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Background: Since there are reports of cases of 2019-coronavirus disease (COVID-19) asymptomatic
carriers in China recently and fever is one of the main symptoms, we aimed to distinguish COVID-19 cases
from other febrile patients with clinical examinations in this study.

Methods: A total of 134 suspected COVID-19 patients in the isolation ward of the First Affiliated Hospital
of Guangzhou Medical University were recruited from January 23 to May 23, 2020. We analyze the
pathogenic form and clinical characteristics.

Results: Among them, pathogens were identified in only 84 patients (62.7%), including 23 (17.1%)
with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), 30 (22.3%) with other viruses, 31
(25.0%) with other pathogens and 3 (3.5%) with mixed infections. The commonly observed symptoms of
COVID-19 patients were cough, fever, fatigue, and muscle aches, which were significantly different than the
symptoms of nonviral infections (P<0.05) but from those of other viral infections (P>0.05). Furthermore,
lactate dehydrogenase and the neutrophil/lymphocyte were found significantly high in COVID-19 patients
compared to non-COVID-19 patients (P<0.05). The most common manifestations of COVID-19 patients
were ground-glass opacities (100%) with or without lung consolidation, however, they also often showed
involvement of several lobes of both lungs (P<0.05). Due to the clear differential diagnosis, the overall
antibiotic use rate was 35.8% (31/87).

Conclusions: When diagnosing COVID-19, infections with other pathogens should not be ignored.

Successful pathogen identification will support accurate treatment.
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Introduction countries up to 14 December 2020 (1). Before the severe

Coronavirus disease-2019 (COVID-19) has crossed borders acute respiratory syndrome (SARS) outbreak due to severe
rapidly around the world since its outbreak in December acute respiratory syndrome coronavirus-1 (SARS-CoV-1)

2019, leading to more than 70 million cases in over 160 in 2003 (2), coronaviruses were not considered a serious
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medical concern. However, another fatal coronavirus named
Middle East respiratory syndrome coronavirus (MERS-
CoV) emerged and spread to several countries in 2013 (3),
which highlighted coronavirus infection as a potential threat
to human health. Sequence homology analysis showed that
SARS-CoV-2 appears to be associated with bat-derived
SARS-like coronaviruses (bat-SL-CoVZC45 and bat-SL-
CoVZXC(C21) (with 88% identity), however, it is different
from MERS-CoV (approximately 50%) and SARS-CoV-1
(approximately 79%) (4). However, several studies have
proven that SARS-CoV-2 has high rates of human-to-
human transmission (5,6) and morbidity (7), resulting in a
global pandemic (8).

Although SARS-CoV-2 deserves our attention because
of its high transmissibility and lethality, we cannot ignore
infections with other pathogens. There have been many
reports of COVID-19 patients with mixed pathogen
infections, including coinfections with bacteria and fungi
(7,9) and coinfections with other respiratory viruses (10). To
complicate matters, the epidemiology of SARS-CoV-2 are
very similar to that of other respiratory viruses, including
influenza (11,12) and rhinoviruses (13), and with that of
bacterial infections such as mycoplasma (14). Several reports
of COVID-19 have indicated that not all admitted patients
were infected with SARS-CoV-2, highlighting the urgent
need to determine the causes of fever and febrile illness
to support the selection of more appropriate and effective
treatment (15). Achieving an accurate differential diagnosis
will help reduce the consumption of clinical resources while
also improving the prevention and control of the pandemic.

However, to the best of our knowledge, there are few
reports regarding the comparison of clinical features
and treatment between COVID-19 patients and those
with infectious pneumonia caused by other pathogens.
Furthermore, previous studies did not distinguish
COVID-19 cases from other febrile patients with clinical
examinations. Therefore, this study was designed to
retrospectively review and analyze the pathogen spectrum,
clinical characteristics, laboratory parameters, and
treatment of all suspected COVID-19 patients recruited in
the isolation ward of our hospital. By comparing confirmed
COVID-19 and non-COVID-19 patients, we provide
new insight into the differential diagnosis and treatment
of suspected COVID-19 patients during the ongoing
pandemic. This study distinguishes COVID-19 cases from
other febrile patients with clinical examinations.

We present the following article in accordance with the

STROBE reporting checklist (available at http://dx.doi.
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org/10.21037/atm-20-6600).

Methods
Study design and patients

Suspected COVID-19 patients were recruited from January
23 to May 23, 2020, for this single-center, retrospective
study at the First Affiliated Hospital of Guangzhou Medical
University (Guangzhou), China, one of the hospitals
designated for COVID-19 patients. According to the
provisions employed by the Guangdong government, all
suspected and confirmed patients were received and treated
without any selection criteria. We set up a ward to isolate
and treat all suspected and confirmed patients and shared
all data from confirmed cases with the Center for Disease
Control and Prevention (CDC), Guangdong.

The suspected COVID-19 cases were defined
according to the interim guidance of the World Health
Organization (WHO) and China (16,17). The guidance
states that the COVID-19 diagnosis is made based on a
combination of a comprehensive epidemiological history
and clinical manifestations. The factors related to the
epidemiological history were: (I) residence or history of
travel to Hubei Province or the surrounding areas or other
case-reporting places within two weeks before the onset of
disease; (II) contact with a confirmed COVID-19 patient
being confirmed via reverse transcription-polymerase
chain reaction within two weeks before the onset of the
disease; (III) contact with a person reporting respiratory
symptoms or fever, who came from Hubei Province or
the surrounding areas or case-reporting communities
within two weeks before the onset of the disease; and (IV)
association with a disease cluster (>2 cases of respiratory
symptoms and fever in a small working area e.g., home,
office, or school class within two-weeks). The clinical
manifestations were as follows: (I) respiratory symptoms
and fever; (II) COVID-19 imaging features characteristic;
and (III) normal or decreased total leukocyte count and
normal or decreased lymphocyte count in the initial
stages of the disease. Patients were defined as suspected
COVID-19 patients if they demonstrated any one of the
epidemiological-history criteria and any two of the clinical
manifestation criteria. However, patients with unclear
epidemiological-history demonstrating three of the clinical
manifestations were also considered potential COVID-19
patients. The study conformed to the provisions of the
Declaration of Helsinki (as revised in 2013). The ethics

Ann Transl Med 2021;9(8):621 | http://dx.doi.org/10.21037/atm-20-6600


http://dx.doi.org/10.21037/atm-20-6600
http://dx.doi.org/10.21037/atm-20-6600

Annals of Translational Medicine, Vol 9, No 8 April 2021

committee of the First Affiliated Hospital of Guangzhou
Medical University approved this study (Ethical number:
2020-92). All participants have obtained informed consent
before participating.

Procedures and data collection

The clinical charts, laboratory findings, nursing records,
and chest X-rays of all suspected COVID-19 patients
were reviewed in the isolation ward of our hospital.
Epidemiological, laboratory, clinical, radiological
characteristics, treatment, and outcome data were
obtained from the electronic medical records through
the standardized data collection forms (modified case-
record forms for severe acute respiratory infection clinical
characterization, released by the International Severe
Acute Respiratory and Emerging Infection Consortium).
The follow up of clinical outcomes was made till 23" May
2020. Data were obtained via direct communication with
the attending physicians and other healthcare providers
if clarification was needed or data were missing from the
records. The data collection forms were independently
reviewed by two researchers (ZTL and SQL) to double the
collected data for validity.

Pathogen detection

Pathogens were detected by traditional culture/
histopathology, serum antibody tests, and nucleic acid
amplification tests, including RT-PCR, for bacteria/
fungi, mycoplasma, and viruses, respectively. Clinical
metagenomics next-generation sequencing (mNGS) was
used when the pathogen was difficult to identify. Testing
was performed either in our hospital or by the companies
recognized by the government as having a testing
qualification. Finally, the pathogenic agents identified
in suspected COVID-19 patients were determined by
combining the clinical manifestations and pathogen test
results.

Statistical analysis

When the measurement data were normally distributed,
mean values were compared using independent group #-tests.
Otherwise, the Mann-Whitney test was used. With regards
to nonnormally distributed data, the measurement data
were presented as the medians and inter quartile ranges
(IQRs). Count data were expressed in terms of frequencies
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and percentages. Comparisons between groups were
performed using #-tests, while Fisher’s exact test was applied
for limited data. Statistical analysis was performed through

SPSS Software (v25.0; IBM, Armonk, NY, USA). A P value
of less than 0.05 was considered significant statistically.

Results

From January 23 to May 23, 2020, approximately 1,875
patients with fever attended the fever clinic of our hospital.
Upon assessment by the receiving doctor, 134 patients
were identified as suspected COVID-19 patients and were
admitted to the isolation ward of the designated hospital.
These 134 patients were enrolled in this study, including
23 COVID-19 patients confirmed with laboratory testing
(mainly RT-PCR positive) and 111 non-COVID-19
patients (RT-PCR negative) (Figure I).

Among the 134 suspected COVID-19 patients, the
median age was 48 years old (IQR, 32-59); 74 (55.2%)
were aged 15-49 years, and 35 (26.1%) were aged
50-64 years. 58 (43.2%) were male. In terms of smoking
history, 106 (79.1%) had never smoked, 16 (11.9%) had
quit, and 12 (7.5%) were still smoking. Among the 134
patients, 19 (7.4%) had hypertension, 14 (10.4%) had
diabetes, 7 (5.2%) had coronary heart disease, 3 (2.2%) had
cerebrovascular disease, 2 (3.2%) had chronic obstructive
pulmonary disease, and 5 (3.7%) had cancer. Twenty
(14.9%) had been to Hubei Province. Comparing the
non-COVID-19 and COVID-19 groups, no significant
difference was observed at baseline, except for the history of
travel to Hubei Province, which was more common in the
COVID-19 group (60.9% vs. 5.4%, P<0.05) (Tuble I).

The primary task of clinical diagnosis and treatment is
to identify the infectious agent. Thus, multiple detection
methods, including traditional culture methods, serum
antibodies, histopathology, and nucleic acid amplification
tests, are used to identify the pathogen. However, in our
study, only 84 (62.7%) of the 134 pneumonia patients
had an easily identifiable pathogen, and the remaining 50
(37.3%) patients were infected with unknown pathogens
(Figure 2A4). In some cases, the infectious agent could be
identified with one detection method, while others needed
more than one detection method (Figure 2B). The final
determination of pathogenic agents must be made by
combining the detection results and clinical manifestations.
Overall, 53 (63.1%) of the 84 subjects presented with
viral infections, followed by10 (11.9%) cases of bacterial
infections, 14 (16.7%) cases of mycoplasma infections, and
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Patients seen in the fever clinic department from January 23rd to May 23rd, 2020

n=1,875

A

lymphocyte count.

(1) clinical features: fever, imaging manifestations of pneumonia, normal or reduced total leukocyte count or

(2) epidemiologic history: travel or history of residence in Hubei province or other areas with continuous transmission
of local cases within 14 days of the oneset of symptoms, history of contact with patients having fever or respiratory
symptoms from Hubei province or other areas with continuous transmission of local cases within 14 days of the
oneset of symptoms, clustering or epidemiologic association with SARA-COV-2 infection.

Patients with epidemiologic history and any two of the clinical features were included as suspected infections.

n=514

A4

Consultation among experts from multiple disciplines

n=134

A4

Results of RT-PCR testing for SARS-COV-2 in municipal center for disease control and prevention

n=23

A4

n=111

Y

COVID-19 pneumonia

Non-COVID-19-pneumonia

n=30

n=50

n=31

Virus

\4

Non-virus pathogen Unidentified pathogen

Figure 1 Flowchart for the enrollment of patients in this study. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR,

reverse transcription-polymerase chain reaction; COVID-19, coronavirus disease 2019.

5 (6.0%) cases of tuberculosis. A further 3 cases (3.3%) of
mixed viral infections were identified, and there was one
case each of fungal infection, unidentified bacterial-viral
coinfection, and chlamydia-viral coinfection (Figure 2C).
In Figure 2D,E, the classifications of viruses and bacteria
identified in two-thirds of the study population are shown.
There were 53 viruses in 84 patients, among which 23
were SARS-CoV-2, and the remaining were common
viruses, i.e., influenza-A virus, rhinovirus, parainfluenza
virus, adenovirus, and herpes virus (Figure 2D). There were
also 31 species of bacteria and other pathogens, the most
common being mycoplasma, tuberculosis, Haemophilus
parainfluenzae, and Pseudomonas aeruginosa (Figure 2L).
Understanding the differences between COVID-19
and other diseases is vital for combatting the ongoing
pandemic. The 84 patients with clearly identified infectious

© Annals of Translational Medicine. All rights reserved.

agents (excluding the three patients with mixed infections)
were divided into three groups: group A (COVID-19; 23
patients), group B (other viral infections; 30 patients), and
group C (nonviral infections; 31 patients). The clinical
features, radiological characteristics, and treatments
were compared among these groups. As shown in
Table 2, 77(91.7%) of the 84 patients had a fever during
hospitalization, and 25 (29.8%) had a peak temperature
>38 °C. More than half of the COVID-19 patients (52.2%)
had high fevers >38 °C, which were higher than the peak
temperatures in groups B and C. The other symptoms,
including fatigue (34.8% wvs. 23.3% vs. 9.6% in groups A,
B, and C, respectively) and muscle aches (39.1% vs. 10.0%
vs. 9.6% in groups A, B, and C, respectively), were more
commonly seen in patients with viral infections, especially
in the COVID-19 group. Laboratory examinations of
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Table 1 Baseline characteristics of study population

Clinical characteristics All case, n=134 COVID-19 patients, n=23 NOWCO\:EE? patients, P value

Age, median [IQR], yrs 48 [32-59] 56 [41-71] 45 [31-58] 0.22

Age group, No. (%)
0-14 yrs 0 0 0 -
15-49 yrs 74 (55.2) 8 (34.8) 66 (59.5) -
50-64 yrs 35 (26.1) 9 (39.1) 26 (23.4) -
More than 65 25 (18.7) 6 (26.1) 19 (17.1) -

Male sex, No. (%) 58 (43.2) 10 (43.4) 48 (43.2) 0.65

Smoking history, No. (%)
Never smokers 106 (79.1) 13 (56.5) 93 (83.8) 0.07
Ex-smokers 16 (11.9) 7 (30.4) 9(8.1) 0.13
Current smokers 12 (7.5) 3 (13.0) 9(8.1) 0.54

Coexisting disorders, No. (%)
Diabetes 14 (10.4) 5(21.7) 9(8.1) 0.16
Chronic obstructive pulmonary disease 2(3.2) 0 2(1.8) 1.00
Hypertension 19 (7.4) 3(13.0) 16 (14.4) 0.82
Coronary heart disease 7(5.2) 0 7 (6.8) 0.41
Cerebrovascular disease 3(2.2) 0 3(2.7) 0.45
Hepatitis B infection 0 0 0 -
Cancer 5(3.7) 0 5(4.5) 0.52

Exposure to source of transmission, No. (%)
Recently been to Hubei 20 (14.9) 14 (60.9) 6 (5.4) 0.03
Haven'’t been to Hubei 114 (89.2) 9 (39.1) 105 (94.6) 0.003

COVID-19, coronavirus disease 2019.

these patients showed that the lymphocyte count of
more than half of theCOVID-19 patients (52.2%) was
less than 0.8x107°/L, which was significantly different
from group C (P<0.05). We also found that the lactate
dehydrogenase (LDH) levels and median neutrophil-to-
lymphocyte ratio (NLR) (IQR) were significantly higher in
COVID-19 patients than those in groups B and C (P<0.05).
Furthermore, the radiological characteristics were also
compared among the three groups. In COVID-19 patients,
the infection foci often involved both lungs (95.7% wvs.
56.7% vs. 48.4% among groups A, B, and C, respectively,
P<0.05), with ground-glass opacities (GGOs; Figure 3 and
Table S1).

The accurate detection of pathogens and comparison

© Annals of Translational Medicine. All rights reserved.

of clinical characteristics ultimately direct the clinical
treatment and improve the treatment rate. Following
the identification of a known pathogen, all COVID-19
patients received antiviral and traditional Chinese medicine
treatment, while 76.7% of patients in group B received
antivirals. However, only 12.9% of patients in group
C received antiviral treatment (P<0.05). Furthermore,
only 13.3% of patients in group B but 61.3% of patients
in group C received antibiotics (P<0.05). Additionally,
oxygen therapy was a common treatment in this cohort
of COVID-19 patients (47.8%), but nearly half (43.5%)
COVID-19 patients required mechanical ventilation.
Precise differential diagnosis and treatment led to a low
death rate and significantly reduced duration of hospital stay
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Figure 2 Detection of pathogens in suspected COVID-19 patients. (A) Percentage of identified and unidentified pathogens. (B,C) Detection

methods used in our study. (D,E) Show the pathogen spectrum. COVID-19, coronavirus disease 2019.

in group B and C patients compared with patients in group
A (29+5.8 vs. 4.73.3 vs. 6.3£3.9 days, groups A, B, and C,
respectively; P<0.001). Furthermore, hospitalization costs
were also significantly lower in non-COVID-19 patients
(¥180,312.353,190 vs. ¥9,7978,176 vs. ¥9,956+8,582 in
groups A, B, and C, respectively; P<0.001) (Z7able 3).

Discussion

In this study, we describe respiratory infections with other
pathogens during the COVID-19 epidemic in China.
Our findings indicate that for those suspected COVID-19
patients presenting with fever or respiratory symptoms,
in addition to SARS-CoV-2, other pathogens, including
seasonal respiratory viruses and bacteria, should also be
considered. Furthermore, epidemiological history; clinical
symptoms of high fever, fatigue, and muscle ache; laboratory
findings of low lymphocyte counts, elevated IQRs, and

© Annals of Translational Medicine. All rights reserved.

elevated LDH levels; and radiological characteristics of
GGOs involving both lungs help differentiate COVID-19
from other viral or bacterial infections. Finally, clear
identification of the pathogen and differential diagnosis
of the disease contribute to the administration of the
appropriate antiviral and antimicrobial treatment, thus
improving the treatment rate, reducing hospital stay
durations, and saving medical resources.

Respiratory infectious disease is the world’s fourth
leading cause of death, with all infectious diseases ranking
first, accounting for 30.21% (18-20). Additionally, the
emergence and re-emergence of respiratory tract pathogens
are continuous (21), including the previously unknown
SARS-CoV-2, which has now caused a global pandemic.
The rapid and accurate detection of pathogens, drug
resistance, and mutations, as well as the identification
of unknown pathogens, can be difficult, thus causing
problems with regard to clinical diagnosis and treatment.
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Table 2 Comparison of clinical characteristics of different pathogens

Signs and symptoms Identified pathogens, COVID-19 patients, Other.viral infection P value Nonv.iral infection P value
n=84 n=23 patients, n=30 patients, n=31
Fever during hospital admission 77 (91.7) 22 (95.7) 28 (93.9) 0.96 27 (87.0) 0.39
Highest temperature during 0.17 0.11
hospital admission
<37.5 27 (32.1) 5(21.7) 11 (36.6) - 11 (35.5) -
37.5-38 25 (29.8) 5(21.7) 11 (36.6) - 8 (25.8) -
>38.0 25 (29.8) 12 (52.2) 6 (20.2) - 8 (25.8) -
Clinical symptoms
Cough 61 (72.6) 18 (78.3) 21 (70.0) 0.63 22 (71.0) 0.63
Nasal congestion 7 (8.3) 4(17.4) 3(10.0) 0.61 0 0.09
Dizziness 8(9.5) 2(8.7) 6 (20.0) 0.62 0 0.34
Shortness of breath 20 (23.8) 12 (52.1) 5(16.7) *0.03 3(9.6) 0.43
Fatigue 18 (21.4) 8 (34.8) 7 (23.3) 0.62 3(9.6) 0.07
Muscle ache 15 (17.9) 9 (39.1) 3(10.0) 0.15 3(9.6) 0.08
Laboratory findings on admission
Sa0, <95% 11 (13.1) 5(21.7) 3(10.0) 0.44 3(9.6) 0.22
Blood leukocyte count 0.53 0.09
>10x10%L 11 (13.1) 0 2(6.7) - 9(29.0) -
[4-10]x10%/L 52 (61.9) 11 (47.8) 19 (63.3) - 20 (64.5) -
<4x10°%/L 21 (25.0) 12 (52.2) 9 (30.0) - 2 (6.5) -
Lymphocyte count
<0.8x107°/L 18 (21.4) 12 (52.2) 6 (20.0) 0.13 0 0.01
NLR, median (IQR) 2.7 (1.2-4.8) 4.4 (2.2-6.4) 2.4 (1.2-3.3) 0.02* 2.2 (1.1-3.4) 0.11
Haemoglobin level, median 125.0 (117.0-136.0) 117.0 (110.0-134.0)123.0 (116.0-133.0)  0.61 128.0 (116.0-137.0) 0.35
(IQR), g/dL
C-reactive protein =10 mg/liter 38 (45.2) 12 (62.1) 14 (46.7) 1.0 12 (38.7) 0.66
Lactose dehydrogenase 174.0 (143.0-221.0) 289.0 (216.0-373.0)186.0 (144.0-236.0)  0.02*  159.2 (142.0-196.0) 0.01*
Aspartate aminotransferase >40 6(7.1) 0 6 (20.0) 0.29 0 NA
Alanine aminotransferase >40 9(10.7) 0 6 (20.0) 0.31 3(9.6) 1.00
Total bilirubin >20 pmol/liter 9(10.7) 5(21.7) 2(6.7) 0.23 2(6.4) 0.17
Creatinine >84 pmol/liter 27 (32.1) 8 (34.8) 10 (33.3) 0.69 9 (29.3) 1.00
D-dimer >0.5 mg/liter 36 (42.9) 15 (66.0) 12 (40.0) 0.43 9 (29.3) 0.23
Sodium, mmol/liter 136.0 (131.0-139.0) 136.0 (132.0-138.0)136.0 (135.0-139.0)  0.37  136.0(135.0-139.0) 0.97
Potassium, mmol/liter 3.9 (3.6-4.0) 3.6 (3.5-4.3) 3.9 (3.6-4.1) 0.18 3.9 (3.6-4.3) 0.11

*, P value less than 0.05. COVID-19, coronavirus disease 2019; NLR, neutrophil-to-lymphocyte ratio.

© Annals of Translational Medicine. All rights reserved.
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Figure 3 Characteristic chest CT (lung window) in suspected COVID-19 patients. (A) Patient with confirmed COVID-19. Multiple

ground-glass opacity involvement in several lobes in both lungs, with most of the exudation distributed under the pleura. Some lesions are

fused, and consolidation is visible. (B) Patient with ground-glass changes in the double lower medial pulmonary bands, finally diagnosed

with rhinovirus pneumonia. (C) Patient with multiple nodules in the right lung with ground-glass changes. Final diagnosis of tuberculosis.

(D) Patient with ground-glass opacities combined with consolidation in the lower left lung, finally diagnosed with Mycoplasma pneumoniae

infection. COVID-19, coronavirus disease 2019.

A rapid and accurate diagnosis ensures treatment with the
appropriate antibiotics or antivirals and improves patient
outcomes. Similarly, the rapid identification of causative
agents is important for facilitating rapid responses during
outbreak investigations. Real-time PCR is used as a
diagnostic tool using a nasal swab, tracheal aspirate, or
bronchoalveolar lavage samples. Computed tomography
findings are important for both diagnosis and follow-up.
To date, there is no evidence of any effective treatment
for COVID-19. The main therapies being used to treat
the disease are antiviral drugs and respiratory therapy and
mechanical ventilators (22,23). Furthermore, numerous

© Annals of Translational Medicine. All rights reserved.

vaccines are underway for COVID-19 (24). However, the
existing pathogen diagnosis technology is still unable to
meet these needs. In our study, common detection methods,
including traditional culture methods, serum antibody
detection, histopathology, and nucleic acid amplification
tests (RT-PCR and mNGS), were used. Regrettably, we
found that approximately37.3% of cases were caused by
unidentifiable pathogens (Figures 1,2). Previous studies
have also shown that up to 60% of cases are still treated
with antibiotics without the etiology being known
(25-27). This issue arises from defects in the existing
detection methods. The traditional detection method of
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pathogen culture has been in use for 70 years (28). However,
it is of limited use as a guide for appropriate clinical
management of acute infections, mainly due to slow sample-
to-result turnaround (29). Though nucleic acid amplification
tests (e.g., RT-PCR) are highly specific, rapid, and sensitive,
there remain some limitations on multiplexing, thus need to
update PCR-based methods urgently to include emerging
resistance mutations and genes (30,31). Furthermore, next-
generation sequencing platforms, an emerging detection
method, are frequently employed for metagenomics
sequencing, however, they are rendered unsuitable for rapid
detection due to its requirement of the sequencing run to
be completed before analysis can begin (32). Therefore,
new and flexible detection methods need to be developed to
facilitate efficient clinical diagnosis and treatment.
Additionally, different diseases often present with similar
symptoms. According to previous studies on the clinical
characteristics of COVID-19 (5,6,33), fever, cough, and
fatigue are the most common clinical manifestations in
patients with COVID-19. However, in our study, we found
that these symptoms were not only presented by COVID-19
patients but also presented by patients infected with other
viruses and mycoplasma (Zable 2). This finding suggests that
COVID-19 patients cannot be distinguished from other
patients merely by clinical symptoms, and the identification
of pathogens should not be limited to SARS-CoV-2 during
the epidemic of COVID-19. The SARS-CoV-2 outbreak
occurred during the seasonal epidemic periods of influenza
and rhinoviruses (13,34) and the post epidemic period of
mycoplasma infections (14). Several studies have found that
for influenza virus infection, rhinovirus infection has played
an important role in the etiology of annual nosocomial
outbreaks in recent years (12,13,35). In our study,
confirmed COVID-19 accounted for only approximately
17.2% of the 134 suspected COVID-19 cases, with other
pathogens, such as influenza, being responsible for the main
proportion (Figure 2). Because of this overlap in symptoms,
several previous studies have suggested that chest CT helps
screen suspected cases of SARS-CoV-2 infection (36,37).
While there are some typical characteristics in COVID-19
patients, such as GGOs involving both lungs (Figure 3 and
Table S1), we realized that the chest CTs of COVID-19
patients were somewhat similar to those of patients with
other viral infections (38). Furthermore, we also found that
some patients with leukemia or solid organ tumors with a
history of chemotherapy but no epidemiological history may
also have GGOs on their chest CT with fever and normal or
low white blood cell counts. One such patient was identified
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as a suspected COVID-19 case and admitted to our ward.
This patient was finally diagnosed with immunosuppressive
host pneumonia, which was identified as pneumocystis
pneumonia with a concomitant viral infection. Therefore,
the combination of many factors should be considered
when differentiating COVID-19 from infections with
other pathogens, especially in suspected patients with
false-negative RT-PCR results (39). Many factors are
important in making a diagnosis of COVID-19, including
epidemiological history (7able 1), because most COVID-19
patients have epidemiological differences compared to other
patients (7); symptoms, such as fever, fatigue, and muscle
aches (Tuable 2); and laboratory findings, such as absolute
counts of lymphocytes, which in most COVID-19 patients
are significantly reduced compared with those in patients
with other respiratory illnesses (P<0.05), with 52.2% of
patients demonstrating counts less than 0.8x107/L. Besides,
LDH levels are significantly higher in COVID-19 patients
than in non-COVID-19 patients (Table 2). Laboratory
detection indices were also shown to have some diagnostic
value for COVID-19 in other studies (7); thus, combining
these with chest CT will greatly improve the differential
diagnosis of COVID-19.

Identification of the pathogen and the differential
diagnosis of COVID-19 are essential for implementing
appropriate and effective clinical treatment. While other
studies have shown that up to 60% of cases are treated
with antibiotics despite being of unknown etiology
(25-27), we administered appropriate antiviral and
antibacterial treatments in our isolation ward for suspected
COVID-19 patients (Tuble 3), which was made possible
by the high detection rate of pathogens (62.7%). The use
of a variety of detection methods enabled us to effectively
identify the responsible pathogens, thereby allowing us
to provide precise treatment as often as possible. For the
37.3% of patients with unclear etiological diagnoses, we
made clinical judgments based on the relevant laboratory
examinations and chest CT and created a tailored treatment
plan for every patient. By observing the clinical efficacy of
the treatments and tracking patient prognosis, we found
that there were no patients who deteriorated because of
delayed antibiotic use. Our application rate of antibiotics
(35.8%) was relatively low, and the average hospitalization
time for non-COVID-19 patients was much shorter than
that for COVID-19 patients, with a lower average cost.
This situation helps reduce the pressure on medical staff
and mitigate social panic during the outbreak. Governments
will not be able to minimize both deaths from coronavirus
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disease 2019 (COVID-19) and the economic impact of viral
spread. Keeping mortality as low as possible will be the
highest priority for individuals; hence governments must
put in place measures to ameliorate the inevitable economic
downturn (40).

Of course, there were some limitations to the present
study. First, the number of COVID-19 cases was small
because this was a single-center study. Second, all patients’
information was collected in the isolation ward, where
patients were treated during the early stage of the disease,
and some patients were transferred to other departments
or hospitals when the pathogen was identified. Third,
most confirmed patients had not been discharged at the
time of the writing of this report. Consequently, we were
unable to estimate either the predictors of mortality or
the case-fatality rate. Finally, the current did not follow
all the statistical tools of retrospective research. This may
increase the deviation of research results. Hence, a more
comprehensive statistical analysis with large sample data is
required in future studies.

Conclusions

Not all patients presenting with fever or a relevant
epidemiological history were infected with SARS-CoV-2.
Pathogens such as other viruses and bacteria, including
mycoplasma, should be considered when making a diagnosis
of SARS-CoV-2 infection. Therefore, it is important to
improve the relevant tests and make a clear and rapid
diagnosis to facilitate the administration of appropriate
treatment, mitigate panic, and provide the best outcome for
patients.
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Supplementary

Table S1 Comparison of radiographic finding between the group

Radiographic findings COVID-19 patients Other viral infection P value Nor.wiral infection P value
(n=23) patients (n=30) patients (n=31)
Bilateral infiltrate on CT, n (%) 22/23 (95.7%) 17/30 (56.7 %) 0.04 15/31 (48.4%) 0.13
Single infiltrate on CT, n (%) 1/23 (4.3%) 13/30 (43.3%) 0.01 16/31 (51.7%) 0.03
Number of involved lobes on CT, median (range) 4 (1-5) 2(1-5) 1(1-5)
Pattern of pulmonary infiltrates on CT, n (%)
GGO only 14/23 (60.9%) 20/30 (66.7%) 0.228 5/31 (16.1%) 0.04
GGO + consolidation 9/23 (39.1%) 6/30 (20.0%) 0.07 3/31 (9.6%) 0.04
Consolidation 0 0 NA 15/31 (48.3%) 0.015

Not all the patients had finished the CT. COVID-19, coronavirus disease 2019; GGOs, ground-glass opacities.
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