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Abstract. - OBJECTIVE: The aim of this study
was to retrospectively analyze clinical charac-
teristics and laboratory results of the novel coro-
navirus pneumonia (COVID-19) patients so as to
identify factors related to disease progression.

PATIENTS AND METHODS: Sixty-one patients
with COVID-19 were divided into two groups: an
improvement/stabilization group (n = 53) and a
progression group (n = 8). Clinical data were col-
lected to analyze and compare the differences
between the two groups.

RESULTS: Of the sixty-one patients, thir-
ty-one were male (50.8%), and thirty were female
(49.2%), with a median age of 53 years. On ad-
mission, significant differences were observed
between the two groups with respect to the lev-
els of Creatine Kinase (CK), lymphocytes, D-di-
mer and creatinine, and prothrombin time (PT).
Univariate logistic regression analysis showed
that Platelet-to-lymphocyte ratio (PLR), lympho-
cytes, Mean platelet volume to lymphocyte ratio
(MPVLR), CK, White Blood count to mean plate-
let volume ratio (WMR), Lymphocyte-to-mono-
cyte ratio (LMR), and serum creatinine were
important factors for disease progression. Multi-
variate logistic regression analysis showed that
PLR was an independent factor for disease pro-
gression in COVID-19 patients. The receiver op-
erating characteristic (ROC) curve revealed that
the best predictor of disease progression was
CK. Dynamic changes in the laboratory indica-
tors of patients were tracked, and significant dif-
ferences were found in the variation trends of
white blood cell count, neutrophil count, and
WMR, which gradually increased in the progres-
sion group, but gradually decreased in the im-
provement/stabilization group.

CONCLUSIONS: Risk factors for disease pro-
gression included PLR, lymphocytes, MPVLR,

12490

CK, WMR, LMR, and creatinine, among which,
PLR is an independent risk factor for disease
progression in COVID-19 patients.
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Introduction

Currently, the COVID-19 pandemic is threa-
tening global health. The infection rates outside
China are increasing rapidly, with more than 2.18
million confirmed global cases of COVID-19, as
of April 18, 2020. Most patients of COVID-19
have mild symptoms, but some may develop se-
vere pneumonia, pulmonary edema, acute respi-
ratory distress syndrome (ARDS), multiple organ
dysfunction syndrome, or even death. According
to an epidemiological report of COVID-19 by the
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China Center for Disease Control (CDC), among
a total of 44,672 confirmed cases, severe case pa-
tients accounted for 13.8%, and critically ill pa-
tients accounted for 4.7%'. For critically ill patien-
ts, the crude case fatality ratio was 49.0%, and the
average risk of death within a 10-day follow-up
was 0.325'.

Huang et al*> found that high body tempera-
ture, dyspnea symptoms, respiratory rate, white
blood cell count, neutrophil count, lymphocyte
count, D-dimer, albumin, and procalcitonin were
risk factors for ICU care in COVID-19 patients.
However, risk factors for the disease progression
in COVID-19 patients have not been reported. To
further improve the treatment of COVID-19 pa-
tients and reduce mortality, it is necessary to eva-
luate the possible risk factors for disease progres-
sion. Through a retrospective analysis of general
data, clinical symptoms, and laboratory results of
sixty-one confirmed COVID-19 patients admitted
to the isolation wards of Dawu County Hospital
of Traditional Chinese Medicine in Xiaogan city,
Hubei province, China, we explored the possible
risk factors for disease progression, so as to pro-
vide guidance for improving prognosis, and redu-
cing the rate of severe disease and mortality.

Patients and Methods

Patients

A total of sixty-one patients with confirmed CO-
VID-19, who were admitted to the isolated wards
of Dawu County Hospital of Traditional Chine-
se Medicine in Xiaogan, Hubei province, China,
between January 23, 2020, and March 11, 2020,
were enrolled in our study. All the patients had
confirmed diagnosis based on a positive test re-
sult for COVID-19 nucleic acids by real-time fluo-
rescence reverse transcription-polymerase chain
reaction (RT-PCR), according to the “Diagnosis
and Treatment Protocol for Novel Coronavirus In-
fection-Induced Pneumonia version 7 (trial)™.

The study was performed in accordance with
Chongqing University Center Hospital Ethi-
cs Committee [Ethics No. (16) 2020] (April 26,
2020). Verbal consent was provided by all the pa-
tients, but the requirement for written informed
consent was waived, given the state of an emer-
ging infectious disease.

Definitions
The patients were divided into the progression
group or the improvement/stabilization group ba-

sed on their clinical results. Specific criteria were
as follows: (1) progression group: common-type
disease developed to severe- or critical-type, or
death; severe-type disease developed to criti-
cal-type or death; or critical-type disease pro-
gressed to death. (2) improvement/stabilization
group: common-, severe-, and critical-types re-
mained unchanged; severe-type changed to com-
mon-type; or critical-type changed to severe- or
common-type.

The clinical typing was divided into four types
according to the “Diagnosis and Treatment Pro-
tocol for Novel Coronavirus Infection-Induced
Pneumonia version 7 (trial)”® by the general office
of the National Health Commission of China: (I)
mild type, with mild clinical symptoms, and no
pneumonia on imaging; (II) common type, with
fever, symptoms of the respiratory tract and other
symptoms, and with pneumonia on imaging; (I11)
severe type, with any of the following conditions:
1) respiratory distress, RR > 30 times/min; 2) at
rest, oxygen saturation of arterial blood of finger
< 93%; 3) arterial oxygen partial pressure (PaO2/
FiO2) < 300 mmHg; (IV) critical type, with any
of the following conditions: 1) respiratory failure
and the need for mechanical ventilation; 2) shock;
3) with another organ failure which should be mo-
nitored and treated by ICU.

Research Methods

Age, gender, underlying diseases, clinical symp-
toms, and vital signs were retrospectively analyzed
for patients in both groups upon admission. Also,
blood test results were analyzed, which mainly
included blood routine, liver function, renal fun-
ction, coagulation function, myocardial enzyme
spectrum, blood lipid, C-reactive protein (CRP),
procalcitonin (PCT) and other possible markers
of disease. Numerous previous studies*® have re-
ported that as new inflammatory markers, NLR,
LMR, PLR, MPVLR, CAR, WMR, and other pe-
ripheral blood correlation parameter ratios might
be of value in evaluating the severity of multiple
systemic diseases, including infectious diseases;
thus, we calculated the above ratios and compared
the differences between the two patient groups.

Statistical Analysis

Categorical variables were described as fre-
quency rates and percentages, and continuous
variables were described as mean, median, and
interquartile range (IQR) values. Independent
group t-tests were used for comparing means for
continuous variables when the data were normal-
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ly distributed; otherwise, the Mann-Whitney test
was used for comparison. y test was used to com-
pare proportions for categorical variables, whe-
reas Fisher’s exact test was used when the data
were limited. Univariate and multivariate logistic
regression analyses were adopted to identify the
risk factors for disease progression. All variables
from the univariate analysis with a p-value <0.1
were subjected to the multivariate logistic regres-
sion analysis. The area under the curve (AUC)
of receiver operating characteristic (ROC) curve
was used to evaluate the predictive effect of fac-
tors on disease progression. All statistical analy-
ses were performed using Statistical Package for
the Social Sciences (SPSS) version 26.0 software
(IBM Corp., Armonk, NY, USA). For unadjusted
comparisons, a 2-sided a of less than 0.05 was
considered statistically significant.

Results

Baseline Characteristics

A total of sixty-one inpatients with confir-
med COVID-19, which included thirty-one male
(50.8%) and thirty female (49.2%) patients, of a
median age of 53 years (IQR, 41-63 years; range,

Table I. Baseline Characteristics of COVID-19 patients.

30-85 years) were included in the study. Among
the sixty-one patients, eighteen (29.5%) had one
or more underlying diseases. Hypertension [12
(19.7%)], diabetes mellitus [6 (9.8%)] and cardio-
vascular disease [4 (6.6%)] were the most com-
mon underlying diseases (Table I).

The most common symptoms were fever [49
(80.3%)], cough [37 (60.7%)], fatigue [33 (54.1%)],
dyspnea [21 (34.4%)] and myalgia [15 (24.6%)].
The less common symptoms were dizziness, hea-
dache, and diarrhea (Table I).

Compared with the improvement/stabilization
group (n = 53), the progression group (n = 8) had
a higher proportion of patients with underlying
diseases (50% > 26.4%), patients who were more
likely to experience cough (100% > 54.7%, p =
0.018 < 0.05) and patients with higher respiratory
rate (median respiratory rate of 20 [IQR, 20-20]
and 22 [IQR, 20-30], p = 0.003 < 0.05) (Table I).

Comparison of Laboratory Results
Between the Two Groups

Significant differences were noted in labora-
tory results with respect to CK, lymphocytes, PT,
D-dimer, and creatinine (p = 0.007, 0.011, 0.015,
0.035, and 0.041, respectively) between the pro-
gression and improvement/stabilization group

Improvement/
Total stabilization Progression
(n = 61) (n=53) (n = 8) p-value

Age, median (IQR), y 53 (41-63) 52 (41-63) 61 (40-67) 0.494

sex
female 30 (49.2) 27 (49.1) 3(37.5) 0.742
male 31 (50.8) 26 (50.9) 5(62.5)

Comorbidities 18 (29.5) 14 (26.4) 4 (50.0) 0.343
Hypertension 12 (19.7) 10 (18.9) 2(25.0) 0.650
Cardiovascular disease 4 (6.6) 3(5.7) 1(12.5) 0.439
Diabetes mellitus 6(9.8) 509.4) 1(12.5) 1.000
Malignancy 1 (1.6) 1(1.9) 0 1.000
Chronic liver disease 1(1.6) 1(1.9) 0 1.000

Signs and symptoms
Fever 49 (80.3) 43 (81.1) 6 (75.0) 0.650
Headache 11 (18.0) 10 (18.9) 1(12.5) 1.000
Diarrhea 4 (6.6) 3(.7) 1(12.5) 0.439
Myalgia 15 (24.6) 15 (28.3) 0 0.182
Cough 37 (60.7) 29 (54.7) 8 (100) 0.018
Fatigue 33 (54.1) 28 (52.8) 5(62.5) 0.715
Dizziness 12 (19.7) 12 (22.6) 0 0.337
Dyspnea 21 (34.4) 17 (32.1) 4 (40) 0.429

Heart rate, median (IQR), bpm 85 (78-94) 85 (78-93) 88 (78-100) 0.448

Respiratory rate, median (IQR) 20 (20-21) 20 (20-20) 22 (20-30) 0.003

Mean arterial pressure, median (IQR), mmHg 93 (87-103) 95 (87-104) 88 (82-100) 0.203

Abbreviations: bpm, beats per minute; IQR, interquartile range. p<0.05 was considered statistically significant.

12492




Disease progression in COVID-19 patients

patients upon admission. The levels of CK, PT,
and creatinine were higher, whereas the levels of
lymphocytes and D-dimer were lower in the pro-
gression group compared to the improvement/sta-
bilization group (Table II). In addition, compari-
son of NLR, LMR, PLR, MPVLR, CAR, WMR,
and other peripheral blood correlation parameter
ratios between the two groups showed that signi-
ficant differences were found in the following
four indicators: WMR, LMR, PLR, and MPVLR
(p = 0.033, 0.031, 0.047, and 0.008, respectively).
WMR and LMR were lower, and PLR and MP-

Table Il. Laboratory Findings of COVID-19 patients.

VLR were higher in the progression group com-
pared with the improvement/stabilization group
(Table 11).

Results of a Logistic Regression Analysis
of Risk Factors for Disease Progression
in COVID-19 Patients

The results of a univariate logistic analysis
showed that PLR (OR, 1.009; 95% CI: 1.002-
1.015; p = 0.011), lymphocytes (OR, 0.109; 95%
CI: 0.017-0.701; p = 0.020), MPVLR (OR, 1.123;
95% CI: 1.007-1.251; p = 0.037), CK (OR, 1.010;

Improvement/
Normal stabilization Progression
range Total (n = 61) (n =53) (n=8) p-value

White blood count, x10°/L 4-10 5.40 (4.05-6.90) 5.42 (4.28-7.02) 3.81 (3.65-5.44) 0.065
Neutrophil count, x10°%/L 1.8-6.3 3.39 (2.52-4.62) 3.45(2.57-4.92) 3.06 (2.24-4.09) 0.290
Monocyte count, x10%/L 0.1-0.6 0.39 (0.28-0.52) 0.40 (0.29-0.53) 0.30(0.20-0.43) 0.114
Lymphocyte, x10%/L 1.1-3.2 1.28 (0.84-1.60) 1.32 (0.95-1.73) 0.715 (0.39-1.22) 0.011
Red blood cell distribution

width,% 11-16 12.60 (12.20-14.15) 12.60 (12.20-14.15) 12.90 (12.43-14.00) 0.386
Platelet count, x10%/L 125-350  206.00 (157.50-251.50) 212.00 (163.00-252.00) 174.00 (135.50-239.00)  0.207
Mean platelet volume, fl 9-13 10.10 (9.05-10.95) 10.10 (9.00-10.95) 10.10 (9.70-11.60) 0.494
Prothrombin time, s 10.5-13.5  11.50 (10.60-12.30) 11.40 (10.60-12.30) 12.01 (12.03-15.55) 0.015
D-dimer, ng/mL 0-1.5 0.42 (0.15-12.30) 0.48 (0.19-0.96) 0.145 (0.043-0.44) 0.035
Total Protein, g/L 65-85 66.93 (62.61-71.71) 67.47 (62.61.71.77) 64.955 (62.89-69.63) 0.579
Albumin, g/L 40-55 37.80 (34.40-40.68)  37.80 (34.27-40.68) 38.675 (34.82-42.74) 0.572
Alanine aminotransferase, U/L 7-40 19.25 (11.00-28.95) 19.25 (11.09-28.58) 22.11 (6.75-32.45) 0.939
Aspartate aminotransferase,
U/L 15-40 27.43 (19.67-34.69) 27.00 (18.58-35.57) 28.93 (22.19-35.68) 0.718
Alkaline phosphatase ,U/L ~ 50-135 59.34 (48.98-72.93) 62.03 (49.09-78.51) 55 (48.51-59.34) 0.162
Total bilirubin, mmol/L 0-21 11.10 (7.78-13.31) 11.10 (7.73-13.40) 11.11 (8.50-13.29) 0.831
Blood urea nitrogen, mmol/L  3.1-8 3.86 (2.90-5.10) 3.74 (2.80-4.77) 5.345 (3.92-6.27) 0.050
Creatinine, pmol/L 57-97 63.63 (50.80-77.80) 62.60 (48.71-75.02) 75.98 (60.05-105.33) 0.041
Blood uric acid, pmol/L 89-357 269.00 (203.27-325.95) 269.00 (203.27-311.00)  270.77 (186.80-382.09)  0.825
Cystatin C, mg/L 0.51-1.09  1.00 (0.83-1.15) 0.96 (0.81-1.14) 1.04 (1.00-1.29) 0.198
Creatine kinase, U/L 24-195 56.75 (36.27-93.93) 50.38 (35.46-78.55) 127.70 (64.66-207.07)  0.007
Creatine kinase isoenzymes,
U/L 0-24 9.90 (7.00-13.25) 9.90 (7.00-13.25) 9.52 (6.00-15.91) 0.854
Lactate dehydrogenase, U/L ~ 120-250  200.00 (167.00-307.30) 188.00 (165.51-291.37)  246.87 (170.97-370.82)  0.172
C reactive protein, mg/L 0-5 15.56 (0.90-49.22) 7.22 (0.80-48.04) 27.18 (11.46-73.30) 0.057
Procalcitonin, ug/L 0-0.5 0.08 (0.05-0.23) 0.07 (0.05-0.20) 0.11 (0.07-0.26) 0.453
Neutrophil-to-lymphocyte
ratio, NLR NA 2.88 (1.94-5.05) 2.63 (1.89-4.55) 4.82(2.70-8.26) 0.080
Lymphocyte-to-monocyte
ratio, LMR NA 3.20 (2.25-4.24) 3.47 (2.51-4.40) 2.46 (1.84-2.91) 0.031
Platelet-to-lymphocyte ratio,
PLR NA 170.07 (130.18-225.03) 168.52 (124.00-203.81)  302.92 (156.21-425.08)  0.047
Mean platelet volume to
lymphocyte ratio, MPVLR NA 7.65 (5.98-13.30) 7.46 (5.76-11.62) 16.41 (8.25-26.13) 0.008
C-reactive protein to
albumin ratio, CAR NA 0.48 (0.03-1.29) 0.43 (0.02-1.29) 0.70 (0.28-2.12) 0.115
White Blood count to
mean platelet volume ratio, MRNA 0.57 (0.40-0.74) 0.60 (0.44-0.74) 0.40 (0.24-0.54) 0.033

Abbreviations: IQR, interquartile range; NA, not available. p-values indicate differences between Improvement/stabilization
and Progression patients. p<0 .05 was considered statistically significant.
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Table 1. Logistic analysis results of risk factors for disease progression.

Univariate analysis Multivariate analysis

Variables OR 95%ClI P OR 95%ClI P
White blood count, x10°/L 0.701 0.434-1.132  0.146

Neutrophil count, x10%/L 0.841 0.534-1.325  0.456

Monocyte count, x10°/L 0.013 0.000-3.488  0.129

Lymphocyte, x10°/L 0.109  0.017-0.701  0.020

Red blood cell distribution width,% 1.014 0.597-1.722  0.959

Platelet count, x10%/L 0.993  0.980-1.005  0.246

Mean platelet volume, fl 1.146 0.589-2.231  0.688

Prothrombin time, s 0.997 0.927-1.072  0.930

D-dimer, ng/mL 0.101 0.005-1.904  0.126

Total Protein, g/L 0973  0.870-1.088  0.630

Albumin ,g/L 1.062  0.928-1.215  0.385

Alanine aminotransferase ,U/L 1.002 0.985-1.020  0.799

Aspartate aminotransferase ,U/L 0.994 0.930-1.064  0.873

Alkaline phosphatase ,U/L 0.961 0.902-1.025  0.224

Total bilirubin, mmol/L 0.966 0.831-1.123 0.653

Blood urea nitrogen, ,mmol/L 1.163 0.840-1.612  0.363

Creatinine, pmol/L 1.035  0.995-1.077  0.090

Blood uric acid, pmol/L 1.163 0.840-1.612  0.363

Cystatin C, mg/L 2,652 0.215-32.769  0.447

Creatine kinase, U/L 1.010 1.001-1.02 0.038 1.011 0.998-1.024 0.090
Creatine kinase isoenzymes, U/L 0983  0.871-1.109  0.779

Lactate dehydrogenase, U/L 1.003  0.997-1.010  0.292

C reactive protein, mg/L 1.011 0.993-1.029  0.241 1.054 0.982-1.132 0.147
Procalcitonin, pg/L 0.591 0.005-64.872 0.826

Neutrophil-to-lymphocyte ratio, NLR 1.017 0.930-1.111  0.718

Lymphocyte-to-monocyte ratio, LMR 0.515  0.254-1.046  0.066

Platelet-to-lymphocyte ratio, PLR 1.009  1.002-1.015  0.011 1.013 1.001-1.024 0.033
Mean platelet volume to lymphocyte ratio, MPVLR 1.123 1.007-1.251  0.037

C-reactive protein to albumin ratio, CAR 1.491 0.722-3.078  0.280

White Blood count to mean platelet volume ratio, WMR  0.020  0.000-1.196  0.061 0.064 0.003-1.516 0.089

Abbreviations: OR, Odds Ratio; CI, Confidence interval.

95% CI: 1.001-1.02; p = 0.038), WMR (OR, 0.020;
95% CI: 0.000-1.196; p = 0.061), LMR (OR, 0.515;
95% CI: 0.254-1.046; p = 0.066) and creatinine
(OR, 1.035; 95% CI: 0.995-1.077; p = 0.090) were
significantly correlated with disease progression.

A p-value of <0.1 was used as the screening con-
dition, and the correlated indicators were excluded.
The indicators of the univariate logistic regression
analysis, namely, PLR, CK, WMR, and creatini-
ne, were subjected to the multivariate logistic re-
gression analysis. The univariate logistic analysis
resulted in the lowest p-value for PLR; thus, it was
included, whereas lymphocytes, MPVLR, and
LMR correlated with PLR, so they were exclu-
ded. The regression equation of the probability
of patients in the progression group was obtained
by using the enter method: probability =—8.731 +
0.011 x CK + 0.053 % creatinine + 0.013 x PLR -
2.742 x WMR. The results also suggested that PLR

(OR, 1.103; 95% CI: 1.001-1.024; p = 0.033) was an
independent risk factor for disease progression in
COVID-19 patients (Table III).

The above logistic regression analysis showed
that CK, creatinine, PLR, and WMR were im-
portant risk factors for disease progression, and
ROC analysis was used to compare the effecti-
veness. The larger the PLR, CK, and creatinine
values, the more likely was the disease to wor-
sen. WMR was contrary to these three; therefo-
re, the reciprocal of WMR was included in the
ROC analysis. As shown in Figure 1 and Table ['V,
CK (AUC = 0.821, p = 0.007; Sensitivity, 100%;
Specificity, 59.0%) was the best predictor of dise-
ase progression. The logistic regression analysis
equation, which included CK, creatinine, PLR,
and WMR, was better than the four factors alone
in predicting disease progression (AUC = 0.934,
p <0.001; sensitivity, 85.7%; specificity, 89.7%).



Disease progression in COVID-19 patients

CK

—Cr

sensitivity

oo 02 04 06 0g 10

1 - specificity

==ELR

Figure 1. ROC analysis results of risk factors
for Disease progression.

— the reciprocal of WMR
logistic regression
equation
line of reference

Table IV. ROC analysis results of risk factors for Disease progression.

AUC 95%CI p-value Cut-off Value Sensitivity Specificity
CK 0.821 0.679-0.962 0.007 56.745 100% 59.0%
PLR 0.755 0.524-0.985 0.034 241.910 71.4% 84.6%
Cr 0.740 0.528-0.952 0.045 85.325 57.1% 94.9%
The reciprocal of WMR 0.729 0.500-0.958 0.056 2.198 71.4% 71.8%
logistic regression equation 0.934 0.852-1.000 <0.001 0.218 85.7% 89.7%

Abbreviations: CK, Creatine kinase; Cr, Creatinine; PLR, Platelet-to-lymphocyte ratio, WMR, White Blood count to mean
platelet volume ratio; AUC, Area Under Curve; CI, Confidence interval.

Dynamic Characteristics of Laboratory
Results of COVID-19 patients

In order to identify the main clinical characte-
ristics of COVID-19 patients during disease pro-
gression, the test results from every seven days
were conserved to make a group. From day 1 to
day 21 after admission, the data collected were
divided into five groups: the day 1 test group, the
days 2-7 test group (the first week), the days 8-14
test group (the second week), the days 15-21 test
group (the third week), and the days 22-28 test
group (the fourth week). The dynamic changes of
clinical laboratory indicators, including hemato-
logical and biochemical indicators, were tracked,
and the median test results of the sixty-one pa-
tients were analyzed (Figure 2). During hospitali-
zation, it was observed that there were significant
differences in the variation trends of white blood
cell count, neutrophil count, and WMR between
the two groups, which gradually increased in the
progression group, but gradually decreased in the
improvement/stabilization group.

Discussion

Coronavirus disease 2019 (COVID-19) is a vi-
ral infection caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). In some
patients, the disease progresses rapidly causing a
high risk of death. Understanding the risk factors
for disease progression can help us in taking ne-
cessary measures in a timely manner so that the
rapid progression of the disease can be prevented,
prognosis can be improved, and mortality can be
reduced.

A total of sixty-one inpatients with confir-
med COVID-19 [eight in the progression group
and fifty-three in the improvement/stabilization
group; thirty-one male (50.8%) and thirty female
(49.2%)], with a median age of 53 years (IQR, 41-
63 years; range, 30-85 years) were enrolled in the
study. Of the sixty-one patients, eighteen (29.5%)
had one or more underlying diseases, among whi-
ch hypertension [12 (19.7%)], diabetes [6 (9.8%)],
and cardiovascular disease [4 (6.6%)] were the
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Figure 2. Dynamic Profile of Laboratory Parameters in 61 Patients with Corona Virus Disease 2019 (COVID-19). Timeline
charts illustrate the laboratory parameters in 61 patients with COVID-19. 1-5 indicate the results in the first examination, the
results in the first week, the results in the second week, the results in the third week, and the results in the fourth week. The
solid lines in black show the normal upper limit of white blood count and Neutrophil count. *p<0.05 for progression group vs.
improvement/stabilization group.

most common. Some studies have observed that underlying diseases are more prone to develop
COVID-19 is more common in males than fema- acute respiratory distress syndrome (ARDS)®. It
les’, and elderly males (> 60 years of age) with has also been reported that patients admitted to
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ICU are older and have more complications than
those not admitted to ICU, which indicates that
advanced age and the presence of comorbidities
might be risk factors for adverse outcomes, whi-
ch in turn may be associated with gender. There
were no statistically significant differences in age
(p = 0.494), gender (p = 0.742), or underlying di-
seases (p = 0.343) between the two groups. The
influence of these factors on disease progression
and prognosis requires more elaborate observa-
tion and verification.

Our results revealed that the most common
symptoms of inpatients with COVID-19 were
fever [49 (80.3%)], cough [37 (60.7%)], asthenia
[33 (54.1%)], dyspnea [21 (34.4%)], and myalgia
[15 (24.6%)], whereas the less common symptoms
were dizziness, headache, and diarrhea. Xu et al’
studied sixty-two patients diagnosed with CO-
VID-19, and found that the most common symp-
toms were fever in 48 cases (77%), cough in 50
cases (81%), cough in 35 cases (56%), headache
in 21 cases (34%), myalgia or fatigue in 32 cases
(52%), diarrhea in 3 cases (8%) and hemoptysis in
2 cases (3%), which was similar to our findings.
We also found that compared with patients in the
improvement/stabilization group, patients in the
progression group were more likely to experience
cough and higher respiratory rate. It has also been
reported that the symptoms dyspnea, abdominal
pain, and anorexia were more common in severe
type patients than in non-ICU patients. It is pos-
sible that the onset of symptoms may be a helpful
indicator for the identification of patients with
poor prognosis'®.

In this study, the laboratory examination
showed an increase in CK, PT, and creatinine,
whereas a decrease in lymphocytes and D-dimer
in the progression group compared with the im-
provement/stabilization group. A decrease in lym-
phocytes was the common characteristic found in
COVID-19 patients, and it was speculated that
SARS-CoV-2 might mainly affect lymphocytes,
especially T lymphocytes. Virus particles spread
through the respiratory mucosa and infect other
cells, inducing cytokine storms in vivo, producing
a series of immune responses and causing chan-
ges in peripheral leukocytes and immune cells
(such as lymphocytes). Some patients rapidly
developed ARDS and septic shock, resulting in
multiple organ dysfunction and failure. As a re-
sult, patients in the progression group had lower
lymphocytes and higher levels of CK, PT, and
creatinine. Thus, early detection and timely tre-
atment of critical cases are of crucial importance.

D-dimer tends to increase in severe case-patients
compared with ordinary patients*!*!". This study
suggested that D-dimer decreased in the progres-
sion group, which may not be reflected in the sta-
tistical analyses due to small sample size or low
levels of D-dimer, and might be a risk factor for
disease progression. However, this needs further
observation and verification.

As new inflammatory markers, the ratios of
peripheral blood-related parameters have predi-
ctive value for the prognosis of multiple diseases
in multiple systems**. We compared NLR, LMR,
PLR, MPVLR, CAR, and WMR between the two
groups, and identified the following significant
differences: while WMR and LMR were decrea-
sed, PLR and MPVLR were increased in the pro-
gressive group compared with the improvement/
stabilization group. Among these markers, NLR
and PLR have been reported to be correlated with
the severity of COVID-19'>", whereas the ra-
tios of other parameters were not reported in the
analysis of COVID-19 patients.

In this research, a univariate logistic regression
analysis showed that lymphocytes, CK, creati-
nine, PLR, MPVLR, WMR, and LMR were si-
gnificantly correlated with disease progression.
Previous studies have shown that SARS-CoV-2
infection may be related to cellular immuno-
deficiency, coagulation activation, myocardial
injury, liver injury, and renal injury'. Our results
suggested that early cellular immunodeficiency,
myocardial injury, renal injury, and abnormal
coagulation might be the risk factors for disea-
se progression. Multivariate logistic regression
analysis showed that PLR was an independent
correlation factor in severe COVID-19 patients,
which is consistent with the finding in a previous
study on COVID-19 patients'. Further, an ROC
analysis showed that when PLR > 241.910, the
risk of disease progression was high, and the pro-
gnosis was poor.

PLR could play an important role as a new in-
flammatory diagnostic marker in disease progres-
sion and prognosis of various inflammatory dise-
ases (such as tumors of various systems, COPD,
pulmonary embolism, and pneumonia)'*'¢. Mel-
sen et al'” have shown that at the acute exacer-
bated stage of pneumonia, PLR increases with
an aggravation of inflammation but the detailed
mechanism is unknown. Platelets (PLT) have an
essential role in the inflammatory response. They
increase with the release of inflammatory cytoki-
nes, are rapidly activated in response to pro-in-
flammatory cytokines or infection factors, and
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mediate the release of cytokines and chemokines
through interactions with other leukocytes in the
circulation to promote inflammation'®. In addition,
platelets are the main participants in thrombosis.
Due to the patient’s hypoxia state, the production
of immature PLT may increase. Immature PLTs
are more likely to aggregate, further aggravating
the hypercoagulable and hyperviscosity state of
patients. Under the common effect of inflamma-
tory mediators, pulmonary microthrombus, and
ischemic heart disease are likely to occur, thus
endangering the patient’s life'”. Previous studies,
as well as the present study, have consistently
shown that most COVID-19 patients have decrea-
sed lymphocytes, which is related to the severity
and prognosis of the disease'®. This may be be-
cause SARS-CoV-2 mainly acts on lymphocytes,
especially T lymphocytes. On the other hand, the
platelet count is a marker of inflammation. PLR is
the ratio of platelets to lymphocytes, which is use-
ful not only in reflecting the activation of inflam-
matory pathways but also indicating coagulation
and immune abnormalities. Therefore, compared
with platelet or lymphocyte count alone, PLR is
more predictive.

Based on the logistic regression analysis, ROC
analysis with CK, creatinine, PLR, and MPVLR
suggested that CK had the greatest impact on di-
sease progression. The logistic regression equa-
tion, which included CK, creatinine, PLR, and
MPVLR, was more accurate than the four mar-
kers alone in predicting disease progression. As
mentioned earlier, the disease progression of CO-
VID-19 may be caused by multiple factors, such
as cellular immunodeficiency, coagulation abnor-
mality, myocardial injury, and renal injury.

In addition, by tracking the dynamic changes of
clinical laboratory indicators among the sixty-one
patients, we found significant differences in the
variation trends of white blood cell count, neu-
trophil count, and WMR between the two groups
during hospitalization, which gradually increased
in the progression group, but gradually decreased
in the improvement/stabilization group. The in-
crease in leukocyte and neutrophil count may be
attributed to the cytokine storm caused by virus
invasion; this inflammatory activation may lead
to poor prognosis. The increase in WMR may be
due to the fact that platelets with smaller volumes
have higher sensitivity than platelets with normal
and bigger volume and are more likely to be acti-
vated, leading to a higher risk of microthrombus.

The present study has a few limitations. Firstly,
only sixty-one patients were enrolled, and such a
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small sample size may lead to the deviation of re-
search results. Secondly, the patients were solely
from the Dawu County Hospital of Traditional
Chinese Medicine in Xiaogan city, Hubei provin-
ce, China. Due to the lack of medical resources
in the early stages, the number of patients with
progressive disease may be higher than expected.
Thirdly, this was a retrospective study, so some
parameters were missing, which may also affect
the final observations.

Conclusions

These results indicated that the risk factors for
disease progression were PLR, lymphocytes, MP-
VLR, CK, WMR, LMR, and creatinine, among
which, PLR was an independent risk factor for di-
sease progression in COVID-19 patients. Current-
ly, there is neither a known effective drug for tre-
atment nor a vaccine available against COVID-19.
Thus, it is necessary to strengthen the monitoring
of the disease and prevent disease progression in
order to reduce the rate of mortality.
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