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COVID-19 has become a worldwide epidemic disease and is a public health crisis. We aim to provide evidence
for clinical diagnosis and assessment of severity by analyzing patients’ clinical data and early laboratory re-
sults and exploring the correlation between laboratory results and clinical classification.

We enrolled 283 cases of suspected and diagnosed COVID-19 from 16 hospitals in Jiangsu Province from January
to April 2020. The routine laboratory blood examinations, T lymphocyte subsets, and biochemical and coagu-
lation function among different populations were contrasted by ¢ test and chi-square (x? test.

Cough, fever, and dyspnea could be helpful to diagnose COVID-19 infection (P<0.05). Patients who were older
or had comorbidities tended to become severe and critical cases. Among all the patients, the most obvious ab-
normal laboratory results were higher neutrophil count, CRP, total bilirubin, BUN, CRE, APTT, PT, and D-dimer,
and lower blood platelet and lymphocyte count. CD3* T cell, CD4* T cell, and CD8* T cell counts gradually de-
creased with exacerbation of the disease (P<0.05).

Cough and fever were the most common symptom. Patients with comorbidities were in more serious condi-
tion. The detection of inflammatory indexes, coagulation function, lymphocyte subsets, and renal function can
help diagnose and assess the severity of COVID-19.
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Background

In December 2019, the outbreak of a novel fatal zoonotic
disease, Coronavirus Disease 2019 (COVID-19), appeared in
Wuhan, Hubei Province, China [1-3]. The disease spread all over
the world and rapidly caused a pandemic. As of 13 December
2020, 73 235 212 COVID-19 cases with 1 625 160 deaths have
been verified worldwide. COVID-19 can cause many kinds of
respiratory symptoms, including fever, cough, fatigue, dys-
pnea, and coma [4-8]. Some severe patients with COVID-19
develop multifunctional organ damage, including kidney [9],
liver [10], and acute cardiac damage [11]. Because COVID-19
can spread among people quickly, it has now become a huge
threat to the world and the latest reported mortality rate is
2.3% [12]. Because the symptoms of COVID patients are non-
specific, early detection is very important and can reduce mor-
tality. With the effective control by the government and other
sectors, the epidemic was quickly controlled in China. However,
there are still many new cases in the world every day, so it is
imperative and significant to show Chinese data and experi-
ence to help other countries.

We retrospectively analyzed the clinical data of laboratory-di-
agnosed COVID-19 cases at 16 hospitals in Jiangsu Province
from January to April 2020 in our study. Then, we aimed to
determine the role of laboratory indexes in diagnosis and the
relationship between laboratory indicators and disease sever-
ity to help diagnose COVID-19 infection early and evaluate the
severity of disease.

Material and Methods

Patients and Data Collection

This was a retrospective, multi-center study based on labora-
tory data from patients diagnosed with COVID-19. The data
for this retrospective observational study were obtained by
the Health Information Center of Jiangsu Provincial Health
Commission through a private health network. All the patients
with COVID-19 infection were admitted from 1 January 2020
to 30 April 2020 in 16 Jiangsu provincial hospitals.

All COVID-19 patients were defined according to the diag-
nostic and treatment guideline for SARS-CoV2 issued by the
National Health Commission of China (version 7) [13]. All con-
firmed COVID-19 patients were diagnosed by a positive result
for real-time polymerase chain reaction (RT-PCR) assay from a
throat swab. Nasopharyngeal swab specimens collected from
all cases were assessed by RT-PCR for diagnosis.

Diagnosis of 2019-nCoV pneumonia was based on presence
of any 1 of 3 epidemiology criteria and any 2 of 3 clinical
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manifestations. Epidemiological history criteria were: (1)14
days before the onset in the Wuhan area or other areas with
local cases of continuous transmission or travel history or res-
idence history; (2) previous contact with patients with fever
or respiratory symptoms from Wuhan or other areas with per-
sistent transmission of local cases within 14 days before on-
set; and (3) a cluster of disease or an epidemiological associ-
ation with 2019-nCoV infection. Clinical manifestations were:
(1) fever; (2) with the above imaging characteristics of pneu-
monia; and (3) total number of white blood cells was normal
or decreased in the early stage of disease, or the lymphocyte
count was reduced.

Confirmed COVID-19 patients had: (1) 2019-nCoV pneumonia
suspected case of pneumonia; (2) Real-time fluorescence RT-PCR
test results of nasopharyngeal swabs show 2019-nCoV nucleic
acid positive. Patients meeting the above 2 conditions can be di-
agnosed with 2019-nCoV pneumonia. Real-time fluorescence RT-
PCR test method was carried out in accredited laboratories and in
accordance with the plan set by the World Health Organization.

According to the guideline criteria, all the patients were di-
vided into 4 types: mild, moderate, severe, and critical illness.
Because there were fewer patients with severe and critical ill-
ness, we put them into a single category to facilitate analy-
sis. The control group consisted of suspected cases who had
a history of close contact, but had a negative result for re-
al-time fluorescence RT-PCR assay of nasopharyngeal swabs.

This study was approved by the Ethics Committees of the 16
hospitals, but written informed consent was not obtained be-
cause of the urgent conditions. Data on age, sex, time of ad-
mission, time of diagnosis, discharge time, basic diseases, first
symptoms, signs, and laboratory tests were collected for all cas-
es. Due to the obvious fluctuation of various indicators in the
course of disease, the respiratory specimens, the basic data,
and laboratory tests of all patients included in this study were
the results of the examination on the first day after admission.

Laboratory blood tests included hepatorenal function (al-
anine aminotransferase [ALT], aspartate aminotransferase
[AST], total bilirubin [TBil], LDH, urea nitrogen [BUN] and cre-
atinine [CRE]), coagulation function, myocardial enzyme, pro-
calcitonin (PCT), and blood routine examination (white blood
cell count [WBC], neutrophils [NEUT], lymphocyte [LYM], he-
moglobin [HGB], thrombocyte [PLT], C-reactive protein [CRP]).
An immunofluorescence dye quantitative detector was used
to detect procalcitonin.

Detection of Lymphocyte Subsets

A blood cytometer was used to count the total number of lym-
phocytes in the peripheral blood of patients when they were
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fasting. A DXFlex flow cytometer and CellQuest software (BD
Bioscience) were used to analyze the percentage of lympho-
cyte subsets of patients. The absolute number of different lym-
phocyte subsets was calculated by multiplying the total num-
ber of lymphocytes by the percentage of lymphocyte subsets.
Flow cytometry was used to determine the peripheral blood T
lymphocyte subsets of immune typing, using counts of CD3*
T cell, CD4* T cell, CD8* T cell, and CD4*/CD8*.

Statistical Analysis

Statistical analysis was performed using SPSS version 21 soft-
ware (IBM, Inc., Armonk, NY, USA). Measurement data conform-
ing to normal distribution were described as mean+standard
deviation, and the independent-sample t test or single-fac-
tor group design variance distribution difference were used.
Measurement data not conforming to normal distribution were
expressed as median (interquad interval), and analyzed by in-
dependent-sample nonparametric test method. The statisti-
cal data were expressed as the number of cases (percentage).
The y?2 test was used to compare the demographic character-
istics, clinical characteristics, and the distribution of labora-
tory test results between the 2 groups. One-way ANOVA was
used for comparison between 3 independent normal and ho-
mogeneous datasets. P<0.05 indicates that the difference is
statistically significant.

Results

Laboratory Risk Factors for COVID-19 Infection

The laboratory results of the COVID-19 patients and healthy
subjects on admission are presented in Table 1. The results
showed that COVID-19 patients had lower white cell count,
lymphocyte count, C-reactive protein, CK-MB, CD3* T cell,
CD4* T cell, CD8* T cell, and PT, but higher APTT and D-dimer
levels. Cough, fever, and dyspnea could be helpful to diagnose
COVID-19 infection. These results differ significantly between
the COVID-19 group and control group.

Differences in Clinical Characteristics and Laboratory
Findings of Patients with COVID-19 Illness

Table 2 shows the general characteristics of 217 patients with
COVID-19 illness (54.8% male, 45.2% female, median age 48
years). Of all the COVID-19 patients, 18.9% had mild illness,
74.2% had moderate illness, and 6.9% had severe or critical ill-
ness. The median age of severe and critical COVID-19 patients
was higher than that of the mild and moderate patients (61
years, 46 years, and 45 years, respectively, P<0.001). Among
those with severe and critical illness, 73.3% were males. A his-
tory of close contact with COVID-19 cases was found in 63.1%
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of the COVID-19 patients, and chronic medical illness was pres-
ent in 73.7% of patients. The most common chronic diseases
were hypertension (21%), diabetes (19.8%), and COPD (8.3%).
The incidence of these chronic diseases was higher among se-
verely and critically ill patients than among patients with mild
and moderate COVID-19 illness.

Laboratory Findings at Presentation Among Different
Types of COVID-19 Patients

As shown in Table 3, among all the patients, the most obvi-
ous abnormal laboratory indexes were higher neutrophil count,
CRP, total bilirubin, BUN, CRE, APTT, PT, and D-dimer, and lower
blood platelet and lymphocyte count. The differences among
the 3 types of patients were increasingly obvious with disease
progression. CD3* T cell, CD4* T cell, and CD8* T cell counts de-
creased gradually with exacerbation of the disease.

Discussion

A novel coronavirus, SARS-CoV-2, was isolated from Wuhan in
December 2019 [4] and quickly spread to other Chinese cit-
ies and many foreign countries. On 12 January, WHO named it
“2019 new coronavirus (COVID-19)”. It had 85% or more homol-
ogy to bat SARS-like coronavirus (bat-SL-COVZC45) [14], which
was transmitted rapidly from human to human by close con-
tacts and was classified by the government as a B infectious
disease [15]. Simultaneously, the disease progresses rapidly;
about 30% of patients developed severe and critical illness,
even those transferred to ICU treatment [16]. Therefore, in clin-
ical practice, we are actively looking for meaningful laboratory
examination results which can provide help for clinical diag-
nosis, treatment, and disease assessment as soon as possible.

The present multi-center, retrospective, observational study
described the epidemiological and laboratory characteristics
of COVID-19 patients and identified the risk factors for dis-
ease severity. These patients all received centralized treat-
ment at various infectious disease hospitals or municipal-lev-
el COVID-19 treatment centers in Jiangsu Province. Most of
the enrolled patients were residents infected by coming into
close contact with imported cases or with a history of travel
to or residence in Wuhan.

Previous studies showed the most common symptoms of pa-
tients with COVID-19 were fever and cough and had certain
diagnostic significance, which was consistent with the re-
sults of our study. Our findings suggested dyspnea occurred
in severe and critically ill patients, which indicated a serious
condition of disease. Sore throat also has a certain reference
significance for clinical diagnosis. Although there was no sta-
tistically significant difference in symptoms such as diarrhea,

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

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

€930853-3




Zhou ). et al:

C LI N I CA L R E S EA RC H Epidemiological and clinical characteristics of COVID-19 patients

© Med Sci Monit, 2021; 27: €930853

Table 1. Clinical characteristics and laboratory findings on admission to hospital between control group and COVID-19 group.

Control group (n=66) COVID-19 group (n=217) F/y? P
Sex
"""" Female 38 (76 120 (80
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.01 0.75
Male 28 (42.4) 97 (42.0)

A s 8 163 020
Csignsandsymptoms
"""" Cough  2a/66 (364)  136/217 (554 842 001
"""" Feer  31/e6 (470) 155217 (714 1426 000
"""" Sorethroat  10/66 (152 34217 157 010 090
"""" Dyspnoea  o/6 (00) 15217 (69) 482 002
"""" Fatigue  10/66 (152 45217 07) 101 032
"""" Diarhea  sl6 (76) 32217 123) 117 028
"""" Vomiting  3/66 (45 12217 55 009 075
"""" Weadache ~ sle6 (#) 38217 175 083 036
"""" Othe 86 (121) 38217 175 108 030
Claboratory findings
| White cell count, <100 626219 s18:205 700 000
Neutrophil, xioL 376:173 326:193 155 021
lymphocyte, x10L 2006107 1421068 1877 000
Hemoglobin (/) 13748s1728 1331882090 087 034
Blood platelet, 100 252417656 1966246952 006 081
| Creactive protein (mg/) 1164448 433940 35 003
procalcitonin (ng/m) 040:179 0412228 013 090
ATy 3423:415 3000:2373 078 043
ATy 2960:2775 273721564 0s6 058
Totalbilirubin wmolt) 11974609 1539:2844 | 067 051
CBUN@moO) 2461383 4513457 010 092
CRE@mol) s461384 . 4301416 190 006
oK@y 9808+14433  101.00:31586 | 006 096
CoemB@) 655t670 3651556 275 000
% Tl 135271154293 100307451299 536 002
e Tel 62514£289.92 487.34£20820 293 002
o8 Tel 43607420995 3196414924 320 004
~coayco8 166072 184:086 005 082
e 3043587 46311731 298 000
ey 10531448 8374559 337 003
Rg@y 3ise139 3516115 121 023
Ddimer(mg) 022:024 1350221 s60 000
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Table 2. Baseline characteristics of patients with COVID-19.

Total
(n=217)

Severe+critical
illness (n=15)

Moderate

(n=161) P value

Characteristics

Male 20 (48.8) 88 (54.7) 11 (73.3) 119 (54.8)

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.45 0.79
Female 21 (51.2) 73 (45.3) 4 (26.7) 98  (45.2)

I 45 (2070) - 46 (21-89) 61 (37-86) - 8 771 000
Historyofclosecontact 22 (537) 100 (621) 9 (600) 131 (603) 098 061
Cm 5 (61) 120 (745 15 (1000 160 (7370) 884 001
hypertension 3 73 45 (@79 9 (600) 57 (210) 1665 000
Diabetes 6 (146) 2 (199 5 (333) - 43 (198 242 030
‘o0 0o © 13 8y 5 (267) 18 (83 1608 000
Cerebrovascular disease 2 (49) 3 (19) 3 20 8 (37) 1291 000
Liverand kidney disease 2 (49) 0 62 3 @0 15 (69) 438 011
Hematological Disease 2 49) 3 (12 1 67 6 (28 328 019
CCancer 4 (@75 2 @75 1 61 17 (78 0338 084

vomiting, fatigue, and headache between the control group
and the COVID-19 group, it may be related to the inconsistent
immune function of each patient and the above different clin-
ical manifestations appeared in each patient.

According to the latest guide on COVID-19 diagnosis from the
National Health Commission of China [17] and severity degree,
new COVID-19 pneumonia was divided into 4 categories: mild,
moderate, severe, and critical. Because there were fewer critical
cases, we classified critical patients and severe patients into a
single category. Previous studies have reported that older pa-
tients are more likely to get COVID-19 pneumonia, and their
prognosis is worse [18]. In addition, our study showed older
patients with chronic comorbidity had more severe condition,
especially those with hypertension, COPD, and heart and brain
diseases. Therefore, age and comorbidities are risk factors for
COVID-19, which is consistent with previous research [19].
Based on the clinical manifestations and laboratory test re-
sults of the patients upon admission, we found that the symp-
toms of cough, fever, dyspnea, and fatigue in the 3 groups of
patients became more obvious and more serious. The labora-
tory results of this study showed that with the aggravation of
the disease, WBC count and neutrophils increased, and lym-
phocyte count and blood platelets decreased, suggesting that
the cellular immune system can be inhibited by COVID-19, and
the results showed that critical and severe patients were more
susceptible to bacterial infections. Therefore, the decreased
lymphocyte count and increased WBC, neutrophils, and CRP
may be related to the infection of patients, but the change in

PCT was not obvious. COVID-19 can cause damage to organs
such as the liver, kidneys, and myocardium, and then develop
into multifunction organ failure [20]. Our study also showed
that the levels of total bilirubin, urea nitrogen, and creatinine
were significantly different among the 3 groups, and gradual-
ly increased with progression of the disease, which is consis-
tent with previous research results [21]. However, there was no
significant difference in the results of alanine aminotransfer-
ase (ALT) and glutamic oxaloacetic transaminase (AST) among
the 3 groups. The renal function damage occurred in the se-
vere and critical patients group, which in extrapulmonary or-
gans indicates the severity of the disease.

The majority of COVID-19 cases may be due to failure of the
body to clear SARS-CoV-2 in time, the persistent immune cell
damage caused by the over-active immune response, and
then the falling CD4* T and CD8* T cell counts [22]. Our study
showed that the levels of CD3* T cells, CD4* T cells, and CD8*
T cells were significantly different between the patients with
COVID-19 and the control group. Moreover, the lower the ex-
pression level was, the more severe the disease was, which
has a certain reference value for clinical classification. These
results were in accordance with the patients in Wuxi Hospital,
which were reported by doctor Chen’s team [23]. The decrease
of T lymphocyte count suggests that SARS-CoV-2 consumes a
large number of immune cells and inhibits the cellular immune
function of the body, which is a major factor in the pathogen-
esis of COVID-19 [24]. Therefore, T lymphocyte subsets can
be used as an index to evaluate the condition of COVID-19
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Table 3. Clinical characteristics and laboratory findings on admission to hospital among the 3 groups.

Moderate Severe+critical

(n=161) (n=15) Pl

Signs and symptoms

D-dimer (mg/l) 0.58+0.44 1.21+1.76 6.83+4.25 60.89 0.00

Reference normal ranges: CD3+ T cell (1441+388/pl), CD4+ T cell (763+249/pl), CD8+ T cell (548+231/pl), CD4+/CD8+(1.6+0.8).
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patients. Our study also found that an important reason for
the critical condition of patients with COVID-19 was the dete-
rioration of the patient’s condition, coagulation dysfunction,
and even DIC, which eventually leads to death [25]. Elevated
levels of D-dimer indicate hypercoagulability and secondary
hyperfibrinolysis, which is of great significance in the diagno-
sis, efficacy evaluation, and prognosis prediction of throm-
botic diseases. The results of this study suggested that the
expression levels of D-dimer, partial prothrombin time, and
prothrombin time were significantly different between the
COVID-19 patient group and the control group. The expression
levels of D-dimer, partial prothrombin time, and prothrombin
time indicated the aggravation of the disease (P<0.01), which
was consistent with the research of Huang [26]. Zhou showed
the D-dimer level of COVID-19 patients was related with the
severity of illness [27], which was consistent with our study.
These results suggested that coagulation function monitoring
should be routinely carried out in COVID-19 patients for ear-
ly prediction of prognosis.
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Conclusions

Our study highlighted the clinical features of patients with
COVID-19 of various degrees of severity. COVID-19 was more
likely to occur in a population with comorbidities and in older
patients, especially in severe and critical patients. The most
obvious differences in indexes were lower lymphocyte count,
blood platelet, higher PT, APTT, D-dimer, CRE, and CRP among
the 3 groups. Other indexes, such as lower CD3* T cell, CD4*
T cell and CD8* T cell, and higher total bilirubin, were also im-
portant. Some clinical manifestations and specific laborato-
ry indicators are helpful to diagnose and evaluate COVID-19.
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