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Objectives: The objective of this study was to investigate the clinical features and
laboratory findings of patients with and without critical COVID-19 pneumonia and
identify predictors for the critical form of the disease.

Methods: Demographic, clinical, and laboratory data of 63 COVID-19 pneumonia
patients were retrospectively reviewed. Laboratory parameters were also collected
within 3–5 days, 7–9 days, and 11–14 days of hospitalization. Outcomes were followed
up until March 12, 2020.

Results: Twenty-two patients developed critically ill pneumonia; one of them died. Upon
admission, older patients with critical illness were more likely to report cough and
dyspnoea with higher respiration rates and had a greater possibility of abnormal
laboratory parameters than patients without critical illness. When compared with the
non-critically ill patients, patients with serious illness had a lower discharge rate and longer
hospital stays, with a trend towards higher mortality. The interleukin-6 level in patients
upon hospital admission was important in predicting disease severity and was associated
with the length of hospitalization.

Conclusions:Many differences in clinical features and laboratory findings were observed
between patients exhibiting non-critically ill and critically ill COVID-19 pneumonia. Non-
critically ill COVID-19 pneumonia also needs aggressive treatments. Interleukin-6 was a
superior predictor of disease severity.
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HIGHLIGHTS

1. The mortality rate in critically ill patients is low.
2. Different severity of diseases has different clinical and

laboratory results.
3. Non-critically ill COVID-19 pneumonia also needs

aggressive treatments.
4. Interleukin-6 is a good predictor of critically ill COVID-

19 pneumonia.
5. Interleukin-6 is associated with length of hospitalization
INTRODUCTION

Novel coronavirus (COVID-19) pneumonia is a newly
recognized disease that has spread rapidly throughout China,
originating from Wuhan (Hubei province) and expanding to
other provinces within the country and around the world (Yang
et al., 2020). The current novel coronavirus has surpassed
Severe Acute Respiratory Syndrome (SARS) in terms of the
number of recorded cases and deaths from the disease (Peeri
et al., 2020). The clinical spectrum of COVID-19 pneumonia
ranges from mild to critically ill (Yang et al., 2020). Yang et al.
have reported on clinical courses and outcomes of critically ill
patients with COVID-19 pneumonia in Wuhan, China (Yang
et al., 2020). There has been no comparison of data between
patients with and without severe COVID-19 pneumonia. In
addition, critically ill patients had a high mortality rate of 61·5%
and often had to be transferred to an intensive care unit (ICU).
Therefore, it is important to recognize predictors of disease
severity in the early phase of COVID-19 infection. This
could help select patients who could benefit from close
surveil lance or aggressive interventions. Early case
recognition and classification of disease severity improves
clinical outcomes (Liao et al., 2020).

Therefore, our study aimed to investigate the clinical features
of COVID-19 pneumonia in patients who were critically ill vs.
those who were non-critically ill and identify possible predictors
of disease severity.
MATERIALS AND METHODS

Study Design, Subject Selection
We conducted a retrospective cohort study in the First Affiliated
Hospital of Wenzhou Medical University in mainland China. All
patients with confirmed COVID-19 pneumonia between January
29, 2020 and March 12, 2020 were eligible for inclusion in this
study. A confirmed case of COVID-19 was defined as exhibiting
a positive result on high-throughput sequencing or real-time
reverse-transcriptase–polymerase chain reaction (RT-PCR)
assay of nasal and pharyngeal swab specimens (Guan et al.,
2020). Exclusion criteria were the unavailability of chest
computed tomography (CT) scans.
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Definition of Severity
According to the China Guidelines for the Diagnosis and
Treatment Plan of COVID-19 Infection (2020; Xu Y. H. et al.,
2020), COVID-19 infections are classified into four types on
admission: critically severe type with any of the following:
respiratory failure needing mechanical ventilation, shock, or
combination with different organ failure requiring admission
into an intensive care unit (ICU); severe type with any of the
following: respiratory distress with respiratory rate>30 times/
minutes, oxygen saturation at rest <93%, or PaO2/FiO2 <300
mmHg; common with fever, respiratory symptoms, and imaging
presentations of pneumonia; and, mild with slight clinical
symptoms but no imaging presentations of pneumonia (2020).

For comparative analysis, we also defined the degree of
severity of critically ill vs. non critically ill cases of COVID-19
according to a previous study (Kumar et al., 2009). Critically ill
patients were defined as those admitted to the ICU and either
required mechanical ventilation or had a fraction of inspired
oxygen (FiO2) value of at least 60% or more during
hospitalization (Kumar et al., 2009; Yang et al., 2020). The date
of disease onset was defined as the day when the symptoms were
first noticed (Wang et al., 2020).

Data Collection, Follow up and Ethics
The epidemiological, clinical, laboratory, radiologic, and
treatment and outcomes data during the course of
hospitalization were obtained with data collection forms from
electronic medical records. The date of disease onset was defined
as the day when the symptoms were noticed (Wang et al., 2020).
Fever was defined as any value over normal body temperature
(>37.0°C) during the time from symptoms to admission. Also,
body temperature was measured at admission as a sign of the
disease. Chronic concomitant diseases, alcohol consumption and
smoking were also recorded at the time of admission (Hong et al.,
2017; Hong et al., 2020). Longitudinal data of laboratory
parameters at different time points, i.e. within 24 h, 3–5 days,
7–9 days, and 11–14 days after admission, were collected and
analyzed. Outcomes were followed up until March 12, 2020.

This study protocol was approved by the Ethics Committee of
the First Affiliated Hospital of Wenzhou Medical University. It
was performed according to the principles expressed in the
Declaration of Helsinki, and informed consent was obtained
from all the subjects.

Statistical Analysis
The Shapiro-Wilk test was used to determine if the continuous
data follow a normal distribution (Hong et al., 2020). Continuous
values were expressed by mean ± SD or median and Inter
Quartile Range (IQR) and compared using one-way analysis of
variance (ANOVA) or the Kruskal-Wallis non-parametric test.
Categorical values were described by count and proportions and
compared by the c2 test or Fisher’s exact test.

The area under the receiver operating characteristic (ROC)
curve (AUC) was used to evaluate the performance of the
predictors. A larger AUC value is indicative of greater
diagnostic accuracy of a variable (Hong et al., 2011). An AUC
July 2021 | Volume 11 | Article 550456
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above 0·8 indicates good diagnostic accuracy for a variable
(Hong et al., 2017). The best cut-off point was set as the point
where the number of false positives is as low as possible
(specificity>95%) and is determined by selecting a threshold
value at the point where the longest increase in the sensitivity of
the slope declines (Hong et al., 2017). The sensitivity,
specificity, negative predictive value, positive predictive value,
positive likelihood ratio, negative likelihood ratio, and
diagnostic accuracy were all calculated for the various
corresponding cut-off values.

Pearson correlation and linear regression analysis were used
to investigate the relationship between predictor and length of
hospitalization. The variables with skewed distribution were log-
transformed for correlation analysis when necessary. Differences
were considered to be statistically significant if the two-tailed P
value was less than 0.05.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
RESULTS

Clinical Characteristics
A total of 63 hospitalized patients confirmed to have COVID-19
pneumonia were enrolled in our study. Twenty-eight patients
were imported cases who had traveled from Wuhan City
(Supplementary Figure 1). None of the medical staff were
infected. As shown in Table 1, the mean age of the pneumonia
patients was 55·9 ± 15·3 (range: 17-92) years. Forty-one (65·1%)
patients were men. The mean time from onset of symptoms to
admission into our hospital was 6·9 ± 3·7 days. A few of the
patients had a history of smoking (17·5%) and alcohol intake
(16·0%). Twenty-seven (42·9%) patients had chronic
concomitant diseases. The most common symptoms at the
onset of the illness were fever (98·4%), cough (61·94%) and
sputum (34·9%). However, 16 (25·4%) patients had normal body
TABLE 1 | Baseline characteristics of 63 patients infected with COVID-19 pneumonia on admission.

Characteristic Total number (N=63) Non- Critically ill (N=41) Critically ill (N=22) P-value

Median age, years (IQR) 56 ± 15 52·9 ± 14·9 61·5 ± 14·7 0·034
Male sex, N (%) 41 (65·1) 26 (63·4) 15 (68·2) 0·705
Time from symptoms to admission, days 6·9 ± 3·7 6·9 ± 4·0 6·8 ± 2·8 0·939
Epidemic data 0.847
Travelled from Wuhan, N (%) 25 (38·1) 16 (39·0) 9 (40·9)
Contacted to case, N (%) 14 (22·2) 10 (24·4) 4 (18·2)
Occult history, N (%) 24 (39·7) 15 (36·6) 9 (40·9)

Median BMI 25·2 (22·3–26·9) (N=40) 24·5 (22.1–26.4) (N=28) 25·9 (24·5–29·0) (N=12) 0·165
Smoking, N (%) 11 (17·5) 6 (14·6) 5 (22·7) 0·420
Alcohol, N (%) 10 (16·0) 6 (14·6) 4 (18·2) 0·713
Chronic concomitant diseases, N (%) 27 (42·9) 15 (36·6) 12 (54·6) 0·170
Hypertension, N (%) 21 (33·3) 12 (29·3) 9 (40·9) 0·407
Diabetes mellitus, N (%) 9 (14·3) 4 (9·8) 5 (22·7) 0·256
Malignancy, N (%) 2 (3·2) 0 (0) 2 (9·1) 0·118
Cardiovascular, N (%) 2 (3·2) 2 (4·9) 0 (0) 0·538
Neurologic, N (%) 1 (1·6) 1 (2·4) 0 (0) 1·000
Pulmonary, N (%) 1 (1·6) 0 (0) 1 (4·5) 0·349
Hepatitis virus carrier, N (%) 1 (1·6) 1 (2·4) 0 (0) 1·000

Symptoms
Fever, N (%) 62 (98·4) 40 (97·6) 22 (100) 1·000
Cough, N (%) 39 (61·9) 21 (51·2) 18 (81·8) 0·028
Sputum, N (%) 22 (34·9) 12 (29·3) 10 (45·5) 0·269
Dyspnoea, N (%) 17 (27·0) 4 (9·8) 13 (59·1) <0·001
Chills, N (%) 15 (23·8) 12 (29·3) 3 (13·6) 0·222
Fatigue, N (%) 8 (12·7) 4 (9·8) 4 (18·2) 0·434
Sore throat, N (%) 7 (11·1) 6 (14·6) 1 (4·6) 0·405
Headache, N (%) 3 (4·8) 3 (7·3) 0 (0) 0·546
Myalgia, N (%) 4 (6·4) 2 (4·9) 2 (9·1) 0·606
Diarrhea, N (%) 3 (4·8) 2 (4·9) 1 (4·6) 1·000

Signs
Distribution of temperature 0.128

<37·0, N (%) 16 (25·4) 14 (34·1) 2 (9·1)
37·0-37·4, N (%) 17 (27·0) 9 (22·0) 8 (36·4)

37·5-38·0, N (%) 15 (23·8) 10 (24·4) 5 (22·7)
38·1-39, N (%) 14 (22·2) 7 (17·1) 7 (31·8)
>39, N (%) 1 (1·6) 1 (2·4) 0 (0)
Mean arterial pressure (IQR), mmHg 99·0 ± 11·5 98·6 ± 11·4 99·6 ± 11·9 0·741
Heart rate, bpm 87·1 ± 16·0 88·2 ± 16·7 84·9 ± 14·7 0·438
Respiratory rate 20 (20–23) 20 (20–20) 23·5 (20–28) 0·004

Location of CT findings 0·538
Unilateral pneumonia 2 (3·2) 2 (4·9) 0 (0)
Bilateral pneumonia 61 (96·8) 39 (95·1) 22 (100)
July 2021 | Volume 11 | Article
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temperatures at admission. This means that the fever maybe not
persist from onset to admission. Sixty-one (96·8%) of the patients
had bilateral involvement of pneumonia in chest CT images
(Table 1). The typical findings from chest CT images upon
admission were local high-density patches, masses
(Supplementary Figure 2A), and ground-glass opacity
(Supplementary Figure 2B).

As shown in Figure 1, upon admission, there were 13, 42, and
8 patients with common type, severe type, and critically severe
type pneumonia, respectively, in our study. One COVID-19
pneumonia patient from the common type group and 13
COVID-19 pneumonia patients from the severe type group
progressed to the critically ill type during hospitalization.
Therefore, of the 63 patients, 22 (34·9%) required high-flow
nasal cannula at a later stage or higher-level oxygen support
measures to correct hypoxemia during hospitalization and were
classified as critically ill patients, while the remainder
(41 patients) were recorded as non-critically ill patients.

As shown in Table 1, in comparison with the non-critically ill
patients, patients with critical illness were generally older and
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
were more likely to report cough and dyspnoea with higher
respiratory rate frequency.

Laboratory Findings
Upon admission, data regarding levels of D-dimer (full data available
for 58 patients), B-type natriuretic peptide (full data available for 62
patients), and interleukin-6 (IL-6) (full data available for 46 patients)
were obtained. As shown in Table 2, in comparison to the non-
critically ill patients, patients with critical illness had higher white
blood cell and neutrophil counts, as well as higher levels of aspartate
transaminase, blood urea nitrogen, creatine, D-dimer, creatine kinase,
B-type natriuretic peptide, C-reactive protein, procalcitonin, and
interleukin-6. Besides, patients with severe pneumonia had more
severe hypoalbuminemia than patients exhibiting less critical forms of
the disease.

As shown in Figure 2, longitudinal data revealed that
statistical difference was still significant between COVID-19
pneumonia patient groups (critically ill vs non-critically ill) in
terms of counts or levels of white blood cells, neutrophils,
aspartate transaminase, blood urea nitrogen, and D-dimer
FIGURE 1 | Classifications of the severity of COVID-19-related pneumonia on admission, types of oxygen inhalation, and clinical outcomes. Light yellow indicates
COVID-19 pneumonia patients with non-critical illness; light red indicated patients with critical illness.
July 2021 | Volume 11 | Article 550456

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Hong et al. COVID-19 Pneumonia
within 3–5 days, 7–9 days, and 11–14 days of hospitalization.
There was a significant statistical difference recorded for albumin
and B-type natriuretic peptide levels between both groups within
3–5 or 7–9 days of hospitalization, but not within 11–14 days of
hospitalization. A significant statistical difference was also
observed for the interleukin-6 levels between the two groups
within 7–9 days and 11–14 days of hospitalization. Compared to
patients not critically ill with pneumonia, critically ill patients
had lower lymphocyte counts within 3–5 days, 7–9 days, and 11–
14 days of hospitalization. And the lymphocyte numbers
gradually increased with the duration of hospitalization in
pneumonia patients irrespective of disease severity.

Treatment and Outcomes
A high flow nasal cannula was initially used in the treatment of 18
patients, of which 6 belonged to the critically ill group and strictly
required a high flow nasal cannula, while the rest (12 patients)
were switched to mechanical ventilation or extracorporeal
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
membrane oxygenation (ECMO) (Table 2 and Figure 1).
Ultimately, mechanical ventilation was performed in 16 patients,
6 of whom received ECMO as rescue therapy (Figure 1).

A total of 52 (82·5%) patients received empirical antibiotic
therapy (moxifloxacin, 33 [52·4%]; tazocin, 18 [18·6%];
ceftazidime, 6 [9·5%]; and Piperacillin, 6 [9·5%]) and antiviral
therapy (Kaletra, 52 [82·5%] and Arbidol, 60 [95·2%]). Twenty-
seven (42·9%) patients were given systematic methylprednisolone,
while 26 (41·3%) patients received thymosin alpha 1. Additionally,
intravenous immunoglobulin, blood plasma transfusion, and
intravenous albumin were administered in 21 (33·3%), 12
(19·1%), and 43 (68·3%) patients, respectively. When compared
to the non-critically ill group of patients, critically ill patients were
given a higher dose of methylprednisolone, thymosin alpha 1,
intravenous immunoglobulin, blood plasma transfusion, and
intravenous albumin therapy (Table 2).

As of March 12, 2020, six critically ill patients were still
hospitalized. Among these, four had been transferred to the
TABLE 2 | Comparison of laboratory findings, treatment measures and clinical outcomes between critically and non-critically ill COVID-19 pneumonia patient groups.

Characteristic Normal range Non-Critically ill (N=41) Critically ill(N=22) P-value

Laboratory findings
Leukocyte (109/L) 3.5–9.5 5·1 (4·3–7.2) 9·5 (7·8–12·4) 0·001
Lymphocyte (109/L) 1.1–3.2 0·9 (0·72–1·17) 0·67 (0·44–1·07) 0·059
Neutrophil (109/L) 1.80–6.3 3·69 (2·81–5·45) 8·06 (5·13–9·84) 0·002
Platelet (109/L) 125–350 219 (168–296) 196 (155–231) 0·056
Total bilirubin, mmol/L 0–20 11 (8–15) 12·5 (8–17) 0·406
Alanine aminotransferase, U/L 9–50 24 (20–42) 38·5 (21–69) 0·217
Aspartate transaminase, U/L 15–40 28 (23–38) 50 (35–83) 0·001
Albumin, (mg/dL) 40.0–55.0 34·4 ± 4·6 30·8 ± 3·7 0·002
Blood urea nitrogen, mmol/L 2.8–7.2 4·7 (3·4–5·9 5·5 (4·9–6·9) 0·014
Creatinine, mmol/L 44–97 60 (55–67) 68·5 (58–83) 0·030
Glucose, mmol/L 3.9–6.1 7·4 (5·7–10·7) 9·3 (8–9·6) 0·121
Prothrombin time 11.5–14.6 15·9 (15·3–16·8) 16·2 (15·7–16·8) 0·829
Fibrinogen (N=57), g/L 2.00–4.00 5·35 (4·65–6·35) (N=38) 6·05 (5·16–6·84) (N=19) 0·101
D-dimer (N=58), mg/L 0.00–0.50 0·68 (0·48–0·98) (N=36) 1·14 (0·68–1·47) (N=22) 0·009
Creatine kinase, U/L 0.00–4.87 69 (52–90) 147·5 (64–283) 0·014
B-type natriuretic peptide (N=62), pg/ml 0.00–125.0 18·5 (10–53·5) (N=40) 64·5 (19–152) (N=22) 0·002
C-reactive protein, mg/L 0.0–6.0 20·4 (14·9–47·6) 54 (24·1–90) 0·021
Procalcitonin, ng/mL 0-0.5 0·06 (0·04–0·08) 0·12 (0·06–0·20) 0·001
Interleukin-6 (N=46), pg/ml <3 8·4 (4·0–32·2) (N=30) 76·1 (32·2–103·1) (N=16) <0·001

Treatment*
High flow nasal cannula, N (%) 0 18 (81·8) <0·001
Mechanical ventilation, N (%) 0 16 (72·7) <0·001
Non-invasive, N (%) 0 14 (63·6) <0·001
invasive, N (%) 0 10 (45·5) <0·001
Extracorporeal membrane oxygenation, N (%) 0 6 (27·3) <0·001
Antibiotics, N (%) 31 (75·6) 21 (95·5) 0·079
Antiviral, N (%)

Kaletra, N (%) 33 (80·5) 19 (86·4) 0·733
Arbidol, N (%) 39 (95·1) 21 (95·5) 1·000

methylprednisolone, N (%) 8 (19·5) 19 (86·4) 0·001
thymosin alpha 1, N (%) 10 (24·4) 16 (72·7) <0·001
Intravenous immunoglobulin, N (%) 8 (19·5) 13 (59·1) <0·001
blood plasma transfusion, N (%) 1 (2·4) 11 (50·0) <0·001
Intravenous albumin, N (%) 22 (53·7) 21 (95·5) 0·001

Outcomes
Hospitalization, N (%) 0 (0) 5 (22·7) 0·004
Discharge, N (%) 41 (100) 15 (68·2) <0·001
Hospital days, N (%) 17·2 ± 6·7 24·1 ± 5·5 <0·001
Death, N (%) 0 (0) 1 (4.5) 0·118
July 2021 | Volume 11 | Article
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general wards because of improved condition, while the
remaining two patients, who are 79 and 92 years old,
respectively, and are both supported by ECMO, are still in the
ICU. A total of 56 patients (88.9%) have been discharged, and
one patient (1·6%) died. The patient who died was 79 years old
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
and underwent ECMO therapy before death. When compared
with the non-critically ill patient group, critically ill patients had
a lower discharge rate (68·2% vs. 100%, p<0·001), longer hospital
stays (24·1 vs. 17·2 days, p<0·001), and a trend towards higher
mortality (4·5% vs. 0, p=0·349) (Table 2).
FIGURE 2 | Longitudinal analysis of twelve laboratory parameters altered during the hospitalization in critically and non-critically ill patients.
July 2021 | Volume 11 | Article 550456

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Hong et al. COVID-19 Pneumonia
Interleukin-6 in Predicting the Severity of
COVID-19 Pneumonia
Upon admission, the parameters that reached a statistically
significant difference between patients with and without critical
illness include age, presence of cough and dyspnoea, respiratory
rate, white blood cell counts, neutrophil counts, and levels of
aspartate transaminase, albumin, blood urea nitrogen, creatine,
D-dimer, creatine kinase, B-type natriuretic peptide, C-reactive
protein, procalcitonin, and interleukin-6. These were evaluated
as potential predictors of severe COVID-19 pneumonia. Based
on the ROC curve analysis, among single predictors, interleukin-
6 has the highest AUC (0·85), indicative of excellent diagnostic
accuracy (Figure 3). Further analysis revealed that there was a
positive correlation between IL-6 levels and duration of hospital
stay (R=0·58, p=0·0001) (Figure 4).

It was also inferred from the ROC curve analysis that the
optimum cut-off value for interleukin-6 was 77·5 pg/mol. The
sensitivity, specificity, positive likelihood ratio, negative
likelihood ratio, positive predictive value, negative predictive
value, and diagnostic accuracy were 50, 96·7, 15, 0·52, 88·9,
78·4, and 80·4%, respectively.

Using a cut-off value of 77·5 and the incidence of severe
pneumonia (34·8% in this study) as the pre-test probability, the
resulting Fagan plot (Figure 5) shows that interleukin-6 levels
can be clinically informative, as it increases the probability of the
patient being classified into the hypoxemia group by up to 89%
when positive, and lowers the probability by up to 22%
when negative.
DISCUSSION

The earliest patient was an imported case who had a history of
travel from Wuhan City, and the latest patient had an occult
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
epidemic history (Supplementary Figure 1). A total of 28
(38·1%) patients were imported cases that had immediate
travel history from Wuhan city. Fourteen (22·2%) patients had
a history of direct exposure to confirmed patients. The rapid
human-to-human transmission among close contacts is an
important feature of COVID-19 infection (Wang et al., 2020).
Early restriction of patient contact may reduce transmission of
FIGURE 3 | Forest plot for accuracy of various markers in predicting critical
COVID-19-related pneumonia. Each marker is plotted as an area under the
curve of the receiver operating characteristic curve (AUC) with a 95%
confidence interval.
FIGURE 4 | Relationship between IL-6 levels and length of hospitalization of
COVID-19-related pneumonia patients (data were available for 46 patients).
FIGURE 5 | Fagan plot of IL-6 for the hospital stay prediction of critically ill
COVID-19 patients (data were available for 46 patients).
July 2021 | Volume 11 | Article 550456
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the disease. If individuals come into contact with confirmed
patients with a history of travel to epidemic areas, such as
Wuhan, they would be quarantined at designated hospitals for
at least two weeks. Twenty-four (39·7%) patients had an occult
epidemic history. This highlights the importance of not
neglecting the possibility of transmission from asymptomatic
patients, since most (80%) patients with COVID-19 infection
would be mild and asymptomatic (Tian et al., 2020).

On average, critically ill patients were shown to be older than
non-critically ill patients (61·5 vs. 52·9 years old, p<0·034)
(Table 1). As of March 12, 2020, one patient died, while two
were still alive but critically ill (Figure 1). The patient who died
was 79 years old and underwent ECMO therapy before death.
Zhou et al. (2020) showed that older age is one of the risk factors
for mortality in adult inpatients with COVID-19 in Wuhan. In
our cohort, fever was the most common symptom at the onset of
the illness in patients with COVID-19 pneumonia (Table 1)
occurring in 62 patients (98·4%), followed by cough (61·94%)
and sputum (34·9%), which is in accordance with previous
studies (Guan et al., 2020; Wang et al., 2020). The remaining
patient was asymptomatic and had no fever from the moment
of admission until the time he was discharged. He was
hospitalized because he had a history of direct exposure to
confirmed patients and evidence of pneumonia based on chest
CT images. In addition, 16 (25·4%) patients had normal body
temperatures at admission. These findings suggest that a normal
fever scan cannot accurately diagnose COVID-19 pneumonia.
An RT-PCR test and chest CT images may be useful in
identifying COVID-19 pneumonia early and accurately in
individuals that have an exposure history, although it is not
known whether these measures are cost-effective or not. It also
implies that measuring only the body temperature may not
successfully identify all patients among individuals in public
places such as airports, hospitals, and schools; 52·4% of patients
had a temperature of <37·5°C, and only 1·6% of patients had a
high temperature, i.e. >39·0°C (Table 2). These findings are
consistent with a previous report by Guan et al. (2020). When
compared with the non-critically ill patients, the patient group
exhibiting critical illness had a higher incidence of cough and
dyspnoea and a higher respiratory rate. These symptoms could
be partly explained by histological findings from COVID-2019
pneumonia patients, in which lung tissue displayed pulmonary
edema with hyaline membrane formation and desquamation of
pneumocytes, indicating acute respiratory distress syndrome
(Xu Z. et al., 2020).

Patients belonging to the critically ill group had higher white
blood cell counts, neutrophil counts, and D-dimer levels than
patients in the non-critically ill group. This indicated that
severely ill patients get a stronger inflammatory response, as
well as activation of coagulation induced by viral infection.
Lymphocytopenia may be associated with cellular immune
deficiency. Yang et al. suggested that the severity of
lymphocytopenia may reflect the severity of COVID-2019
infection (Yang et al., 2020). Our study found that there was a
trend for lower total lymphocytes in patients belonging to the
critically ill group than those in the non-critically ill group,
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although it did not reach statistical significance upon admission
(p=0·059). Longitudinal data indicated that when compared to
non-critically ill COVID-19 pneumonia patients, critically ill
patients had lower lymphocyte counts within 3–5 days, 7–9 days,
and 11–14 days of hospitalization (Figure 2). Critically ill
patients also had hypoalbuminemia and increased levels of
aspartate transaminase, blood urea nitrogen, creatine, creatine
kinase, B-type natriuretic peptide, which are more indicative of
severe hepatic, kidney and myocardial injury (Wang et al., 2020).
It has been shown that, similar to SARS-CoV, the COVID-19
virus exploits the angiotensin converting enzyme 2 (ACE2)
receptor to gain entry into the cells (Baig et al., 2020). The
most remarkable finding was the surface expression of ACE2
protein on lung alveolar epithelial cells and enterocytes of the
small intestine (Hamming et al., 2004). Furthermore, ACE2 was
present in arterial and venous endothelial cells and arterial
smooth muscle cells in all tissues studied, including liver,
kidney, cardiovascular, and brain tissues (Hamming et al., 2004).

Rapid production of IL-6 contributes to host defense during
infection and tissue injury, but excessive IL-6 production causes
severe inflammatory diseases (Kang et al., 2019). Our study
showed that patients who were in critical condition had higher
IL-6 levels than patients who were not (76·1 vs. 8·4 pg/mL,
p<0·001) (Table 2). This means that severe COVID-19 infection
could result in a cytokine storm. Our study showed that there
was a good positive correlation between IL-6 levels and the
length of hospitalization. Higher IL-6 levels were associated with
longer hospital stays (R=0·58, p=0·0001) (Figure 4). Based on the
ROC curve analysis, the AUC and the optimum cut-off value of
interleukin-6 as a predictor of critical COVID-19 pneumonia
cases were 0·85 and 77·5 pg/mol, respectively. The sensitivity,
specificity, and diagnostic accuracy were 50, 96·7, and 80·4%,
respectively. Using the incidence of critically ill COVID-19
pneumonia as the pre-test probability, the resulting Fagan plot
shows that interleukin-6 can be clinically informative, as it
increases the probability of a patient being classified into the
hypoxemia group by up to 89% when positive and lowers the
probability to 22% when negative (Figure 5). Longitudinal data
also indicated a significant IL-6 decrease after hospitalization in
both patients with and without critical stage COVID-19
pneumonia (Figure 2). There is evidence that IL-6 blockade
strategy is beneficial for several inflammatory diseases, such as
rheumatoid arthritis, juvenile idiopathic arthritis (Kang et al.,
2019). It would be interesting to conduct a randomized clinical
trial to test whether interfering with the IL-6 signalling axis in
COVID-19 pneumonia patients is effective in treating
the disease.

Yang et al. suggested that for non-critically ill patients, close
follow-up is likely to be sufficient to manage the disease (Yang et al.,
2020). Our study showed that patients with non-critical illness
upon admission may advance to a critical stage later on. As shown
in Figure 1, one COVID-19 pneumonia patient in the common
type group and 13 patients in the severe type group advanced to the
critically ill stage during hospitalization. This means that both
critically ill and non-critically ill COVID-19 pneumonia patients
need close monitoring and aggressive treatments.
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Until now, no specific treatment has been recommended for
coronavirus infections, except for meticulous supportive care
(Wang et al., 2020). Mechanical ventilation is the main
supportive treatment for critically ill patients (Yang et al.,
2020). Three (50%) of the six patients who used ECMO
recovered and got discharged. ECMO is an excellent candidate
for refractory hypoxemia caused by severe acute respiratory
distress syndrome, if it can be delivered in a medical center
that has experience of using this form of therapy (Mi et al., 2018).
Even without solid evidence for the effectiveness of antibacterial
or antiviral therapies in the treatment of COVID-19 infections,
82·5% (52/63) of patients received antibacterial agents and nearly
all the patients received antiviral therapy. For this study, we used
Kaletra and Arbidol. A study on the Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) showed that the timing of
the start of treatment with antiviral agents is important in most
viral infections, and starting antiviral treatment early might lead
to better outcomes (Momattin et al., 2013).

When compared with the non-critically ill patients in our
study, the critically ill ones received higher levels of
methylprednisolone (86·4% vs. 19·5%, p=0·001). The dose of
methylprednisolone varied depending on disease severity (Wang
et al., 2020). Systemic corticosteroids were shown to delay viral
clearance in critically ill patients with MERS-CoV (Memish et al.,
2020). However, a study on severe acute respiratory syndrome
(SARS) suggested that the use of interferon alfacon-1 plus
corticosteroids was associated with reduced disease-associated
impaired oxygen saturation and more rapid resolution of
radiographic lung abnormalities (Loutfy et al., 2003). Wu et al.
reported that treatment with methylprednisolone may be
beneficial for patients with COVID-19 pneumonia who
develop acute respiratory distress syndrome (Wu et al., 2020).

When compared with the non-critically ill patients, critically
ill ones had a lower discharge rate (68·2% vs. 100%, p<0·001) and
longer hospital days (24·1 vs. 17·2 days, p<0·001), as well as a
trend towards higher mortality (4·5% vs. 0, p=0·349). The
mortality of critically ill patients in our study was significantly
lower than that reported by Yang et al. in Wuhan (4·5% vs.
61·5%) (Yang et al., 2020). Early isolation, early diagnosis, and
early management might have collectively contributed to the
reduction in mortality (Guan et al., 2020). In addition, thymosin
alpha 1, intravenous administration of immunoglobulin, blood
plasma transfusion and intravenous albumin therapy may also
improve the clinical outcome.

The limitation of this study is that it is a retrospective study
from a single center, and the sample size was small. Patients had
a variety of different treatments (for example: antivirals,
antibiotics, intravenous immunoglobulin, blood plasma
transfusion, and intravenous albumin). This made it very
difficult to interpret any other outcome data objectively.
Therefore, it would be interesting to conduct a randomized
clinical trial to assess the effect of different therapeutic
strategies for patients with or without COVID-19 pneumonia
in future studies. Additionally, only patients with pneumonia
were enrolled, so our results may be not applicable to patients
without pneumonia.
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CONCLUSIONS

In conclusion, both critically ill and non-critically ill COVID-19
pneumonia patients need close monitoring and aggressive
treatments. There was a statistically significant difference
between critically ill and non-critically ill COVID-19
pneumonia patients in terms of age, some symptoms,
laboratory findings, treatments, and outcomes. Interleukin-6
levels upon admission is a good predictor of the disease, and it
is associated with the length of hospitalization.
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