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Background: The outbreak of coronavirus disease 2019 (COVID-19) has posed a huge threat to human health.
However, little is known regarding the risk factors associated with COVID-19 severity. We aimed to explore
early-stage disease risk factors associated with eventual disease severity.

Methods: This study enrolled 486 hospitalized, non-intensive care unit (ICU)-admitted adult patients with COVID-
19 (age > 18 years) treated at Wuhan Jinyintan Hospital, who were divided into three groups according to disease
severity. The demographic, clinical, and laboratory data at admission and clinical outcomes were compared
among severity groups, and the risk factors for disease severity were identified by multiple regression analysis.

Results: Of 486 patients with COVID-19, 405 (83.33%) were discharged, 33 (6.71%) died outside of the ICU,
and 48 (7.20%) were still being treated in the ICU by the time the study period ended. Significant differences
in age, lymphocyte counts, and the levels of procalcitonin, aspartate aminotransferase, and D-dimer (P < 0.001
for all) among the three groups. Further analysis showed that older age, decreased lymphocyte counts, and
increased procalcitonin, aspartate aminotransferase, and D-dimer levels were significantly associated with disease
progression.

Conclusion: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) may impair the immune system, the
blood coagulation system, and hepatic and cardiac function. Some clinical characteristics and laboratory findings
can help identify patients with a high risk of disease severity, which can be significant for appropriate resource
allocation during the COVID-19 pandemic.

Introduction

The coronavirus disease 2019 (COVID-19) outbreak presents
a critical threat to global health and represents a huge chal-
lenge for the economic, medical, and public health infrastruc-
ture of China and the world. COVID-19 is caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2). The clini-

cal characteristics, diagnosis, pathogenesis, and epidemiology
of COVID-19 have been well-described in many studies [1-4].
These studies reported that older age, comorbidities, D-dimer
levels greater than 1 pg/L, and high Sequential Organ Failure As-
sessment (SOFA) scores assessed during early-stage disease were
potential risk factors for poor prognosis. The clinical spectrum of
COVID-19 ranges from mild to critical. Yang et al. [3] analyzed
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52 critically ill patients who were admitted to the intensive care
unit (ICU) of Wuhan Jinyintan Hospital and reported a mortal-
ity rate as high as 61.5%. Disease severity has been associated
with clinical outcomes. However, little is known regarding the
factors that contribute to COVID-19 disease severity.

Studies examining the detailed clinical features and the clin-
ical outcomes of COVID-19 patients presenting with different
disease severity are scarce. However, such studies will provide
guidance for the efficient allocation of healthcare resources,
which is crucial for reducing patient mortality. In this study,
we compared the clinical and laboratory characteristics and out-
comes among patients groups presenting with moderate, severe,
and critical COVID-19 to explore the risk factors for increased
disease severity. Our purpose was to establish a preliminary
triage principle to quickly identify patients who were likely to
become critically to provide a reasonable mechanism for re-
source allocation in situations in which the number of patients
is rising rapidly and resources are scarce.

Methods
Study design and participants

This study was a single-center, retrospective study that in-
cluded 486 hospitalized, non-ICU-admitted adult patients with
COVID-19 (age > 18 years) at Wuhan Jinyintan Hospital be-
tween February 1, 2020, and March 20, 2020 (Clinical trial reg-
istration number: NCT04292327). All of the adult patients en-
rolled in this study were diagnosed with COVID-19 and treated
according to the Fifth version of the Protocol of the Diagno-
sis and Treatment for Novel Coronavirus Pneumonia (hereafter
referred to as the Fifth Protocol), which was released by the
National Health Commission and State Administration of Tradi-
tional Chinese Medicine of China on February 6, 2020 [5].

This study was approved by the Ethics Committee of the Jiny-
intan Hospital (KY-2020-24.01), and written informed consent
was waived by the Ethics Committee.

Clinical classification

According to the Fifth Protocol, COVID-19 patients were cat-
egorized into four groups: mild, moderate, severe, and critical.
Patients in the mild group presented with mild clinical symp-
toms and no signs of pneumonia on imaging. Patients in the
moderate group presented with fever, cough, and other respira-
tory symptoms, with evidence of pneumonia on chest computed
tomography. Patients were classified as severe if they met any
of the following criteria: (1) respiratory distress and respiratory
rate > 30 breaths a minute; (2) oxygen saturation on room air <
93% at rest; or (3) arterial partial pressure of oxygen/fraction of
inspired oxygen (Pa0,/FiO,) < 300 mmHg. Patients were cate-
gorized into the critical group if they met any of the following
criteria: (1) required mechanical ventilation due to respiratory
failure; (2) experienced shock; or (3) experienced organ failure,
requiring ICU care.

Data collection

Data were extracted from electronic medical records. We col-
lected baseline demographic variables, clinical symptoms at ad-
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mission (fever, cough, tachypnea, sore throat, fatigue, and di-
arrhea), disease severity (mild, moderate, severe, and critical),
time from symptom onset to diagnosis, time from diagnosis to
hospital admission, the fastest respiratory rate and blood pres-
sure values recorded on admission, laboratory variables (white
blood cell counts, lymphocyte counts, platelet counts, and levels
of creatinine, total bilirubin, and inflammatory cytokines), radi-
ological findings, comorbidities (hypertension, coronary heart
disease, diabetes, chronic hepatitis, and tumor), and clinical out-
comes (death, admission to ICU, and discharge). All medical
data were independently verified by two authors (J Xu and Q
Li), and another author (Y Cai) made the final decision on any
differences in data interpretation between the two authors.

We compared the clinical characteristics and laboratory find-
ings among three of the four groups (moderate, severe, and
critical). We set the upper and lower limits for each variable
based on the normal limits of laboratory examinations and then
counted the number of individuals in each group that were
above or below those numbers. The time from symptom onset
to diagnosis and the time from diagnosis to hospital admission
were included due to the overwhelming number of patients with
COVID-19 and the local limited medical resources in Wuhan
during the early stages of the disease outbreak.

Statistical analysis

The Shapiro-Wilk normality test was used to examine the as-
sumption of normality for all variables. Data are expressed as the
mean + standard deviation, median (interquartile range [IQR]),
or frequencies and percentage, as indicated. Analysis of vari-
ance, Kruskal-Wallis test, Chi-square test, and Fisher’s exact test
were used to compare values among the three severity groups. A
logistic regression model was built for each of the three groups,
using the moderate severity group as the reference group, to
examine the relationships between disease severity and predic-
tor variables. To explore the prognostic risk factors, multiple
regression analysis was used. The results are expressed as odds
ratios with 95% confidence intervals (CIs). A value of P < 0.05
was considered significant. SPSS version 23.0 (IBM Corporation,
Chicago, IL, USA) was used for data analysis.

Results
Patients characteristics

A total of 270, 124, and 92 patients were included in the
moderate, severe, and critical groups, respectively [Table 1].
The average age for all included patients was 59.25 + 13.69
years. Patients in the critical group were older than those in the
severe and moderate groups (P< 0.001 for both). Only 2.06%
of patients had any history of contact with the Huanan Seafood
Wholesale Market (Huanan wet market). A total of 39.71% of
patients had comorbidities, especially hypertension. More pa-
tients with comorbidities were categorized in the severe and
critical groups than in the moderate group. The time from symp-
tom onset to diagnosis was similar among the three groups.
Compared with the moderate group, the wait time for admis-
sion among patients with severe and critical illness was shorter.
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Table 1
Demographics and clinical characteristics of patients with COVID-19 according to disease severity.
Variable Total patients Disease severity P-value
(n = 486) Moderate (n = 270) Severe (n = 124) Critical (n = 92)

Age (years), mean+SD 59.25+13.69 56.66+13.25" 60.67+13.12 64.89+13.87 <0.001

Sex 0.250
Female, n (%) 23 4 (48.15) 138 (51.11) 58 (46.77) 38 (41.30)
Male, n (%) 252 (51.85) 132 (48.89) 66 (53.23) 54 (58.70)

Exposure history to seafood market, n (%) 10 (2.06) 6 (2.22) 3(242) 1(1.09) 0.761

Comorbidity, n (%) 193 (39.71) 86 (31.85)" 53 (42.74) 54 (58.70) <0.001
Hypertension 136 (27.98) 56 (20.74) 42 (33.87) 38 (41.30) <0.001
Coronary heart disease 25 (5.14) 10 (3.70) 7 (5.65) 8 (8.70) 0.160
Diabetes 48 (9.88) 24 (8.89) 13 (10.48) 11 (11.96) 0.672
Chronic hepatitis 11 (2.26) 7 (2.59) 2 (1.61) 2(2.17) 0.917
Tumor 10 (2.06) 1 (0.37) 3(2.42) 6 (6.52) 0.001

First symptom, n (%)
Fever 389 (80.04) 212 (78.52) 105 (84.68) 72 (78.26) 0.326
Cough 223 (45.88) 126 (46.67) 59 (47.58) 38 (41.30) 0.610
Tachypnea 137 (28.19) 75 (27.78) 25 (20.16)" 37 (40.22) 0.005
Sore throat 5(1.03) 4(1.48) 1 (0.81) 0 (0.00) 0.833
Fatigue 101 (20.78) 58 (21.48) 21 (16.94) 22 (23.91) 0.418
Diarrhea 24 (4.94) 12 (4.44) 6 (4.84) 6 (6.52) 0.728

Systolic pressure (mmHg), median (IQR) 123.00 (115.00, 132.00) 123.00 (114.75, 132.00) 123.00 (115.50, 130.50) 124.00 (110.00, 135.00) 0.909

Diastolic pressure (mmHg) median (IQR) 78.00 (70.00, 85.00) 77.00 (71.00, 85.00) 79.00 (69.50, 85.50) 78.00 (66.00, 86.00) 0.384

Time from symptom onset to diagnosis (days), median (IQR) 7.00 (5.00, 11.00) 7.00 (5.00, 11.00) 8.00 (6.00, 12.00) 7.00 (5.00, 10.75) 0.319

Time from diagnosis to hospital admission (days), median (IQR) 3.00 (1.00, 6.00) 3.00 (1.00, 7.00)"" 2.00 (1.00, 5.00) 2.00 (1.00, 5.00) 0.004

SD: Standard deviation; IQR: Interquartile range.

*P < 0.05 and T P < 0.05. There are post-hoc comparisons.
* Comparison between critical group and moderate or severe group.
T Comparison between severe group and moderate group.
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Laboratory findings on admission

The proportions of patients with abnormal white blood cell
counts, neutrophil counts, and brain natriuretic peptide levels
were the highest in the critical group [Table 2]. The critical
group and the severe group contained more patients with high
levels of serum ferritin and troponin I and low total lymphocyte
counts than the moderate group, whereas the proportions of pa-
tients with abnormally high levels of procalcitonin, aspartate
aminotransferase, and D-dimer were the highest in the critical
group and the lowest in the moderate group. Compared with the
moderate group, the critical group had a lower platelet count
and a higher creatinine level.

Table 2
Laboratory findings of patients at the time of hospital admission.

Journal of Intensive Medicine 1 (2021) 117-122
Clinical outcomes

A total of 33 (35.87%) critically ill patients died in a non-ICU
ward, and 38 (41.3%) critically ill patients were transferred to
the ICU. A total of 97.78% of patients in the moderate group
and 96.77% of patients in the severe group were successfully
treated and discharged. More patients in the critical and severe
groups presented with the positive detection of SARS-CoV-2 nu-
cleic acids by real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) after two consecutive negative results than
those in the moderate group. No significant difference in the
persistence of positive SARS-CoV-2 nucleic acid test results was
observed among the three groups [Table 3].

Laboratory Total patients Disease severity P-value
finding —
(n = 486) Moderate(n = 270) Severe(n = 124) Critical(n = 92)

White blood cell count >10 x 10°/L or <4 x 10°/L 104 (21.40) 44 (16.30)" 25 (20.16)' 35 (38.04) <0.001
Neutrophil count >6.3 x 10°/L or <1.8 x 10°/L 137 (28.19) 56 (20.74) 35 (28.23)" 46 (50.00) <0.001
Lymphocyte count <1.1 x 109/L 256 (52.67) 102 (37.78) | 82 (66.13)" 72 (78.26) <0.001
Platelet count <125 x 10°/L 45 (9.26) 15 (5.56)" 12 (9.68) 18 (19.57) <0.001
Hematocrit >0.45 or <0.35 192 (39.51) 99 (36.67) 59 (47.58) 34 (36.96) 0.103
Inflammatory cytokines

C-reactive protein >6 mg/L 84 (17.28) 64 (23.70)* 1 12 (9.68) 8 (8.70) <0.001

Procalcitonin >0.05 ng/L 139 (28.60) 38 (14.07)" 1 45 (36.29)" 56 (60.87) <0.001

Interleukin-6 >0.7 pg/L 279 (57.41) 147 (54.44) 72 (58.06) 60 (65.22) 0.193

Erythrocyte sedimentation rate>20 mm/H 325 (66.87) 159 (58.89)" 1 96 (77.42) 70 (76.09) <0.001

Serum ferritin >274.66 ng/mL 271 (55.76) 127 (47.04)" 82 (66.13) 62 (67.39) <0.001
Total bilirubin >21 pmol/L 42 (8.64) 19 (7.04) 9 (7.26) 14 (15.22) 0.045
ALT >40 pmol/L 172 (35.39) 91 (33.70) 46 (37.10) 35 (38.04) 0.682
AST >35 pmol/L 208 (42.80) 85 (31.48)" ' 58 (46.77)" 65 (70.65) <0.001
Creatinine >81 umol/L 117 (24.07) 54 (20.00)’ 28 (22.58) 35 (38.04) 0.002
Amylase >135 U/L 14 (2.88) 7 (2.59) 4 (3.23) 3(3.26) 0.914
Lipase >78 U/L 45 (9.26) 16 (5.93)" 17 (13.71) 12 (13.04) 0.018
PT >13.5 s 22 (4.53) 10 (3.70) 6 (4.84) 6 (6.52) 0.522
APTT >37 s 30 (6.17) 10 (3.70) 12 (9.68) 8 (8.70) 0.039
Fibrinogen >4 g/L 247 (50.82) 115 (42.59)" 82 (66.13) 50 (54.35) <0.001
D-dimer >1.5 ng/mL 124 (25.51) 41 (15.19) 7 35 (28.23) 48 (52.17) <0.001
BNP >100 pg/mL 48 (9.88) 17 (6.30)" 9 (7.26) 22 (23.91) <0.001
cTnl >0.1 ng/mL 52 (10.70) 43 (15.93) 7 4 (3.23) 5 (5.43) <0.001

Values are presented as n(%).

ALT: Alanine transaminase; AST: Aspartate aminotransferase; PT: Prothrombin time; APTT: Activated partial thromboplastin time; BNP:

Brain natriuretic peptide; cTnl: Troponin L.
*P < 0.05 and T P < 0.05. There are post-hoc comparisons.

* Comparison between critical group and moderate or severe group.

T Comparison between severe group and moderate group.

Table 3
Clinical outcomes according to disease severity.

Variable Total patients Disease severity P-value
(n = 486) Moderate (n = 270) Severe (n = 124) Critical (n = 92)
Deaths, n(%) 33 (6.79) 0 (0.00)* 0 (0.00)* 33 (35.87) <0.001
ICU admissions, n(%) 48 (7.20) 6 (2.22)" 4 (3.23) 38 (41.30) <0.001
Discharge, n(%) 405 (83.33) 264 (97.78)" 120 (96.77)' 21 (22.83) <0.001
Hospital stay (days), median (IQR) 13.00 (10.00, 18.00)  13.00 (9.00, 17.00)"  14.00 (12.00, 20.00)  13.00 (9.00, 21.00)  0.006
RP, n(%) 55 (11.32) 20 (7.41) 7 20 (16.13) 15 (16.30) 0.010
The duration of nucleic acid positive PCR(days), median (IQR)  9.00 (6.00, 13.00) 9.00 (5.00, 13.00) 10.00 (6.00, 13.00) 11.00 (7.00, 14.00) 0.403

IQR: Interquartile range; RP: Re-detectable SARS-CoV-2 nucleic acids by RT-PCR test after two consecutive negative results.

*P < 0.05 and { P < 0.05. There are post-hoc comparisons.
* Comparison between the critical group and the moderate or severe group.
T Comparison between the severe group and the moderate group.
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Table 4
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Logistic regression of factors associated with disease severity.

Variables Moderate (n = 270) Severe (n = 124) Critical (n = 92)

Age 1.000 1.022 (1.001-1.044) 1.035 (1.008-1.063)
Lymphocyte count 1.000 2.268 (1.290-3.989)  3.585 (1.663-7.729)
Procalcitonin 1.000 1.857 (0.992-3.475)  3.207 (1.561-6.587)
Aspartate aminotransferase 1.000 1.242 (0.713-2.166) 4.081 (2.004-8.312)
D-dimer 1.000 1.678 (0.903-3.119)  3.336 (1.622-6.863)

Values are presented as odd ratio (95% confidence interval).

Risk factors for disease severity

Statistically significant indicators of univariate analysis were
included in multiple regression analysis. As shown in Table 4,
older age, decreased lymphocyte counts, and increased levels
of procalcitonin, aspartate aminotransferase, and D-dimer were
identified as risk factors for disease severity.

Discussion

The number of patients infected with SARS-CoV-2 continues
to increase dramatically outside of China, such as in America,
Europe, and Southeast Asia. Many healthcare workers in these
regions are facing similar situations that the doctors and nurses
in Wuhan have previously experienced, in which the sharp in-
crease in the number of patients places tremendous pressure on
medical staff and resource allocation. Therefore, the develop-
ment of a reliable triage process that can be used to better clas-
sify COVID-19 patients remains necessary to allow for physi-
cians to appropriately evaluate and treat suspected or confirmed
COVID-19 patients, which will improve medical resource alloca-
tion and reduce mortality. We summarized the clinical charac-
teristics, laboratory results, and outcomes among patients diag-
nosed with COVID-19 at the Jinyintan Hospital, which has been
designated as a specific treatment center for patients who are
positive for SARS-CoV-2, to explore the risk factors associated
with disease severity.

Patients with COVID-19 were categorized into moderate, se-
vere, and critical presentation groups according to the diagnos-
tic criteria established by the Fifth Protocol. We found that the
older patients tended to experience more serious disease pre-
sentations. Compared with the moderate group, severe and crit-
ically ill patients had more comorbidities, especially hyperten-
sion, which is similar to the findings reported by other groups
[6]. No significant differences in the degree of hypertension
were observed among the three groups. The median time from
symptom onset to diagnosis was 7 days. The wait times between
diagnosis and admission for severe and critically ill patients
were shorter than that for the moderate group, which indicates
that the medical system in Wuhan adopted an effective triage
process. The results of this study showed that the wait time for
admission did not affect patient prognosis, in contrast with the
study reported by Liang et al. [7], which found that the duration
from symptom onset to hospitalization was an independent risk
factor for prognosis.

More abnormal laboratory test results were observed in
the severe group and the critical group than in the moder-
ate group, such as elevated levels of brain natriuretic pep-
tide, procalcitonin, serum ferritin, total bilirubin, blood cre-
atinine, aspartate aminotransferase, and D-dimer, increased
white blood cell and neutrophil counts, prolonged prothrom-
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bin times, and decreased total lymphocyte and platelet counts.
These findings suggested that COVID-19 could cause multi-
ple organ dysfunction. Increasing research on the pathogenesis
and pathophysiology of COVID-19 has identified angiotensin-
converting enzyme 2 (ACE2) as the most likely primary recep-
tor through which SARS-CoV-2 gains access to human cells [8].
Disease progression results in the activation of immune cells
and coagulation pathways, which can lead to multiple organ
failure [8,9].

The multiple regression analysis showed that older age, de-
creased lymphocyte count, and increased levels of procalcitonin,
aspartate aminotransferase, and D-dimer were independent risk
factors for disease severity. In addition, recent studies have indi-
cated that increased procalcitonin levels in patients with COVID-
19 pneumonia were associated with bacterial infections [10,11],
suggesting that the increased severity of COVID-19 could be the
result of concomitant bacterial infections, damaged cellular im-
munity, and impaired blood coagulation and liver functions.
These results also remind us that the prevention of bacterial
infections and appropriate immunotherapy may be key factors
for delaying disease progression and reducing mortality. Many
studies have shown that immunotherapy represents a promising
therapeutic avenue for COVID-19 [12,13].

C-reactive protein (CRP) and interleukin (IL)-6 levels have
previously been associated with COVID-19 disease severity, but
our retrospective study did not support these findings [14-16].
Unlike previous studies, the present study compared the propor-
tions of abnormal indicators among different disease severity
groups rather than examining differences in the absolute val-
ues of these indicators. These differences between our study
and the previous studies may also indicate that other factors
are involved in disease progression. For example, recent stud-
ies have shown that coagulation system disorders could lead to
microthrombosis [9,17]. More studies remain necessary to de-
termine the pathophysiological mechanisms that lead to the ex-
acerbation of COVID-19.

There are several limitations to our study. First, this study
was a single-center retrospective study with a limited sample
size, and the data we collected occurred during the early stages
of the COVID-19 outbreak before some laboratory tests began to
be ordered for COVID-19. Second, some information for patients
who were transferred to the ICU was missing, which may be cru-
cial for exploring further risk factors. Third, we only analyzed
some of the clinical characteristics, laboratory findings, and fi-
nal outcomes of patients. However, dynamic changes in com-
puted tomography and other clinical symptoms and laboratory
findings may also be crucial to predicting disease progression.
Finally, we compared the proportion of patients with abnormal
laboratory tests among different disease severity groups. How-
ever, the absolute values of these laboratory tests may also be
related to disease progression.
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In conclusion, based on our data and analyses, SARS-CoV-2
may attack the immune system, the blood coagulation system,
and the livers and hearts of COVID-19 patients. More attention
should be paid to patients with older age, decreased lymphocyte
counts, and increased levels of procalcitonin, aspartate amino-
transferase, and D-dimer.
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