them,
211 patients (84.4%) were infected with only SARS-
CoV-2, and 39 patients (15.6%) were coinfected with
at least one additional respiratory pathogen. No statisti-
cally significant difference was found in gender and age,
between the simple SARS-CoV-2 group and the coin-
fection group, however, the coinfection group included
a higher proportion of severe and critically ill patients,
and a lower proportion of mild and moderate patients
than the SARS-CoV-2 group
(Supplement Table 1). Further analysis of the coinfec-

simple infection

tion subgroups revealed that patients in the ColV group
(n=18) had no significant difference in age, gender,
medical history, comorbidities, onset-symptoms (with
the exception of fatigue) and disease severity upon
initial evaluation, when compared to the ColaB group
(n=21) (Table 1).

CAP Pathogens ldentified

Of the 250 COVID-19 patients, an additional respiratory
pathogen was detected in 13.6% (34/250) of patients,
while in 2.0% (5/250) of patients, two additional
respiratory pathogens were detected. The most com-
monly detected pathogen was C. pneumoniae (5.2%)
(13/250), followed by RSV (4.8%), M. pneumoniae
(4.4%), adenovirus (2.8%), influenza A virus (0.8%)
and influenza B virus (0.4%) (Table 2). In certain
patients (16/39), positive test results for the detection
of other respiratory pathogens were obtained prior to the
patient testing positive for SARS-CoV-2. As shown in
Figure 1, the coinfecting pathogens (ColPs) were often
detected at variable intervals from symptom onset. They
were detected either early after symptom onset or, in
some cases, much later, even during the COVID-19
recovery phase. This variability was illustrated by
ColPs being detected during the 1st week after symptom
onset in a third (13/39) of the coinfected patients, while
ColPs were detected after more than three weeks after
symptom onset in another third (12/39) of the coinfected
patients, when most patients were already in the recov-
ery phase of COVID-19.

Infection and Drug Resistance 2020:13

submit your manuscript

3047

Dove


https://www.dovepress.com/get_supplementary_file.php?f=267238.docx
http://www.dovepress.com
http://www.dovepress.com

Ma et al

Dove

Table | Demographic and Baseline Characteristics

ColV, n (%) ColaB, n (%) | P*
N 18 21
Age in Years, Median | 45.5 (31.0-67.5) | 35.0 (27.0-63.5) | 0.210
(IQR)
Sex, Female 10 (55.6) 12 (57.1) 0.921
HCWS 6 (333) 7 (333) 1.000
Comorbidity 4(22.2) 8 (38.1) 0.322
Hypertension 3 (l6.7) 3 (14.3) 0.837
Coronary Heart 1 (5.6) 3(14.3) 0.609
Disease
Diabetes Mellitus | 0 (0) 2 (9.5) 0.490
Malignancy® 1 (5.6) 1 (4.8) 0911
COPD 0(0) | (4.8) 0.348
Pregnancy® 0 (0) 2 (9.5) 0.490
Onset-Symptom
Fever (237.3°C) 12 (66.7) 15 (71.4) 0.748
Cough/Sore 13 (33.3) 14 (66.7) 0.742
Throat
Shortness of 9 (50.0) 9 (42.9) 0.752
Breath/Dyspnea
Expectorate 5(27.8) 5(23.8) 0.777
Fatigue 7 (38.9) | (4.8) 0.015%
Diarrhea 2(1L1) 4 (19.0) 0.667
Myalgia 4(22.2) 2 (9.5) 0.387
Anorexia 3 (l67) 2 (9.5) 0.647
Nausea/Vomiting 3(16.7) | (4.8) 0318
Headache/ 3 (l67) | (4.8) 0.318
Dizziness
Abdominal Pain 3(16.7) 0(0) 0.089
Disease Severity
Status at Diagnosis
Mild/Moderate 10 (55.6) 10 (47.7) 0.751
Severe/Critical 8 (44.5) Il (52.4)

Notes: #Comparison using Mann—Whitney U-test, Fisher’s Exact test or X2 test
accordingly; *P<0.05. *One was thyroid cancer and the other was acute myeloid
leukemia + hematopoietic stem cell transplantation status. “Two women were
diagnosed with SARS-CoV-2 infection on day 2 and day 14 postpartum, respectively.
Abbreviations: IQR, interquartile range; ColV, coinfection of viral pathogen;
ColaB, coinfection of atypical bacterial pathogen; HCWS, health-care workers;
COPD, chronic obstruct pulmonary disease.

Laboratory Variables on the Day of

Hospital Admission

Laboratory values for white blood cells (WBC), lympho-
cytes, neutrophils, c-reactive protein (CRP), and procalcito-
nin (PCT), done at the time of admission, were not
statistically significant between the ColV and ColaB groups
(Table 3). Patients in the ColaB group demonstrated higher
serum levels of IL-2, IL-4, and TNF-a than those in the ColV

Table 2 Coinfections in SARS-CoV-2 Patients and the Additional
Respiratory Pathogens ldentified

Coinfection n (%)
Additional Pathogen 39 (15.6)
Adenovirus 7 (2.8)
Influenza A Virus 2 (0.8)
Influenza B Virus 1 (0.4)
M. pneumoniae Il (4.4)
C. pneumoniae 13 (5.2)
Respiratory Syncytial Virus (RSV) 12 (4.8)
Coinfection
One Pathogen 34 (13.6)
Two Pathogens 5(2.0)
Pathogen Combinations
M. pneumoniae + C. pneumoniae 4 (1.6)
RSV + Adenovirus 1 (0.4)
Coinfection Timing N=39
Prior to SARS-CoV-2 16 (41.0)
Days Prior to SARS-CoV-2, Median (IQR) 3.5 (2.0-8.0)
Simultaneous Detection 7(17.9)
Post SARS-CoV-2 16 (41.0)
Days post SARS-CoV-2, Median (IQR) 4.5 (2.3-10.0)
Days from lliness Onset to Infection with Il (5-25)
Additional Respiratory Pathogen, Median (IQR)
Days from lliness Onset to SARS-CoV-2 Infection, | 8 (5-26)
Median (IQR)

group (P<0.05) during their disease course (Table 3). The
laboratory values of the total T-cells, CD4+ T-cells, CD8+
T-cells, and NK-cells decreased below the normal range in
more than 50% (data not shown) of the patients during their
disease course, irrespective of whether they were in the ColV
or ColaB groups (P > 0.05). B-cell values remained within
the normal range in most patients, with no significant inter-
group variance.

Treatment and Outcome

In accordance with our previous publication,'® the core ther-
apeutic regimen utilized in our facility for COVID-19 con-
sisted of a combination of Arbidol (Umifenovir) and
antimicrobials recommended in the guidelines for managing
adult community-acquired pneumonia (CAP)."" When com-
paring the antiviral treatment between the simple SARS-CoV
-2 and coinfection groups, or between the ColV and ColaB
groups, there was a similar rate of initiation of antiviral
treatment (Supplement Table 1 and Table 1). There were no

statistically significant differences in the time taken to return
negative SARS-CoV-2 nucleic acid test results, length of
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Figure | Timeline of the detection of respiratory pathogens in patients with a coinfection.

hospital stays, and SARS-CoV-2 IgG antibody values,
between the simple SARS-CoV-2 infection group and the
coinfection group (Supplement Table 1). However, lower
SARS-CoV-2 IgM values and delayed antibody production
from the time of symptom onset were observed in the coin-

fection group when compared to the simple SARS-CoV-2
infection group (Supplement Table 1). The conversion rate of

patients returning negative SARS-CoV-2 nucleic acid test
results within 2 weeks, was also similar between the ColV
and ColaB groups (27.8% versus 28.6%, P>0.05) (Table 4).
Although more patients in the ColV group received corticos-
teroids (22.2% vs 9.5%) and intravenous immunoglobulin
(IVIG) (38.9% vs 9.5%) treatment than in the ColaB group, it
was not statistically significant (P>0.05). On average,
patients in the ColV group had a longer hospital stay (median
of 24 vs 15 days, P<0.05) than those in the ColaB group
(Table 4).

Of the 211 patients in the simple SARS-CoV-2 infec-
tion group, there were three fatalities, and of the 39
patients in the co-infection group, there was one fatality,
with no statistically significant difference in mortality
between the two groups (Supplement Table 1). Except

for the one fatality in the ColV subgroup of coinfected
patients, the remaining 38 coinfected patients survived,
with 37 of them returning for follow-up consultations,
with a median time to follow-up of 38 days (IQR
32.0-50.5 days). SARS-CoV-2 IgM and/or IgG antibodies
were detected in 36 of these patients, with no significant
difference in antibody levels between the two groups
(P>0.05, Table 4).

Discussion

Considering that even physiologically normal lungs are

12,13

not sterile, it is important to note that the detection
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Table 3 Laboratory Findings on Admission

ColV (N=18) ColaB (N=21) P*

Median (IQR) Median (IQR)
Laboratory Findings
WBC (10° - L"), N=39 49 3.3-7.1) 4.9 (4.0-5.9) 0.757
Lymphocytes (10° - L"), N=39 1.1 (0.9-1.7) 1.3 (1.0-1.8) 0.375
Neutrophils (10° - L"), N=39 3.0 (2.0-5.1) 3.0 (244.0) 0.888
CRP (mg/L), N=38 12.3 (4.2-36.0) 85 (3.2-13.4) 0.203
PCT (ug/L)<0.5, N (%) 17 (94.4) 20 (95.2) 1.000
PCT (ug/L)20.5, N (%) I (5.6) | (4.8)
LDH (U/L), N=33 213.0 (185.8-316.5) 197.0 (174.0-270.0) 0.229
Amyloid A (mg/L), N=33 66.3 (11.1-370.3) 24.3 (8.4-62.8) 0.207
CK(U/L), N=34 75.0 (50.5-99.3) 55.5 (48.0-85.5) 0.381
IL-2 (pg/mL), N=36 24 (2.2-2.7) 2.8 (2.6-3.6) 0.016*
IL-4 (pg/mL), N=36 2.0 (1.5-2.2) 2.5 (1.8-3.7) 0.014*
IL-6 (pg/mL), N=36 7.2 (3.2-15.3) 5.0 (3.0-12.1) 0.411
IL-10 (pg/mL), N=36 3.9 (2.84.9) 3.5 (2.84.7) 0.788
TNF-a (pg/mL), N=36 2.0 (1.8-24) 2.6 (1.9-3.7) 0.041*
IFN-y (pg/mL), N=36 1.9 (1.6-2.7) 2.3 (1.8-3.3) 0.141
Total T-cells (/ul), N=38 912 (580-1251) 969 (773-1308) 0.254
Below LLN, N (%) 10 (55.6) 10 (47.6) 0.757
CD4+ T-cells (/ul), N=38 576 (378-745) 536 (400-823) 0.726
Below LLN, N (%) 12 (66.7) 13 (61.9) 1.000
CD8+ T-cells (/ul), N=38 296 (171-459) 353 (237-518) 0.144
Below LLN, N (%) 12 (66.7) 11 (52.4) 0.522
B-cells(/ul), N=32 184 (109-238) 128 (88-218) 0.439
Below LLN, N (%) 2(10.1) 4 (19.0) 0.659
NK-cells(/ul), N=32 57 (34-181) 51 (44-108) 0.777
Below LLN, N (%) I (6l.1) 14 (66.7) 0.678

Notes: “Comparison using Mann-Whitney U-test, Fisher's Exact test; *P<0.05.

Abbreviations: IQR, interquartile range; ColV, coinfection of viral pathogen; ColaB, coinfection of atypical bacteria pathogen; WBC, white blood cell; CRP, c-reactive
protein; LDH, lactic dehydrogenase; PCT, procalcitonin; CK, creatine kinase; LLN, lower limits of normal.

of a pathogen in patient’s respiratory secretions does not
necessarily constitute an infection. Despite defining the
detection of additional respiratory pathogens in COVID-
19 patients as a coinfection in our study, we believe it
would be more appropriate to consider these cases as
potential coinfections. To truly define the role that these
coinfecting pathogens play in the pathogenesis of COVID-
19 is exceedingly difficult, despite bacterial coinfections
commonly occurring during other viral respiratory infec-
tions. This type of coinfection is not only very difficult to
prevent or control but also aggravates the underlying viral
infection, as is often seen in influenza pneumonia.'*'

It has been determined that upper respiratory symp-
toms, caused by one pathogen, may enhance the transmis-
sion of another pathogen through aerosol production, and
that disease transmission may be altered by the interaction
between two infections.'®'® Whether there is a similar
type of interaction between SARS-CoV-2 and other

respiratory pathogens remains unclear. In our study, coin-
fections were not associated with adverse mortality rates
when compared to simple SARS-CoV-2 infections alone,
which is consistent with previous studies.>'? However, the
detection rate of other pathogens was 15.6% in our study,
while other studies”®?'** had a higher detection rate,
suggesting that coinfection may be a common feature
during the COVID-19 pandemic. When managing
COVID-19 patients, being aware of the presence of
another respiratory pathogen causing coinfection plays an
important role in assisting health-care workers in their use
of targeted medications and therapies, aimed at treating
these potential pathogens.

The rate of the positive detection of ColPs in our
COVID-19 patient population is approximately 16% (39/
250). This is slightly less than what has been reported in
other comparable literature, such as the study conducted
by Kim in the USA, where out of 116 SARS-CoV-2
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Table 4 Treatment and Outcomes Between Coinfection of Viral Pathogens and Coinfection of Bacterial Pathogens
ColV (N=18) ColaB (N=21) P*
N (%) N (%)
Antibiotics 13 (72.2) 15 (71.4) 0.956
Azithromycin I (5.6) 8 (38.1) 0.023*
Antiviral Treatment 18 (100) 20 (95.2) 0.348
Arbidol (Umifenovir) 17 (94.4) 20 (95.2) 0911
Oseltamivir 6 (33.3) 5(23.8) 0.723
Lopinavir/Ritonavir 3 (16.7) 4 (19.0) 0.847
Interferon Inhalation 16 (88.9) 16 (76.2) 0418
Use of Intravenous Corticosteroids 4 (22.2) 2 (9.5) 0.387
Intravenous Human 7 (38.9) 2 (9.5) 0.055
Immunoglobulin
Oxygen Support 13 (72.2) 13 (61.9) 0.734
Nasal Cannula 12 (66.7) 13 (61.9) 0.757
High-flow Nasal Cannula 2 (IL.1) | (4.8) 0.586
NPPV I (5.6) | (4.8) 0911
Outcomes
Discharge 16 (88.9) 21 (100) 0.292
Hospitalization I (5.6) 0 (0)
Death I (5.6) 0 (0)
Time to negative SARS-CoV-2 Nucleic Acid Test Results® in Days, Median (IQR) 16.0 (8.5-29.5) 16.0 (10.0-23.0) 0.963
SARS-CoV-2 Nucleic Acid Test Results Turn Negative Within 2 Weeks of Onset 5(27.8) 6 (28.6) 0.310
Anti-SARS-CoV-2-IgM, N=21| I (6l.1) 10 (47.6) 0.320
Peak IgM (AU/mL), Median (IQR) 55.5 (27.9-192.7) 20.2 (18.2-194.5) 0.475
Anti-SARS-CoV-2-IgG, N=33 16 (88.9) 17 (81.0) 0.238
Peak IgG (AU/mL), Median (IQR) 143.2 (79.5-166.5) 104.4 (79.3-136.0) 0.374
Time from Onset to Antibody Production, Median (IQR) 39.5 (29.8-60.3) 45.0 (32.3-58.8) 0.655
Hospital Length of Stay, in Days, Median (IQR) 24.0 (14.0-30.5) 15.0 (11.5-20.0) 0.027%*

Notes: Comparison using Mann—-Whitney U-test, Fisher’s Exact test or X* test; *P<0.05; *Interval between first positive detection of SARS-CoV-2 nucleic acid until second

consecutive negative SARS-CoV-2 nucleic acid test.

Abbreviations: IQR, interquartile range; ColV, coinfection of viral pathogen; ColaB, coinfection of atypical bacterial pathogen; NPPV, noninvasive positive pressure

ventilation.

positive patients, 20% were also positive for other respira-
tory viruses.’

In comparison to Kim’s USA study, where neither
M. pneumoniae nor C. pneumoniae were detected, the
in  Wuhan

M. pneumonia and C. pneumonia coinfection. In our

patients seemed to be predisposed to
study, the positive rate for anti-C. pneumoniae I1gM and
anti-M. pneumoniae 1gM detection was 5.2% and 4.4%,
respectively, while in a retrospective study, based on fatal
COVID-19 cases in Wuhan,22 the rates of detection for

these specific pathogens were determined to be even

greater, at 34.1% and 26.5%, respectively. RSV is another
noteworthy pathogen. The positive rate of RSV detection
was 5.2% in Kim’s study and 4.8% in our study. The
positive rate of adenovirus detection was 2.8% in our
study, while it remained at zero in Kim’s study. We did
not detect any other coronaviridae during our study; how-
ever, in Kim’s study, a detection rate of 4.3% was
observed for other coronaviridae pathogens. Coinfection
with influenza A and B virus was relatively low (less than
1%), not only in our study but also in Kim’s study.
However, in the study on fatal COVID-19 cases in
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Wuhan, rates of 9.1% and 5.3% for influenza A and
B virus were observed, respectively. During an investiga-
tion conducted in the Jiangsu province of China, aimed at
detecting 39 different respiratory pathogens among 257
confirmed COVID-19 patients, bacterial detection was far
more prevalent than viral detection (96.2% versus 14.1%),
and included C. pneumonia (2.5%), M. pneumonia (1.6%),
adenovirus (3.9%), influenza B virus (1.9%) and influenza
A virus (0.8%); however, RSV was not detected in this
specific study.”’

The timing of these co-infections could vary from very
early in the onset of respiratory symptoms, to later in the
recovery stage of COVID-19, at approximately 2—3 weeks.
This should serve as a reminder that a non-SARS-CoV-2
pathogen infection could be detected both prior to
a SARS-CoV-2 infection, or after a SARS-CoV-2 infec-
tion, with the causal relationship between the two, yet to
be determined.

PCT test results were unable to distinguish between
viral coinfection and atypical bacterial coinfection in our
study, and this conclusion is consistent with previous
findings.** Though coinfection with a respiratory virus or
atypical bacteria did not demonstrate a preferential
decrease in the number of T-, B- and NK-cells, patients
coinfected with a viral pathogen exhibited a less remark-
able inflammatory response when compared to patients
with an atypical bacterial coinfection, illustrated by the
relatively lower expression of IL-2, IL-4 and TNF-a in
the ColV group. Interestingly, patients in the ColaB group
had higher IL-2, IL-4 and TNF-a levels on admission than
those in the ColV group, yet patients in the ColaB group
had shorter hospital stays than those in the ColV group.
Although difficult to determine the exact reason for this,
there was a statistically significant difference in azithro-
mycin use between the ColV and ColaB groups, to control
the atypical bacterial infection, which could perhaps
account for this difference in hospital stay.

It remains important to note that our study has several
limitations. Firstly, this is a retrospective observational
study with a limited sample size, particularly in the case
of the coinfection subgroups. Secondly, due to the medical
demand and surge in the number of patients in the early
stages of the outbreak, 34 patients who were only infected
with SARS-CoV-2 were transferred to other designated
hospitals or facilities, which were temporary hospitals
that only accepted COVID-19 patients. As a result, only
a brief follow-up was achieved, with long-term follow-up
not being possible in these patients. A prospective study

with a larger sample size, conducted in a COVID-19 pan-
demic-affected area, is warranted, so as to gain a better
understanding of the relationship between SARS-CoV-2
and coinfections with other CAP-associated pathogens.

Conclusion

Coinfections in COVID-19 patients are common, yet no
significant difference in patient outcome was observed
between the simple SARS-CoV-2 and coinfection groups.
Patients coinfected with viral pathogens experienced
longer hospital stays than those coinfected with atypical
bacteria. The coinfecting pathogens can be detected at
variable intervals during COVID-19 disease course and
remain an important consideration in targeted treatment
strategies for COVID-19 patients.

Abbreviations
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severe acute respiratory syndrome coronavirus 2; ColPs,
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