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Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a novel
pathogen, has caused an outbreak of coronavirus disease 2019 (COVID-19) that has spread
rapidly around the world. Determining the risk factors for death and the differences in
clinical features between severely ill and critically ill patients with SARS-CoV-2 pneumonia
has become increasingly important.

Aim: This study was intended to provide insight into the difference between severely ill and
critically ill patients with SARS-CoV-2 pneumonia.

Methods: In this retrospective, multicenter cohort study, we enrolled 62 seriously ill patients
with SARS-CoV-2 pneumonia who had been diagnosed by March 12, 2020. Clinical data,
laboratory indexes, chest images, and treatment strategies collected from routine medical
records were compared between severely ill and critically ill patients. Univariate and multi-
variate logistic regression analyses were also conducted to identify the risk factors associated
with the progression of patients with severe COVID-19.

Results: Of the 62 patients with severe or critical illness, including 7 who died, 30 (48%)
patients had underlying diseases, of which the most common was cardiovascular disease
(hypertension, 34%, and coronary heart disease, 5%). Compared to patients with severe
disease, those with critical disease had distinctly higher white blood cell counts, procalcito-
nin levels, and D-dimer levels, and lower hemoglobin levels and lymphocyte counts.
Multivariate regression showed that a lymphocyte count less than 10%/L (odds ratio 20.92,
95% CI 1.76-248.18; p=0.02) at admission increased the risk of developing a critical illness.
Conclusion: Based on multivariate regression analysis, a lower lymphocyte count (<10°/L)
on admission is the most critical independent factor that is closely associated with an
increased risk of progression to critical illness. Age, underlying diseases, especially hyper-
tension and coronary heart disease, elevated D-dimer, decreased hemoglobin, and SOFA
score, and APACH score also need to be taken into account for predicting disease progres-
sion. Blood cell counts and procalcitonin levels for the later secondary bacterial infection
have a certain reference values.

Keywords: SARS-CoV-2, COVID-19, clinical features, severely ill patients, critically ill
patients

Background

On February 11, 2020, a novel virus-associated pneumonia that posed a global
health threat was termed COVID-19 (coronavirus disease 2019) by the WHO. This
novel infectious virus, which is an enveloped RNA virus, has a similar receptor-
binding domain structure to that of severe acute respiratory syndrome coronavirus
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(SARS-CoV), as shown by homology modeling." As of
July 14, over 570,000 people had died of COVID-19, and
the number of confirmed cases had surged to 13.11 million
worldwide. In mainland China, more than eighty thousand
people were infected with SARS-CoV-2, including 793 in
Shandong Province. At present, the focus of this outbreak
response is on the treatment of severely ill patients who
easily develop critical illness or even die. In China, several
studies have described the clinical characteristics and epi-
demiology of COVID-19 and found that SARS-CoV-2
infection could result in severe and even fatal acute
respiratory distress syndrome (ARDS).>* It has also
been reported that the mortality rate of severe cases of
COVID-19 is more than 17%.” Identifying the clinical
characteristics of severely ill patients and finding optimal
treatment strategies to prevent disease progression is of
great significance for reducing mortality and the social
impacts of the disease.

Existing articles have shown that some clinical find-
ings, such as high lactate, lymphopenia, and high D-dimer,
may suggest a poor prognosis.®® Some research has sug-
gested that advanced age (=75 years), multiple pulmonary
lobe involvement and pleural effusion are associated with
a higher disease severity.” This study aimed to identify the
most important predictors of disease progression and to
provide help for clinicians to improve the effectiveness of
the rescue. Additionally, some controversial treatment
methods, including gamma globulin, antibiotics, thymosin
and glucocorticoids,'®'! for severe pneumonia are also
discussed in this study.

Methods
Study Design and Participants

This retrospective cohort study enrolled 62 seriously ill
inpatients (35 males, 27 females) who were almost all
from hospitals designated to treat patients with SARS-
CoV-2 pneumonia in Shandong Province, including
Shandong Province Chest Hospital (Jinan, China). These
patients who were admitted to hospitals with confirmed
SARS-CoV-2 infection were diagnosed with severe or
critical disease between January 20 and March 12, 2020.
Severity of the disease was classified based on the
“Guideline on the management of COVID-19” published
by the National Health Commission of the People’s
Republic of China (version 7.0). Severely ill patients
were defined as those who met one of the following con-
ditions: dyspnea with a respiratory rate >30 breaths per

min, oxygen saturation <93%, or arterial blood oxygen
partial pressure (PaO2)/oxygen concentration (FiO2) <40
kPa. Critically ill patients had one of the following char-
acteristics: respiratory failure requiring mechanical venti-
lation, shock, or other organ failure requiring intensive
care therapy. Sequential Organ Failure Assessment
(SOFA) and Acute Physiology and Chronic Health
Evaluation (APACHE II) scores are two frequently used
scoring systems in intensive care units.

Differences in clinical features, laboratory examina-
tions, CT images and therapies between severe and critical
cases were compared. SOFA and APACHE II scores were
also compared.

Data Collection

We reviewed records including routine medical records,
nursing records, laboratory, radiological, and microbiolo-
gical examination results in the electronic medical system
for all patients with laboratory-confirmed SARS-CoV-2
infection in Shandong Province and ultimately enrolled
62 severely ill patients.

The data and information collected from patients
included sex, age, disecase onset date, admission time,
duration from admission to severe classification, pre-
existing conditions, exposure history (exposure to con-
firmed positive individuals, exposure to suspected positive
individuals, or exposure to people from an epidemic area),
major defining characteristics for classification as a serious
case, clinical manifestations, comorbidities, laboratory
examination results (white blood cell count, lymphocyte
count, platelet count, creatine kinase, total bilirubin, indir-
ect bilirubin, c-reactive protein, erythrocyte sedimentation
rate, procalcitonin, D-dimer, hemoglobin, lactate dehydro-
genase, albumin, blood lactate, serum creatinine, and urea
nitrogen), imaging features and therapeutic methods (use
of ventilation methods, gamma globulin, antibacterial
agents, albumin from convalescent plasma, corticosteroids,
traditional Chinese medicine, and thymosin).

Specimen Collection and Testing

Samples for the SARS-CoV-2 test were obtained from
oropharyngeal swabs, nasopharyngeal swabs and sputum
in all selected patients in accordance with “technical
guidelines for COVID-19 laboratory testing, version 2”.
Pathogen examination was performed using an ORF1ab/N
Gene Nucleic acid detection kit (BioGerm, China) follow-
ing the manufacturer’s instructions. The assay targeted the
SARS-CoV-2 N gene and ORF1ab gene. A total of 12 uL.
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nucleic acid amplification reactant, 4 uL enzyme mixture,
4 uL ORF1ab/N reactant (including primer and probe) and
5 uL RNA extracted from the sample were mixed in
a suitable centrifuge tube to make the final total fluid
volume of the tube reach 25 pL. Reactions for the ampli-
fications and detection were incubated at 50°C for 10 min
and 95°C for 5 min, followed by 40 cycles at 95°C for
10 s and 55°C for 40 s. After that, melting curve analyses
were performed to help exclude nonspecific application.
The results interpretation was based on the kit instructions:
A cycle threshold value less than or equal to 38 was
regarded as a positive test result; otherwise, it was con-
sidered a negative test result.

Statistical Analysis

Statistical analyses were conducted using SPSS version
23.0 (IBM Corporation, New York, NY, USA).
Continuous results are expressed as medians and inter-
quartile ranges (IQR), and dichotomous variables are pre-
sented as n (percentage). The Mann—Whitney U-test, y*
test or Fisher’s exact test, was performed to calculate the
parameter differences, as appropriate. Based on previous
articles and existing data, we used age, underlying dis-
eases, lymphocyte count less than 10°/L, APACHE II
score and SOFA score to perform univariate and multi-
variate logistic regression analysis. A two-sided o of less
than 0.05 was considered statistically significant.

Results

Data regarding the 62 severely ill patients analyzed in this
article were collected from nearly all designated hospitals
for COVID-19 treatment in Shandong Province, China
(Shandong Provincial Chest Hospital, Yantai Qishan
Hospital, etc.). The patients had a median age of 56.5
years (IQR 45.3-64.8) ranging from 25 years to 88
years. Critically ill patients had an older median age
(63.0 (51.8-74.8) years) than severely ill patients (50.5
(35.8-64.8) years) (Table 1). Thirty-five (56%) patients
were male, and only a few were current smokers or drin-
kers. Twenty-four (39%) patients had been exposed to
someone from the epidemic area, 18 patients (36%) were
residents of the area surrounding Wuhan, and 30 (49%)
patients were “close contacts” of positive or suspected
patients (suspected patients have fever or respiratory
symptoms). A total of 45 cases with confirmed exposure
history accounted for 73% of all cases and of critically ill
cases (Table 1). Thirty of 62 severely ill patients were
classified as critically ill during hospitalization according

to the Chinese management guideline for COVID-19 (ver-
sion 7.0).

The most common symptoms for all patients were
fever (97%) and cough (71%), followed by sputum pro-
duction (40%), dyspnea (35%), fatigue (24%) and myalgia
(15%). The proportions of other symptoms, including
diarrhea, nasal congestion or rhinorrhea and pharyngalgia,
were all less than or equal to ten percent (Table 1). In
critical cases, dyspnea (53%) and heart rate exceeding
120 per minute (30%) occurred more often. Notably,
fever was not the first clinical symptom in 15 (24%)
patients whose initial symptoms included cough, expec-
toration and chest tightness, which are often overlooked.
For these nonfebrile patients, the median duration from the
onset of symptoms to fever was 3 days (Figure 1). Nearly
half of the patients, especially critically ill subjects (63%),
had comorbidities. Of the eleven comorbidities we inves-
tigated, cardiovascular disease (35%) was the most com-
mon, followed by diabetes (16%). The frequency of
cardiovascular diseases, specifically hypertension (47%
vs 21%) and coronary heart disease (10% vs 0%), was
higher in critically ill patients than in severely ill patients.
There was no tuberculosis, chronic liver disease or inter-
stitial lung disease found in our cases. Other diseases, such
as obesity (3%), nephropathy (3%), chronic obstructive
pulmonary disease (3%), rheumatic immune disease (2%)
and malignancy (1%), were also rare (Table 1). The med-
ian duration from the onset of symptoms to admission was
6.0 (3.0-9.0) days for all patients, while that from onset of
symptoms to severe classification was 9.0 (7.0-13.0) days.
For critically ill patients, the time from severe to critical
illness was 2.0 (1.0-3.0) days.

Laboratory indexes of blood cell counts, inflammation
levels and bodily functions were statistically analyzed.
Some indicators, including white blood cell count, hemo-
globin, lymphocyte count, D-dimer and procalcitonin,
were distinctly different between critically ill and severely
ill subjects (Table 2). The higher white cell counts and
procalcitonin levels in critically ill patients may to some
extent indicate bacterial infection in the later stage of
disease. Four indexes (white blood cell count, hemoglobin
level, platelet count, and lymphocyte count) extracted
from the admission examination before hospitalization
were compared to those from the examination at the time
when the patients became severely ill (severe or critical
cases). For critically ill patients, similar to severely ill
patients, lymphocyte counts and hemoglobin levels were
significantly lower under severe conditions than at
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Table I Differences in Demographic and Baseline Characteristics Between Patients with Severe and Critical SARS-CoV-2 Pneumonia

All Patients Severely lll Patients Ceritically Il Patients P value
(n=62) (n=32) (n=30)

Demographics and baseline characteristics

Sex 0.13

Male 35(56%) 21(66%) 14(47%)

Female 27(44%) 1 1(34%) 16(53%)
Age, years 56.0(45.3-64.8) 50.5(35.8-58.5) 63.0(51.8-74.8) 0.001

20-39 12(19%) 10(31%) 2(7%)

40-59 25(40%) 14(44%) 11(37%)

60-79 19(301%) 7(22%) 12(40%)

280 6(10%) 1(3%) 5(17%)
Current smoker 3(5%) 2(6%) 1(3%) 0.59
Alcoholic 9(15%) 3(9%) 6(20%) 0.24
Immunosuppressive therapy history 1(2%) 0(0%) 1(3%) 0.30
Exposure history 45(73%) 23(72%) 22(73%) 0.90
Exposure to confirmed individuals# 21(34%) 9(28%) 13(43%) 0.21
Exposure to individuals from epidemic areas | 24(39%) 12(38%) 12(40%) 0.84
lliness onset preceded fever 15(24%) 8(25%) 7(23%) 0.88
Days from illness onset to admission 6.0(3.0-9.0) 5.5(3.0-9.3) 6(3.0-7.0) 0.52
Days from fever to admission 5.0(2.0-8.0) 4.5(2.0-9.0) 6(2.0-7.0) 0.87
Days from illness onset to severe 9.0(7.0-13.0) 10.0(7.0-15.2) 9.0(7.0-11.0) 0.26

classification

Days from severe to critical illness 2.0(1.0-3.0)

Signs and symptoms

Fever 60(97%) 32(100%) 28(93%) 0.14
Highest temperature, °C

<373 2(3%) 0(0%) 2(7%)

37.3-38.0 18(29%) 9(28%) 9(30%)

38.1-39.0 30(48%) 14(44%) 16(53%)

>39 12(19%) 9(28%) 3(10%)
Cough 44(71%) 23(72%) 21(70%) 0.87
Sputum production 25(40%) 14(44%) 11(37%) 0.54
Myalgia 9(15%) 6(19%) 3(10%) 0.33
Fatigue 15(24%) 6(19%) 9(30%) 0.30
Dyspnea (mild or severe) 22(35%) 6(19%) 16(53%) 0.004
Diarrhea 6(10%) 5(16%) 1(3%) 0.10
Nasal congestion or rhinorrhea 3(5%) 2(6%) 1(3%) 0.59
Pharyngalgia 6(10%) 3(9%) 3(10%) 0.93
Systolic pressure <90 mmHg 6(10%) 1(3%) 5(17%) 0.09
Heart rate >120 beats per min 10(16%) 1(3%) 9(30%) 0.04
Comorbidities 30(48%) 1'1(34%) 19(63%) 0.02
Diabetes 10(16%) 6(19%) 4(13%) 0.56
Cardiovascular disease 22(35%) 7(21%) 15(50%) 0.02
Coronary heart disease 3(5%) 0(0%) 3(10%) 0.06
Hypertension 21(34%) 7(21%) 14(47%) 0.04
Chronic obstructive pulmonary disease 2(3%) 1(3%) 1(3%) 0.96
Nephropathy 2(3%) 0(0%) 2(7%) 0.14
Malignancy 1(2%) 0(0%) 1(3%) 0.30

(Continued)
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Table | (Continued).
All Patients Severely lll Patients Critically Il Patients P value
(n=62) (n=32) (n=30)
Rheumatic immune disease 1(2%) 1(3%) 0(0%) 033
Obesity 2(3%) 0(0%) 2(7%) 0.14
Tuberculosis 0(0%) 0(0%) 0(0%)
Chronic liver disease 0(0%) 0(0%) 0(0%)
Interstitial lung disease 0(0%) 0(0%) 0(0%)

Notes: Data are presented as the median (IQR), n (%), or n/N (%), where N is the total number of patients with available data. P values comparing severely ill patients and
critically ill patients are from chi-square test, Mann—Whitney U-test, or Fisher’s exact test, as appropriate. #Patients with confirmed SARS-CoV-2 infection.

admission, while the white blood cell counts were higher
(Table 3). Lymphocytopenia was a distinct manifestation
for COVID-19 patients with poorer health and occurred
not only in severely ill patients but also in critically ill
patients from admission to when they developed severe
disease (severe or critical).

Chest computed tomographic (CT) scans have great
value for detecting virus-induced pulmonary injury and
viral pneumonia. All patients in our study underwent CT
examination during hospitalization. For the imaging fea-
tures, among 62 patients with COVID-19, 61 (98%)
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Figure | Characteristics of patients whose initial symptom was not fever. (A)
Duration (days) from illness onset to fever for these patients; the median duration
was 3 days. (B) Major initial symptoms other than fever.

patients had bilateral pulmonary involvement. Patchy opa-
cities (65%), ground-glass opacities (63%) and consolida-
tion (47%) were also noted in many patients’ imaging
diagnostic reports during the course of the disease (Table
2). We also show the typical CT image evolution of
a critically ill patient from admission to disease progres-
sion in Figure 2.

The median Acute Physiology and Chronic Health
Evaluation II (APACHE 1II) score and Sequential Organ
Failure Assessment (SOFA) score of all cases were 8.0
(IQR 5.0-14.0) and 3.0 (IQR 2.0-5.0), respectively. In our
cases, ARDS was the most common outcome, followed by
fungal infection, hepatic injury, shock and heart failure,
and most of the poor outcomes were frequently observed
in critically ill patients (Table 2).

Based on previous findings, we performed logistic
regression analysis using several discrepancy indicators
(Table 4). Univariate regression analysis showed that
older age, SOFA
score, APACHE 1I score and fewer lymphocyte counts

underlying  disease, higher
(<10°/L) on admission were more common in severe
and critical cases. Multivariate logistic regression ana-
lysis showed that a lymphocyte count less than 10°/L on
admission was related to the severity of disease
(Table 4).

Regarding treatment strategies, 44 (69%) patients
received treatment with nasal cannula, 39 (63%) with
high-flow nasal cannula oxygen therapy, 25 (40%) with
mask ventilation, and 11 (18%) with prone position venti-
lation (Table 2). Mechanical ventilation and extracorporeal
membrane oxygenation can both effectively and rapidly
increase the blood oxygen concentration of patients in
a poor clinical situation. In total, 15 (24%) and 3 (5%)
patients in our study who were critically ill were treated
with invasive ventilation or extracorporeal membrane oxy-
genation, respectively. A total of 56 (90%) patients

received glucocorticoid treatment, and more critically ill
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Table 2 Differences in Clinical Characteristics Between Severely lll and Critically Ill Patients with SARS-CoV-2 Pneumonia

All Patients (n=62) Severely lll Patients (n=32) Critically Il Patients (n=30) P value
Imaging features
Bilateral pulmonary involvement 61(98%) 31(97%) 30(100%) 0.33
Unilateral pulmonary involvement 1(2%) 1(3%) 0(0%) 0.33
Pleural effusion 7(11%) 3(9%) 4(13%) 0.62
Consolidation 29(47%) 14(44%) 17(57%) 0.31
Patchy opacities 40(65%) 18(56%) 23(77%) 0.09
Ground-glass opacities 39(63%) 19(59%) 20(67%) 0.55
Reticulation 13(21%) 6(19%) 7(23%) 0.66
Honeycombing 5(8%) 2(6%) 3(10%) 0.59
Crazy paving appearance 2(3%) 1(3%) 1(3%) 0.96
Air bronchograms 5(8%) 2(6%) 3(10%) 0.59
Laboratory parameters
White blood cell count, % 10° per L 5.9(4.6-8.1) 10.8(7.9-15.7) <0.001
Hemoglobin, g/L 129.0(121.5-144.0) 117.0(111.5-131.5) 0.006
Platelet count, x 10° per L 204.0(171.0-239.0) 206(163.0-237.0) 0.97
Lymphocyte count, x 10° per L 0.8(0.6—1.1) 0.6(0.4-0.7) 0.02
Monocyte count, x 10° per L 0.5(0.2-0.6) 0.5(0.2-0.7) 0.64
C-reactive protein, mg/L 31.3(13.5-77.4) 54.1(16.0-86.3) 0.41
Erythrocyte sedimentation rate, mm/h 59.0(45.0-68.0) 51.0(23.0-63.5) 0.28
D-dimer, pg/L 0.5(0.4-0.9) 2.6(0.6-8.6) 0.03
Fibrinogen, g/L 4.9(3.7-5.9) 4.5(3.6-5.4) 0.18
Procalcitonin, ng/mL 0.1(0.0-0.1) 0.2(0.1-0.5) 0.001
Creatine kinase, U/L 93.0(60.3-188.3) 92.0(44.5-189.0) 0.70
Creatine kinase isoenzyme, U/L 15.2(1.2-21.3) 5.2(1.7-18.0) 0.59
Serum lactate, mmol/L 2.1(1.2-2.4) 2.4(1.8-3.0) 0.09
Lactate dehydrogenase, U/L 303.0(244.5-359.0) 384.8(286.0—-454.0) 0.09
Albumin, g/L 34.3(31.0-38.0) 35.0(31.3-36.2) 0.85
Total bilirubin, umol/L 16.9(12.8-20.4) 19.4(13.7-34.8) 0.13
Indirect bilirubin, pmol/L 10.8(7.8-13.6) 13.8(5.7-19.3) 0.49
Serum creatinine, pmol/L 57.8(48.4-67.3) 59.6(40.1-87.7) 0.59
Treatment strategies
Nasal cannula 44(69%) 22(69%) 22(73%) 0.69
Mask ventilation 25(40%) 12(38%) 13(43%) 0.64
High-flow oxygen therapy 39(63%) 13(43%) 26(87%) <0.001
Mechanical ventilation 25(40%) 0(0%) 25(83%) <0.001
Noninvasive mechanical ventilation 24(45%) 0(0%) 24(80%) <0.001
Invasive mechanical ventilation 15(24%) 0(0%) 15(50%) <0.001
Prone-position ventilation 11(18%) 0(0%) 11(37%) <0.001
ECMO 3(5%) 0(0%) 3(10%) 0.07
Glucocorticoids 56(90%) 26(81%) 30(100%) 0.01
Albumin 34(55%) 16(50%) 15(50%) 1.0
Antibiotics 58(94%) 28(88%) 30(100%) 0.05
Traditional Chinese medicine 51(82%) 28(88%) 23(77%) 0.27
Gamma globulin 28(45%) 14(44%) 14(47%) 0.82
Convalescent plasma 4(6%) 0(0%) 4(13%) 0.03
Thymosin 34(55%) 17(53%) 17(57%) 0.78
Outcomes
SOFA score 3.0(2.0-5.0) 2(2.0-3.0) 4(3.0-6.0) 0.003
APACHE Il score 8.0(5.0-14.0) 6.5(4.0-8.3) 12(7.0-19.0) 0.003

(Continued)
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Table 2 (Continued).
All Patients (n=62) Severely lll Patients (n=32) Critically Ill Patients (n=30) P value

Heart failure 7(11%) 0(0%) 7(23%) 0.004
Arrhythmia 6(10%) 1(3%) 5(17%) 0.07
ARDS 21(34%) 2(6%) 19(63%) <0.001
Shock 7(11%) 0(0%) 7(23%) 0.004
Hepatic injury 8(13%) 2(6%) 6(20%) 0.11
Fungal infection 10(16%) 2(6%) 8(27%) 0.03
Multiple organ failure 5(8%) 0(0%) 5(17%) 0.02

Notes: Data are shown as the median (IQR), n (%), or n/N (%), where N is the total number of patients with available data. P values comparing severely ill patients and
critically ill patients are from chi-square test, Mann—Whitney U-test, or Fisher’s exact test, as appropriate. Laboratory parameters of severely ill patients are collected when
their disease state turns to severe, and that of critically ill patients are collected when they have their lowest oxygenation index (data from 7 patients who died were

collected when their diseases turn to critical).

patients received glucocorticoids than severely ill patients.
In the same period of time, doses of glucocorticoids
between the two groups were similar, and no obvious
therapeutic effect was observed (Figure 3D-E). Fifty-
eight (70%) patients were treated with at least one kind
of antibiotic, and 51 (82%) were treated with traditional
Chinese medicine. Of the 30 critically ill patients, 4 were
treated with convalescent plasma, and all survived (Table
2). Both gamma globulin and thymosin were administered
to the two groups, and there was no significant difference
in dose or usage. The therapeutic effect between the group
receiving thymosin or gamma globulin and the comparison
group showed no obvious differences in recovery time or
disease progression (Figure 3A—C). Among several gluco-
corticoid types, 40 mg methylprednisolone was chiefly
utilized when there were increased inflammatory responses
and rapid deterioration of the condition. For antibiotics,
moxifloxacin and third-generation cephalosporin were
used the most frequently (Figure 3).

Discussion
In this study, critically ill patients were older and had more
cardiovascular diseases, including hypertension and cor-
onary heart diseases, lower lymphocyte counts, and higher
SOFA scores and APACHE 1I scores than severely ill
patients. Lymphopenia was the only factor associated
with fatality for critically ill patients in our research.
Through univariate and multivariate logistic regression,
we found that a lymphocyte count less than 10°/L at
admission increased the risk of developing severe or cri-
tical illness. Strikingly, after comparing patients with dif-
ferent degrees of severity and in different stages of the
disease, we found that lymphocyte count was also distinct
both in horizontal (severe vs critical) and longitudinal (on

admission vs in severe condition) comparisons. This indi-
cated that lymphocytes remained at the normal level in the
stage of SARS-CoV-2
decreased to different degrees with progression of the

early infection, while they
disease. In previous reports, lymphopenia is common in
patients with MERS or SARS as a result of innate immune
evasion and destruction of lymphocytes by viruses.'> '
There are some other studies which had similar result to
us. A single-center retrospective study in Wuhan showed
that more than 80% of critically ill patients with COVID-
19 had lymphopenia.'> The proportion of blood lympho-
cyte has demonstrated the most significant and reliable
correlation with disease progression in patients who died
due to COVID-19. It also be considered as a valid and
accurate indicator for severity of COVID-19 patients, as
well as treatment efficacy of COVID-19.'® Existed studies
proved that lymphopenia accompanied by a decrease in the
amount of Treg cells, could cause excessive inflammatory
responses.'” What’s worse, since the specific T cells acts
as an indispensable part in inhibiting coronavirus replica-
tion, lymphopenia may support the persistence of the
virus.'®

In COVID-19, the cause of lymphopenia remains
unknown, though it has been speculated that perhaps
SARS-CoV-2 directly destroys the lymphatic system.'¢
For example, the spleen cell degeneration and necrosis
were observed during SARS-CoV-2 infection.'” Based on
earlier finds regarding SARS and MERS, Some scholars
also speculated that SARS-COV-2 can induce apoptosis of
lymphocytes.*® It was worth mentioning that p53, as a key
pro-apoptosis gene, was highly expressed in PBMCs col-
lected from COVID-19 patients.”’ In addition, due to the
expression of ACE2 on the membrane of hematopoietic
stem cells (HSCs), it is considered that SARS-COV-2 can
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Figure 2 Evolution of chest computed tomographic image findings of a patient with critical COVID-19 during hospitalization. (A) CT image on admission (day 3 after illness
onset) showing diffuse bilateral ground glass opacities (GGOs), which were mostly concentrated in the right lung. High-density shadows were distributed in the right inferior
lobar bronchus close to the pleura. (B) CT image on the day 9 after illness onset when the patient became severely ill. Large areas of subpleural GGOs and consolidation
with air bronchogram signs were observed. (C and D) show the lesions being gradually absorbed on day 19 and 26 after symptom onset.
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Table 4 Regression Analysis of Differential Variables
Univariate OR (95% CI) p value Multivariate OR (95% CI) p value
Age, per year 1.07(1.03-1.11) 0.002 1.06(0.96-1.17) 0.23
Underlying disease (vs no underlying disease) 3.30(1.16-9.34) 0.03 0.62(0.06—6.76) 0.69
Lymphocyte count, x 10’ per L
21.0 | (reference)
<I1.0 4.76(1.44-15.70) 0.0l 20.92(1.76-248.17) 0.02
SOFA score 1.72(1.14-2.60) 0.0l 1.30(0.85-1.99) 0.22
APACHE Il score 1.20(1.04-1.37) 0.0l 1.15(0.93-1.44) 0.21

Abbreviation: OR, odds ratio.

admission vs in severe condition) comparisons. This
proved that hemoglobin remained at the normal level in
the early stage of SARS-CoV-2 infection, while it

2

A

&
.

-
E

decreased to different degrees in combination with disease
progression. The decrease in hemoglobin may be related to
the destruction of red blood cells, the decrease in food

Figure 3 Treatment strategies for patients with severe COVID- 9. (A) Recovery time (from severe to moderate disease) between the gamma globulin/thymosin-treated group and the
control group. (B—D) Chi-square test comparing control patients and patients treated with thymosin (p=0. | 5)/globulin (p=1)/glucocorticoid (p=0.16) during the severe illness phase (14
patients were excluded because of their short severe stage (less than 2 days)). (E) Dosage of glucocorticoids within 3 days after the diagnosis of severe for the severe and critical groups.
(F) Types and frequency of glucocorticoids for treating patients with severe COVID-19. (G) Types and frequency of antibiotics for treating patients with severe COVID-19.
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intake, poor nutrition or gastrointestinal bleeding in criti-
cally ill patients. The reduction of hemoglobin is more
pronounced in critically ill patients, leading to less oxygen
transportation to the tissues and cells and exacerbation of
the damage to the organs. Some studies indicated that
a lower level of hemoglobin was associated with
a poorer outcome in patients with cardiovascular
diseases.”’*® The specific reasons need to be further
studied.

Higher SOFA and APACHE II scores were frequently
observed in critically ill patients. SOFA is a good indicator
to evaluate the degree of multiorgan dysfunction. It is
useful to predict the occurrence of sepsis, which was
often observed in patients with SARS-CoV-2 infection in
previous research.® Furthermore, high SOFA levels were
considered to be independently associated with mortality
in patients hospitalized for COVID-19.%° Similar to SOFA,
the APACHE II score can also be of importance in the
evaluation and prognosis of COVID-19. Both scores were
also positively related to the level of lactate dehydrogen-
ase, which is an independent risk factor for severe
COVID-19.3° Overall, the relationship between the
SOFA score, APACHE 1I score and COVID-19 must be
further explained.

Previous studies showed that CT imaging (88%) had
a higher positivity rate than RT-PCR assay (59%) for the
diagnosis of suspected patients with COVID-19" and was of
great significance in the heavy epidemic area. For severely ill
patients with COVID-19, it has also been noted that the CT
score can predict the risk of death.*> In comparison with
other research,”® patients in our study had more imaging
signs and lung lobes involved, which may rely on the severity
of disease. Patchy opacities, ground-glass opacities and con-
solidation were the characteristic imaging findings, which
indicated that COVID-19 had invaded and damaged the
blood capillaries, resulting in more exudation.

There are several limitations in this study. First, given that
differences between “severely ill patients” and “critically ill
patients” may be subtle, the number of cases in our study
might not be enough to fully reveal all valuable factors and
risk factors, such as age and underlying diseases that may be
underestimated. Second, because case records in this study
come from multiple hospitals, some laboratory parameters
inevitably involve missed tests. For this reason, the signifi-
cance of some parameters, including CRP and lactate, which
may play a role in indicating poor prognosis, may be
neglected. To ensure the preciseness of the results, we also
eliminated some less collected indicators, such as serum

ferritin. In the context of a global epidemic, more in-depth
studies are urgently needed to clarify the mechanism of
COVID-19 and provide possibilities to optimize current sup-
portive means and reduce mortality.

Conclusion

We confirmed that a lower lymphocyte count (<10°/L)
on admission is associated with an increased risk of
progression to critical illness. Continuous attention to
the dynamic changes of lymphocytes is helpful to take
early intervention measures to avoid further deteriora-
tion and even death. As for other indicators, age, under-
SOFA and
APACHE score have certain predictive value for the

lying disease (cardiovascular disease),

severity of the disease. Anti-infection therapy should
be applied in the late stage of the disease according to
WBC count and PCT.

Abbreviations
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