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 Background: The aim of this study was to analyze the clinical features and laboratory indices of patients with coronavirus 
disease (COVID-19) and explore their association with the severity of the disease.

 Material/Methods: A total of 61 patients with COVID-19 were divided into groups with common symptoms and with severe dis-
eases, and clinical data were collected to analyze and compare the differences between them.

 Results: In patients with severe COVID-19, compared with the common group, lymphocyte count and albumin levels 
were lower, and aspartate aminotransferase (AST), blood urea, blood creatinine, lactate dehydrogenase (LDH), 
and C-reactive protein (CRP) levels, and prothrombin time (PT) were elevated (all P<0.05). The neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), mean platelet volume-to-lymphocyte ratio (MPVLR), 
and C-reactive protein-to-albumin ratio (CAR) were significantly elevated in the severe group compared with 
the group with common symptoms; however, the lymphocyte-to-monocyte ratio (LMR) was significantly re-
duced (P<0.05). Univariate logistic regression showed that lower lymphocyte count, prolonged PT, elevated 
CRP and LDH levels, and elevated NLR, PLR, MPVLR, and CAR were risk factors for COVID-19 severity (P<0.05). 
Multivariate logistic regression showed that elevated CRP levels (odds ratio [OR], 0.028; 95% confidence in-
terval [CI]: 0.002–0.526; P=0.017), prolonged PT (OR, 0.014; 95% CI: 0.001–0.341; P=0.09), and an MPVLR >8.9 
(OR, 0.026; 95% CI: 0.002–0.349; P=0.006) were independent risk factors for COVID-19 severity.

 Conclusions: Elevated CRP and prolonged PT, and an MPVLR >8.9 were independent risk factors for COVID-19 severity.
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Background

Coronavirus disease 2019 (COVID-19) is an infectious disease 
caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). It primarily presents with respiratory symptoms 
caused by inflammatory lesions of the lungs and can result in 
damage to the digestive, nervous, and cardiovascular systems. 
Because the disease progresses rapidly, it can lead to multi-
ple organ failure and even death [1]. Currently, the COVID-19 
pandemic is a global health threat, and the infection rate out-
side China has increased rapidly. To date, more than 5 million 
cases of COVID-19 have been diagnosed globally, with a high 
mortality rate. Previous studies have shown that early identi-
fication and treatment of patients with severe COVID-19 can 
have a positive impact on blocking the progression and improv-
ing the outcome of the disease. Therefore, determining dis-
ease severity at an early stage is crucial for better outcomes. 
In this study, to guide early detection, diagnosis, and treat-
ment of severe cases, we retrospectively analyzed the gen-
eral condition of, clinical symptoms and signs in, and blood 
test results from 61 patients with newly diagnosed COVID-19 
who were admitted to the isolation ward of Dawu Hospital of 
Traditional Chinese Medicine in Xiaogan City, Hubei Province.

Material	and	Methods

Subjects

This was a retrospective study. Sixty-one patients with con-
firmed COVID-19 who were admitted to the isolation ward of 
the Dawu Hospital of Traditional Chinese Medicine in Xiaogan 
City, Hubei Province, from January 23 to March 11, 2020, were 
enrolled. The diagnoses were made based on positive results 
for COVID-19 nucleic acids on real-time fluorescence reverse 
transcription-polymerase chain reaction (RT-PCR), as described 
in the Diagnosis and Treatment Protocol for Novel Coronavirus 
Pneumonia (Trial Version 7) [2].

The study was performed with the approval of the Chongqing 
University Center Hospital Ethics Committee (Ethics No. 17, 
2020). Verbal consent was provided by all patients, but the 
requirement for written informed consent was waived, given 
the state of an emerging infectious disease.

Definitions

The patients were divided into 2 groups: a group that included 
37 cases that were mild and associated with common symp-
toms, and another that included 24 cases that were severe and 
critical. The classification criteria were based on the Diagnosis 
and Treatment Protocol for Novel Coronavirus Pneumonia (Trial 
Version 7) released by the General Office of the National Health 

Commission of China [2]. The specific clinical types included 
were: 1. Mild (mild clinical symptoms with no sign of pneumonia 
on imaging); 2. Common (fever, respiratory tract infection, and 
imaging indicative of pneumonia); 3. Severe (respiratory distress 
and respiratory rate (RR) ³30 breaths/min or oxygen saturation 
£93% at rest, or partial pressure of oxygen [PaO2]/fraction of 
inspired oxygen [FiO2] £300 mmHg [1 mmHg=0.133 kPa]); and 
4. Critical (respiratory failure and a requirement for mechanical 
ventilation or shock or concomitant failure of other organs and 
requirement for intensive care unit monitoring and treatment).

Research	methods

Age, sex, comorbidities, clinical symptoms, vital signs, and 
laboratory indices, such as results of routine blood tests, liver 
and kidney function, coagulogram, myocardial enzymes, blood 
lipids, C-reactive protein (CRP), procalcitonin (PCT), and oth-
er markers that might reflect disease conditions were retro-
spectively analyzed in the 2 groups. Studies have suggested 
that the neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-
monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR), mean 
platelet volume-to-lymphocyte ratio (MPVLR), C-reactive pro-
tein-to-albumin ratio (CAR), and other peripheral blood cell in-
flammatory markers could serve as indices for evaluating the 
severity of multisystem diseases, including infectious diseas-
es) [3–6]. Therefore, we calculated these ratios and compared 
differences in them between the 2 groups.

Statistical analysis

Categorical variables were described as frequency rates and 
percentages, and continuous variables were described using 
mean, median, and interquartile range (IQR) values. Means for 
continuous variables were compared using independent group 
t tests when the data were normally distributed; otherwise, 
the Mann-Whitney test was used. Proportions for categorical 
variables were compared using the c2 test, although Fisher’s 
exact test was used when the data were limited. Univariate 
and multivariate logistic regression were adopted to identify 
risk factors for disease progression. All variables from the uni-
variate analysis with P<0.05 were subjected to forward-step-
wise multivariate logistic regression. All statistical analyses 
were performed using SPSS version 26.0 software. For unad-
justed comparisons, 2-sided a<0.05 was considered statisti-
cally significant.

Results

General characteristics and clinical presentations

Among the 61 patients, 37 were in the common group (mild 
and common disease severity), and 24 were in the severe 
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group (severe and critical disease severity). The median age 
of all the patients was 53 years (IQR 35.0–62.0), and was 
not significantly different between the common and severe 
groups (ages 51 and 54 years, respectively). Of the 61 pa-
tients, 30 were female (49.2%), and 31 were male (50.8%). 
There were 21 females (56.8%) and 16 males (43.2%) in the 
common group and 9 females (37.5%) and 15 males (62.5%) 
in the severe group (P>0.05). There were 18 patients (29.5%) 
with various comorbidities, including 12 with hypertension 
(19.7%), 6 with diabetes (9.8%), 4 with cardiovascular disease 
(6.6%), 1 with a malignant tumor (1.6%), and 1 with chron-
ic liver disease (1.6%). The difference between the 2 groups 
in the proportion of each disease was not statistically signifi-
cant (P>0.05). The common symptoms in the enrolled patients 
were fever (49 cases, 80.3%) and cough (37 cases, 60.7%), fol-
lowed by fatigue (33 cases, 54.1%), dyspnea (21 cases, 34.4%), 
and myalgia (15 cases, 24.6%); some patients were admitted 

to the hospital with dizziness, headache, diarrhea, and other 
symptoms. The proportion of patients admitted to the hospi-
tal due to dyspnea in the severe group (14 cases, 58.3%) was 
significantly higher than that in the common group (7 cases, 
18.9%). The difference between the 2 groups was significant 
(P=0.002). There were no significant differences in heart rate 
or mean arterial pressure between the 2 groups at admission, 
but the respiratory rate was significantly higher in the severe 
group than in the common group (21 [IQR 20–29] vs. 20 [IQR 
20–20], P=0.004) (Table 1).

Comparison	of	laboratory	indices	between	the	2	groups

There were more differences in the laboratory findings of pa-
tients at admission between the severe and common groups. In 
the severe group, compared with the common group, lympho-
cyte count and albumin levels were lower; however, aspartate 

 Total	(N=61) Common	group	(N=37) Severe	group	(N=24) P	value

Age, median(IQR%), y  53 (40–62)  51 (40–62)  54 (47–66) 0.315

Sex

 Female  30 (49.2%)  21 (56.8%)  9 (37.5%)
0.142

 Male  31 (50.8%)  16 (43.2%)  15 (62.5%)

Comorbidities  18 (29.5%)  8 (21.6%)  10 (41.7%) 0.094

Hypertension  12 (19.7%)  5 (13.5%)  7 (29.2%) 0.133

Diabetes  6 (9.8%)  3 (8.1%)  3 (12.5%) 0.902

Cardiovascular disease  4 (6.6%)  2 (5.4%)  2 (8.3%) 1

Malignancy  1 (1.6%)  1 (2.7%)  0 0.315

Chronic liver disease  1 (1.6%)  1 (2.7%)  0 0.315

Signs and symptoms

 Fever  49 (80.3%)  30 (81.1%)  19 (79.2%) 0.854

 Cough  37 (60.7%)  20 (54.1%)  17 (70.8%) 0.19

 Fatigue  33 (54.1%)  19 (54.1%)  14 (58.3%) 0.593

 Dyspnea  21 (34.4%)  7 (18.9%)  14 (58.3%) 0.002

 Myalgia  15 (24.6%)  10 (27.0%)  5 (20.8%) 0.583

 Dizziness  12 (19.7%)  7 (18.9%)  5 (20.8%) 1

 Headache  11 (18.0%)  8 (21.6%)  3 (12.5%) 0.572

 Diarrhea  4 (6.6%)  2 (5.4%)  2 (8.3%) 1

Heart rate, median (IQR%), bpm  85 (78–94)  85 (75–90)  89 (79–101) 0.169

Respiratory rate, median (IQR%)  20 (20–21)  20 (20–20)  21 (20–29) <0.001

Mean arterial pressure, median 
(IQR%), mmHg

 93 (87–103)  91 (85–103)  99 (92–109) 0.024

Table 1. Demographic data and clinical presentations of patients with COVID-19.
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aminotransferase (AST), blood urea, and blood creatinine lev-
els were elevated, and PT was prolonged (P<0.05). The inci-
dence of decreased lymphocyte count, elevated blood urea ni-
trogen blood creatinine levels, and prolonged PT was higher in 
the severe group than in the common group (P<0.05). There 
were no significant differences in white blood cell, neutrophil, 
or monocyte counts; red blood cell distribution width; platelet 
count; mean platelet volume; D-dimer; or creatine kinase iso-
enzyme between the 2 groups. In terms of inflammation indi-
cators, the proportion and degree of elevated lactate dehydro-
genase (LDH) and CRP in the severe group were greater than 
in the common group, and the differences were significant. 
However, there was no significant difference in procalcitonin 
between the 2 groups. Further, the differences in the ratios 
of peripheral blood cell inflammatory markers, such as NLR, 
LMR, PLR, MPVLR, and CAR, in the 2 groups also were assessed. 
Compared with the common group, in the severe group, the 
NLR, PLR, MPVLR, and CAR were significantly elevated; how-
ever, the LMR was significantly decreased (P<0.05) (Table 2).

Logistic regression of factors affecting COVID-19 severity

Based on clinical experience and previous research conclu-
sions, we conducted receiver operating characteristic analy-
sis of the above ratios and obtained the cut-off value, which 
was set as the limit. Measurement data for the ratios were 
converted into count data, which were then included in the 
logistic regression. Univariate logistic regression showed that 
decreased lymphocyte count (OR, 0.117; 95% confidence in-
terval [CI]: 0.036–0.380; P<0.001), elevated CRP (OR, 0.150; 
95% CI: 0.042–0.533; P=0.003) levels, elevated LDH (OR, 
0.185; 95% CI: 0.052–0.658; P=0.009), prolonged PT (OR, 
0.250; 95% CI: 0.079–0.791; P=0.018), NLR >4.4 (OR, 0.094; 
95% CI: 0.027–0.328; P<0.001), PLR >200.8 (OR, 0.112; 95% 
CI: 0.032–0.387; P=0.001), MPVLR >8.9 (OR, 0.08; 95% CI: 
0.023–0.276; P<0.53001), and CAR >0.0966 (OR, 0.438; 95% CI: 
0.043-0.438; P=0.001) were risk factors for COVID-19 severity 
(P<0.05). In the univariate analysis, the effect of factors can be 
affected by other factors and show statistical significance, but 
it may not be a result of the factor itself. In this case, multivar-
iate analysis may conclude that a factor is not statistically sig-
nificant. The statistically significant parameters in the univariate 
analysis (P<0.05) were all included in the multivariate logistic 
regression. The backward Wald method was used for parame-
ter selection. Four factors – LDH, NLR, PLR, and CAR – were ex-
cluded during the selection. The remaining factors – lympho-
cyte count CRP, PT, and MPVLR – were included into the final 
multivariate logistic regression model. The results suggested 
that elevated CRP (OR, 0.028; 95% CI: 0.002–0.526; P=0.017), 
prolonged PT (OR, 0.014; 95% CI: 0.001–0.341; P=0.09), and 
MPVLR >8.9 (OR, 0.026; 95% CI: 0.002-0.349; P=0.006) were 
independent risk factors for COVID-19 severity (Table 3).

Discussion

COVID-19 is rapidly progressive. A few patients have been 
observed to develop of acute respiratory distress syndrome 
(ARDS), shock, and severe coagulation dysfunction over a short 
period of time and then die due to systemic inflammatory re-
sponse syndrome (SIRS) [1]. Currently, there is no effective 
treatment for COVID-19. However, the mortality rate can be 
reduced by understanding the risk factors for disease severi-
ty and taking active and beneficial measures.

Among the 61 patients enrolled, the median age was 53 years 
(IQR 35.0–62.0). In individuals at this age, working and partic-
ipating in social activities such as parties can contribute to in-
creased risk of contracting COVID-19. Men are more frequent-
ly reported to be infected with it than women [7], and older 
men (>60 years) with comorbidities are more likely to develop 
ARDS [8]. There were no significant differences in age, sex, or 
comorbidities between the 2 groups in this study, possibly due 
to the small sample size. Further observation and research are 
required to determine how these factors affect disease severity.

The common symptoms seen in patients at the initial onset 
of COVID-19 infection are fever, cough, and fatigue, followed 
by dyspnea, myalgia, dizziness, headache, and diarrhea. Our 
findings were consistent with other studies [9,10]. Because 
the virus primarily invades the respiratory system, patients in 
the severe group were more prone to develop dyspnea and an 
increased respiratory rate. Therefore, respiratory indices are 
particularly important for evaluating the severity of COVID-19.

In this study, lymphocyte count and albumin levels were de-
creased; AST, blood urea, blood creatinine, LDH, and CRP lev-
els were elevated; and PT was prolonged in the severe group 
compared with the common group, which is consistent with the 
findings observed in patients with MERS-COV and SARS-COV 
infections [11], and most patients with COVID-19 [8–10]. The 
regression analysis showed that reduced lymphocyte counts, 
elevated CRP and LDH levels, and prolonged PT are related to 
the severity of the disease. Aggravated SARS-CoV-2 infection 
is associated with cellular immune deficiency, systemic inflam-
matory response, coagulation activation, liver and kidney injury, 
and myocardial injury. Some studies have shown that patients 
with severe COVID-19 have elevated D-dimer levels compared 
with individuals with common cases [1,10,12]. However, this 
difference was not observed in the present study, which may 
be related to its sample size.

Several studies have reported that the ratios of peripher-
al blood-related parameters, such as NLR, LMR, PLR, MPVLR, 
and CAR, which are new inflammatory indices, are beneficial 
in evaluating the severity of multisystem diseases, includ-
ing infectious diseases [3–6]. In this study, these ratios were 
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 Normal	range
Total 

(N=61)
Common	group 

(N=37)
Severe group 

(N=24)
P	value

White blood count,  ×109/L 4–10
5.4 

(4.05–6.9)
5.3 

(4.19–7.02)
5.4 1(3.68–6.77) 0.74

 <4
14 

(23.0%)
6 

(16.2%)
8 

(33.3%)
0.12

 ³4
47 

(77.0%)
31 

(83.8%)
16 

(66.7%)

Neutrophil count, ×109/L 1.8–6.3
3.39 

(2.52–4.62)
3.28 

(2.46–4.24)
4.07 

(2.75–5.54)
0.218

 <1.8
1 

(1.6%)
0

1 
(4.2%)

0.168

 ³1.8
60 

(98.4%)
37 

(100.0%)
23 

(95.8%)

Lymphocyte count, ×109/L 1.1–3.2
1.28 

(0.84–1.6)
1.41 

(1.19–1.78)
0.91 

(0.48–1.24)
<0.001

 <1.1
23 

(37.7%)
7 

(18.9%)
16 

(66.7%)
<0.001

 ³1.1
38 

(62.3%)
30 

(81.1%)
8 

(33.3%)

Monocyte count, ×109/L 0.1–0.6
0.39 

(0.28–0.52)
0.39 

(0.32–0.52)
0.38 

(0.2–0.52)
0.337

Red blood cell distribution 
width, %

11–16
12.6 

(12.2–14.15)
12.4 

(12.2–14.25)
12. 7(12.33–13.1) 0.848

Platelet count, ×109/L 125–350
206 

(157.5–251.5)
217 

(183.5–252)
163.5 

(133.25–248.25)
0.066

 <125
5 

(8.2%)
1 

(2.7%)
4 

(16.7%)
0.052

 ³125
56 

(91.8%)
36 

(97.3%)
20 

(83.3%)

Mean platelet volume, fl 9–13
10.1 

(9.05–10.95)
10.1(9–10.8) 10.4(9.65–11.18) 0.243

Albumin, g/L 40–55
37.8 

(34.4–40.68)
38.39(35.85–41.09) 35(33.55–40.17) 0.046

 <40
40 

(66.7%)
23 

(62.2%)
17 

(73.9%)
0.348

 ³40
20 

(33.3%)
14 

(37.8%)
6 

(26.1%)

Aspartate aminotransferase, 
U/L

15–40
27.43 

(19.67–34.69)
21.4(15.04–29.69) 31.57(25.69–40.06) 0.014

 >40
5 

(16.7%)
2 

(12.5%)
3 

(21.4%)
0.513

 £40
25 

(83.3%)
14 

(87.5%)
11 

(78.6%)

Urea, mmol/L 3.1–8
3.86 

(2.9–5.1)
3.33 

(2.64–4.06)
4.93 

(4–6.4)
<0.001

 >8
5 

(8.3%)
0

5 
(20.8%)

0.002

 £8
55 

(91.7%)
36 

(100.0%)
19 

(79.2%)

Table 2. Laboratory indices of patients with COVID-19.
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Table 2 continued. Laboratory indices of patients with COVID-19.

 Normal	range
Total 

(N=61)
Common	group 

(N=37)
Severe group 

(N=24)
P	value

Creatinine, μmol/L 57–97
63.63 

(50.8–77.8)
59.55 

(44.32–71.52)
71.5 

(56.6–83.68)
0.01

 >97
4 

(6.7%)
1 

(2.8%)
3 

(12.5%)
0.141

 £97
56 

(93.3%)
35 

(97.2%)
21 

(87.5%)

D-dimer, ng/mL 0–1.5
0.42 

(0.15–0.84)
0.44 

(0.18–0.84)
0.4 

(0.11–1.05)
0.527

Prothrombin time, s 10.5–13.5
11.5 

(10.6–12.3)
11.1 

(10.6–11.8)
12.1 

(11.05–15.7)
0.003

 >13.5
19 

(32.2%)
7 

(20.0%)
12 

(50.0%)
0.015

 £13.5
40 

(67.8%)
28 

(80.0%)
12 

(50.0%)

Creatine kinase isoenzymes, 
U/L

0–24
9.9 

(7–13.25)
9.25 

(6.53–11.89)
11.82 
(7–19)

0.079

Lactate dehydrogenase, U/L 120–250
195 

(166.75–303.15)
176.02 

(162.5–204.93)
253.94 

(196.5–352.12)
0.001

 >250 16(29.6%)
5 

(15.6%)
11 

(50.0%)
0.007

 £250
38 

(70.4%)
27 

(84.4%)
11 

(50.0%)

C-reactive protein, mg/L 0–5
15.56 

(0.9–49.22)
2.08 

(0.54–22.66)
40.9 

(9.7–70.58)
<0.001

 >5
34 

(57.6%)
15 

(41.7%)
19 

(82.6%)
0.002

 £5
25 

(42.4%)
21 

(58.3%)
4 

(17.4%)

Procalcitonin, μg/L 0–0.5
0.08 

(0.05–0.23)
0.07 

(0.05–0.18)
0.1 

(0.05–0.27)
0.557

 >0.5
6 

(11.3%)
2 

(6.3%)
4 

(19.0%)
0.155

 £0.5
47 

(88.7%)
30 

(93.7%)
17 

(81.0%)

Neutrophil-to-lymphocyte 
ratio, NLR

NA (not 
available)

2.88 
(1.94–5.05)

2.34 
(1.55–3.86)

4.72 
(2.89–6.81)

<0.001

Lymphocyte-to-monocyte 
ratio, LMR

NA
3.2 

(2.25–4.24)
3.6 

(2.89–4.45)
2.71 

(1.84–3.19)
0.004

Platelet-to-lymphocyte ratio, 
PLR

NA
170.07 

(130.18–225.03)
152.78 

(122.06–185.18)
213.49 

(151.08–356.13)
0.004

Mean platelet volume to 
lymphocyte ratio, MPVLR

NA
7.65 

(5.97–13.3)
7.03 

(5.7–7.98)
12.61 

(7.33–21)
<0.001

C-reactive protein to albumin 
ratio, CAR

NA
0.43 

(0.02–1.28)
0.06 

(0.01–0.6)
1.09 

(0.07–2.03)
0.001

e927674-6
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wang H. et al.: 
Disease progression in 61 patients with COVID-19

© Med Sci Monit, 2020; 26: e927674
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



significantly different between the 2 groups, and the regres-
sion analysis suggested that they are related to disease se-
verity. These ratios might be associated with increased im-
munosuppression and inflammation in severe cases. The NLR 
and PLR have been reported to be possibly related to the se-
verity of COVID-19 [13,14]. However, the ratios of the remain-
ing parameters have not been reported in the analysis of pa-
tients with COVID-19.

The multivariate logistic analysis showed that elevated CRP, 
prolonged PT, and MPVLR >8.9 were independent risk factors for 
COVID-19 severity. CRP, a nonspecific reactive protein produced 

by liver cells, participates in various inflammatory reactions in 
the body, activates the complement system, promotes phago-
cytosis, and regulates immunity. It is currently the clinical sen-
sitivity index most commonly used to reflect the degree of in-
fection. COVID-19 infection triggers a systemic inflammatory 
response. Several studies have reported that elevated CRP is 
associated with severe COVID-19 [8–10], which is consistent 
with the findings of the present study. PT is a test used to di-
agnose bleeding or clotting disorders in the exogenous coag-
ulation system. Previous studies have suggested that PT is 
prolonged in severe COVID-19 cases [10,13]. This study fur-
ther demonstrated that PT is an independent risk factor for 

Variables
Univariate analysis Multivariate	analysis

OR 95% CI P OR 95% CI P

Sex (Male vs. Female) 0.457 0.160–1.308 0.145

Age (<60 years vs. ³60 years) 1.25 0.426–3.664 0.684

Respiratory rate 
(>20 breaths/min vs. £20 breaths/min)

0.135 0.016–1.148 0.067

WBC (<4×109/L vs. ³4×109/L) 0.387 0.114–1.309 0.127

Neutrophil count 
(<1.8×109/L vs. ³1.8×109/L)

<0.001 –––––– 1

Lymphocytes (<1.1×109/L vs. ³1.1×109/L) 0.117 0.036–0.380 <0.001 0.094 0.009–1.032 0.053

Platelet count (<125×109/L vs. ³125×109/L) 0.139 0.015–1.329 0.087

Albumin (<40 g/L vs. ³40 g/L) 0.58 0.185–1.819 0.35

Aspartate aminotransferase 
(£40 U/L vs. >40 U/L)

0.524 0.074–3.703 0.517

Urea (£8 mmol/L vs. >8 mmol/L) <0.001 –––––– 0.999

Creatinine (£97 μmol/L vs. >97 μmol/L) 0.2 0.020–2.049 0.175

D-dimer (>1.5 ng/mL vs. £1.5 ng/mL) 0.49 0.117–2.056 0.33

Prothrombin time (>13.5 s vs. £13.5 s) 0.25 0.079–0.791 0.018 0.014 0.001–0.341 0.009

Creatine kinase isoenzymes 
(>24 U/L vs. £24 U/L)

0.202 0.020–2.077 0.179

Lactate dehydrogenas 
(³250 U/L vs. <250 U/L)

0.185 0.052–0.658 0.009

C-reactive protein (>5 mg/L vs. £5 mg/L) 0.15 0.042–0.533 0.003 0.028 0.002–0.526 0.017

Procalcitonin (>0.5 μg/L vs. £0.5 μg/L) 0.283 0.047–1.712 0.169

NLR (>4.4 vs. £4.4) 0.094 0.027–0.328 <0.001

LMR (<7.0 vs. ³7.0) 1.565 0.093–26.279 0.756

PLR (>200.8 vs. £200.8) 0.112 0.032–0.387 0.001

MPVLR (>8.9 vs. £8.9) 0.08 0.023–0.276 <0.001 0.026 0.002–0.349 0.006

CAR (>0.66 vs. £0.66) 0.138 0.043–0.438 0.001    

Table 3. Results of logistic analysis of risk factors for disease severity.
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COVID-19 severity. The etiology may be that hypoxia and tox-
ins in severe pneumonia inflict vascular endothelial damage 
on the body, promote the release of inflammatory mediators 
such as prostaglandin A2 and histamine, and cause platelet 
aggregation, arteriospasm, and microvascular thrombosis with 
excessive consumption of coagulation factors. Also, coagula-
tion can be considered another line of defense against serious 
infections, given its role in immune function [15]. Therefore, 
monitoring blood coagulation is important for judging the se-
verity of COVID-19.

Recently, MPVLR has emerged as a new inflammatory param-
eter. Several studies have shown that it has predictive value 
for the diagnosis and prognosis of cardiovascular and cere-
brovascular diseases, diabetes, kidney and liver disease, and 
appendicitis [16–20]. However, no relevant research has been 
conducted on the value of MPVLR for diagnosing and predict-
ing the severity of COVID-19 and other coronavirus infections. 
MPV can be used as a marker for the rate of platelet produc-
tion and activation in the bone marrow [21]. In patients with 
severe pneumonia, the microvessel endothelium is damaged 
by inflammatory mediators, hypoxia, pathogens, and toxins 
released during reproduction, and platelets are activated in 
a hypercoagulable state, resulting in a significant increase in 
platelet consumption and a compensatory increase in bone 
marrow platelet volume. As a result, MPV is significantly ele-
vated. Also, lymphocytes have been observed to decrease in 
patients with COVID-19, which is related to the severity of 
the disease. The reason may be that SARS-CoV-2 mainly acts 
on lymphocytes. The lymphocyte count of COVID-19 patients 
indicates the degree to which the coronavirus consumes im-
mune cells and suppresses the body’s cellular immune func-
tion. When the disease progresses, and immune suppression 
worsens, the proportion of lymphocytes decreases significant-
ly. Therefore, compared with the MPV or lymphocyte count 

alone, the MPVLR can reflect coagulation system abnormali-
ties and immune system suppression, as well as the interac-
tion between 2 different hemocyte cell lines. It can reflect sys-
temic inflammation and severity better than a single indicator. 
In this study, the MPVLR was confirmed to be superior to MPV 
or lymphocytes alone through multivariate logistic regression 
analysis, and it was an independent risk factor for COVID-19 
severity. An MPVLR >8.9 was considered to be a high risk for 
COVID-19 severity.

Conclusions

This study suggests that fever and cough are the main man-
ifestations of COVID-19 in patients at diagnosis, and atten-
tion should be paid to patients with symptoms of dyspnea. 
Moreover, patients with elevated CRP, prolonged PT, and ele-
vated MPVLR (>8.9) should be treated cautiously for prompt 
prevention of severe illnesses.

As a retrospective study, the data are true and reliable in this 
study. However, given the limitations of the small sample size 
and collection of data from a single center, the present re-
search results should be interpreted cautiously. Multicenter 
clinical studies with larger sample sizes are required to con-
firm the findings.
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