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Abstract

In this study, we aimed to investigate the changes of lymphocyte subsets (CD3+,

CD4+, CD8+) and inflammatory factors (interleukin‐6 [IL‐6], hypersensitive C‐reactive
protein [HS‐CRP], and procalcitonin [PCT]) of alveolar lavage fluid in patients with

severe corona virus‐2019 (COVID‐19) pneumonia and their clinical impact on the

assessment of disease severity and prognosis. Twenty‐four patients with severe

COVID‐19 pneumonia were admitted to the intensive care unit (ICU) of the Ezhou

Central Hospital from February 1 to March 22, 2020. According to the 28‐day
prognosis, they were assigned to a death group and a survival group. On the 3rd day

of ICU admission, peripheral blood and alveolar lavage fluid were collected for ex-

amination of lymphocyte subsets and inflammatory factors by flow cytometry and

immunoturbidimetry, respectively. The CD3+, CD4+, and CD8+ cell counts in alveolar

lavage fluid and serum were significantly higher in the survival group than those of

the death group (p < .05). The levels of IL‐6, HS‐CRP, and PCT in the alveolar lavage

fluid and serum of the death group were statistically higher than those of the survival

group (p < .05); The CD3+, CD4+ cell count, and IL‐6 level were negatively correlated

with Sequential Organ Failure Assessment (SOFA) and Acute Physiology and Chronic

Health Evaluation II scores, respectively (p < .05). The CD4+ cell and SOFA score have

a regression relationship for the prognosis of COVID‐19 severe patients. The CD3+,

CD4+, CD8+ cells, and IL‐6 levels are valuable in determining the prognosis of severe

COVID‐19 pneumonia and are strongly correlated with the severity of the disease;

the CD4+ cell is an independent risk factor affecting the prognosis of COVID‐19
pneumonia.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS‐Cov‐2) is a

non‐segmented single‐stranded RNA virus with an envelope, with a

diameter of about 50–200 nm,1 it is the seventh member of the cor-

onavirus family that can infect humans. In December 2019, an outbreak

of corona virus‐2019 (COVID‐19) began in Wuhan, China, spreading to

206 countries or regions around the world, gradually becoming a public

health emergency of global concern. Until now, WHO reports more

than 85 million confirmed cases, with over 1.8 million deaths. China has

reported more than 80,000 confirmed cases and more than 3000

deaths, with a mortality rate of 4.0%2–5; existing research results
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indicate that SARS‐CoV‐2 has angiotensin‐converting enzyme 2 (ACE2)

receptor binding domain, which can enter host cells through ACE26 and

cause lung injury by invading cells with ACE2 as the receptor, and in

addition to directly causing damage to lung tissue, the cytokine storm it

triggers further aggravates the inflammatory response and can even

develop into a systemic inflammatory response accompanied by shock,

diffuse intravascular coagulation, and multiple organ failure (MOF).2,7,8

Furthermore, a currently published retrospective study of COVID‐19
cases shows that cytokine storm (cytokine release syndrome, CRS) is

associated with high mortality of the disease9 and the progressive in-

crease of inflammatory factors such as C reactive protein (CRP) and

interleukin‐6 (IL‐6) in peripheral blood can be used as early warning

indicators, suggesting that CRP and IL‐6 are of great significance to the

severity of COVID‐19 disease.10 The level of T lymphocyte subsets has

been found to provide certain guidance for the clinical treatment and

prognosis of patients with viral pneumonia,2 and T lymphocyte subsets

participate in immune regulation and play an important role in the

body's immune system against viral infections. Among them, CD4+ and

CD8+ cells are important components of the T lymphocyte subsets that

maintain the body in a stable state of immunity and thus can resist the

invasion of external pathogens.11

Previous studies have only described the general epidemiologi-

cal characteristics, clinical manifestations, and outcomes of COVID‐
19 pneumonia. However, evidence regarding the cellular immunity

and inflammatory factor assays of alveolar lavage fluid in patients

who suffer from severe COVID‐19 pneumonia remains unknown. In

this study, by examining the changes of cellular immunity and in-

flammatory factors in the alveolar lavage fluid and serum of patients

with severe COVID‐19 pneumonia, we attempt to understand the

impact of immune function and inflammatory response on the pro-

gression and prognosis of disease to provide a theoretical basis for

the immune status and systemic inflammatory response of patients

with severe COVID‐19 pneumonia.

2 | MATERIALS AND METHODS

2.1 | Research object

A total of 24 severe COVID‐19 pneumonia patients in the intensive

care unit (ICU) of the Ezhou Central Hospital (Ezhou, Hubei) from

February 1, 2020, to March 22, 2020, aged 40–79 years, mean age

(64.7 ± 13.42) years old, including 17 males and 7 females. COVID‐19
pneumonia with primary disease: four cases of chronic obstructive

pulmonary disease (COPD), two cases of heart disease (coronary

heart disease, cardiac arrhythmia and chronic heart failure), two

cases of type II diabetes, and two cases of hypertension.

2.2 | Diagnostic and exclusion criteria

Diagnostic criteria: All patients are eligible for the intermediate‐
severe type of the “Diagnosis and Treatment Protocol for Novel

Coronavirus Pneumonia (7th Version)”10: which is defined as the

occurrence of respiratory failure and the need for mechanical ven-

tilation (MV), the presence of shock, and the combination of other

organs failures requiring ICU monitoring treatment.

Exclusion criteria: (1) patients with autoimmune diseases, im-

munodeficiency diseases, hypersensitivity diseases; (2) patients with

malignant tumors and radiochemotherapy; (3) patients who were

taking hormones and immunomodulators within 3 months; (4)

pregnant women; (5) negative result for SARS‐CoV‐2 in throat swabs

by reverse‐transcription polymerase chain reaction (RT‐PCR) test.

According to the testing guidelines issued by the National Health

Commission of China,10 a specific PCR test for two targets (ORF1ab

and N) of the SARS‐CoV‐2 in one sample is required to improve

specificity, and if both Ct values are less than 37, the patient is

reported positive and the infection is confirmed. The nucleic acid

detection kit is produced by Shenzhen BGI, China, and the PCR

instrument provided by Thermo Fisher Scientific.

2.3 | Grouping of research subjects

According to the 28‐day prognosis, patients with severe COVID‐19
pneumonia were assigned to a survival group and a death group.

• Survival group: the clinical symptoms of patients and relevant

laboratory indicators have improved, and the survival time ex-

ceeded 28 days.

• Death group: the clinical symptoms have deteriorated, and the

relevant laboratory examination indicators did not improve or even

worsened, and the patient died within 28 days of hospitalization.

Ten patients were in the survival group, including seven males

and three females, aged 40–76 years, with an average age of

(61.30 ± 13.40) years. 14 patients were involved in the death group,

including 10 males and 4 females, aged 45‐80 years, with an average

age of (65.80 ± 12.40) years.

2.4 | Treatments

All patients were treated in accordance with the Diagnosis and Treat-

ment Protocol for Novel Coronavirus Pneumonia (7th edition)5: invasive

MV, antiviral, anti‐infection, fluid resuscitation, organ protection, main-

tenance of water‐electrolyte acid–base balance, nutrition support, hor-

mones, Chinese herbal medicine, and other supportive treatments.

2.5 | Testing indicators

All patients' age, gender, and existing primary disease, clinical vital

signs (breathing, pulse, blood pressure, body temperature, and GCS

scores after transferring to ICU are recorded. Within 24 h of ad-

mission to ICU, 5 ml of peripheral venous blood was collected for
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routine blood tests, electrolytes, liver function, kidney function, and

blood gas analysis, and so on. Acute Physiology and Chronic Health

Evaluation II (APACHE II) and Sequential Organ Failure Assessment

(SOFA) score are calculated. On the 3rd day of admission to the ICU,

peripheral blood and alveolar lavage fluid were collected and sent to

detect lymphocyte subsets (CD3+, CD4+, CD8+ cells) and in-

flammatory mediators (IL‐6, hypersensitive CRP [HS‐CRP], procalci-
tonin [PCT]). The alveolar lavage operation technique is in

accordance with the Expert Consensus of the Chinese Medical

Association Respiratory Branch Regarding Pulmonary Infectious

Disease Bronchial Alveolar Lavage Pathogen Detection and

Specimen Collection (2017 Edition).12

2.6 | Laboratory testing methods

Lymphocyte subsets and inflammatory mediator specimens were

tested at the clinical laboratory center of the Ezhou Central Hospital

(Ezhou, Hubei). Lymphocyte subgroups were detected using flow

cytometry. Inflammatory factors such as IL‐6, PCT, and HS‐CRP were

measured by immunoturbidimetry.

2.7 | Evaluation indicators

• Comparing the survival group and death group with alveolar

lavage fluid and peripheral blood on CD3+, CD4+, CD8+, IL‐6,
HS‐CRP, and PCT.

• Pearson correlation analysis of pulmonary alveolar lavage fluid

and peripheral blood on CD3+, CD4+, CD8+, IL‐6, HS‐CRP, and
PCT with SOFA and APACHE II score, respectively.

• Application of binary logistic regression was adopted to analyze

the prognostic factors affecting severe COVID‐19 patients.

2.8 | Statistical methods

SPSS23.0 (SPSS Inc.) was used for statistical analysis. The measure-

ment data are expressed as mean ± SD. The homogeneity of variance

is analyzed by one‐way ANOVA, LSD‐t‐Test, and t‐test, uneven

variance using the Kruskal‐Wallis test. The adoption rate and com-

position ratio (%) of count data are described. Pearson correlation

analysis and binary logistic regression analysis were used. Diagnostic

efficacy was analyzed by plotting the receiver operating curve (ROC).

p < .05 indicates a statistical difference.

3 | RESULTS

3.1 | Comparison of gender, age, and primary
disease in the survival group and death group

There was no statistically significant difference between the survival

group and death group in gender and age (p > .05), and there was no

significant difference in the primary disease between the survival

group and death group (p > .05) (Table 1).

3.2 | Comparison of APACHE II and SOFA scores
in survival group and death group

The SOFA and APACHE are two scoring systems that determine the

prognosis of patients by measuring the degree of impairment of

major organ function and are mainly used in ICU units. The higher

the score, the higher the risk of death. In the study, the scores of

SOFA and APACHE II were higher in the death group compared to

the survival group (p < .05) (Table 2).

3.3 | Comparison of lymphocyte subsets and
inflammatory factors in alveolar lavage fluid and
serum between survival group and death group

It is well known that lymphocyte subsets are closely associated with

cellular immunity in humans. In terms of general trends, whether in

serum or in alveolar lavage fluid, the lymphocyte subsets of the death

TABLE 1 Gender, age and primary
disease in the survival group and death
group ( ̅x ± S)

Gender Primary diseases

Group

No. of

cases

(male/

female) Age COPD

Heart

disease Hypertension Diabetes

Survival group 10 7/3 61.3 ± 13.4 2 0 1 1

Death group 14 10/4 65.8 ± 12.4 2 2 1 1

Abbreviation: COPD, chronic obstructive pulmonary disease.

TABLE 2 Comparison of SOFA score and APACHE II score
between survival group and death group ( ̅x ± S)

Group Number of cases SOFA Score APACHE II Score

Survival group 10 3.22±2.06 14.85 ± 4.46

Death Group 14 8.86±2.84a 24.08±3.78a

Abbreviations: APACHE II, Acute Physiology and Chronic Health

Evaluation II; SOFA, Sequential Organ Failure Assessment.
ap＜0.05 comparison between two groups.
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group are greatly decreased compared to the survival group. on the

other hand, there was a significant increase in the related inflammatory

factors in the death group (Figure 1). Specifically, the cell counts of

CD3+, CD4+, and CD8+ in alveolar lavage fluid and serum in the survival

group were significantly higher compared to the death group and were

significantly lower in the alveolar lavage fluid of the death group than

those in the serum (p <.05); the levels of IL‐6, HS‐CRP, and PCT of the

alveolar lavage fluid and serum in the survival group were lower

compared to the death group, in addition, these inflammatory factors

were significantly higher in the alveolar lavage fluid of the death group

than those in the serum group (p < .05) (Table 3).

3.4 | Correlation analysis of immune and
inflammatory factor indexes with SOFA score and
APACHE II score in patients with severe COVID‐19
pneumonia

The levels of CD3+, CD4+ cells, and IL‐6 in alveolar lavage fluid of

patients with severe COVID‐19 pneumonia were negatively corre-

lated with the SOFA score and APACHE II score, respectively

(p < .05). In addition, the levels of CD8+ cells, PCT, and HS‐CRP were

not correlated with SOFA score and APACHE II score, respectively

(p > .05) (Table 4).

F IGURE 1 Lymphocyte subsets (CD3+,
CD4+, CD8+ cells) and inflammatory factors
(IL‐6, HS‐CRP, PCT) in alveolar lavage fluid
and serum between survival group and death
group on COVID‐19 patients. Data are
expressed as mean ± SD and were compared
with the t test. COVID‐19, coronavirus
disease 2019; HS‐CRP, hypersensitive
c‐reactive protein; IL‐6, interleukin‐6; PCT,
procalcitonin. *p < .05, **p < .01,***p < .001
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3.5 | Logistic analysis of factors affecting the
prognosis of severe COVID‐19 pneumonia

Taking the 28‐day death and survival of the patient as the dependent

variables, it may be related to the prognosis of severe COVID‐19
pneumonia, and the statistically significant indicators (CD3+, CD4+

cells, APACHE II score, SOFA score) are independent variables, the

results of logistic regression analysis indicated that the SOFA score,

CD4+ had a regressive relationship with the prognosis of sepsis pa-

tients (Table 5), suggesting that the levels of CD4+ and SOFA score

are independent risk factors affecting the prognosis of patients with

severe COVID‐19 pneumonia.

3.6 | Plotting the receiver operating curve (ROC)

The area under the CD4+ curve is 0.777 (77.7%) with a sensitivity of

90.5% and the specificity of 53.8%. The area under the SOFA score

curve is 0.775 (77.5%), the sensitivity is 85.7%, and the specificity is

59.0% (Table 6, Figure 2). The area under the CD4+ curve is 77.7%,

while the area under the SOFA score curve is 77.5%, suggesting that

the CD4+ have a certain clinical value in determining the prognosis of

patients with severe COVID‐19 pneumonia instead of the SOFA.

4 | DISCUSSION

Pneumonia caused by COVID‐19 has strong infectivity and a high

mortality rate, threatening the lives of people all over the world.5

The SARS‐CoV outbreak in 2003 can not only infect lung tissue but

also other tissues and organs that express ACE2 protein, un-

fortunately, the SARS‐CoV‐2 in 2019 has also been confirmed to

have such characteristics.13–15 Gurzu et al.16 have reported that lung

injury caused by SARS‐CoV‐like infection leads to pathological

changes in multiple organs throughout the body, such as liver cen-

trilobular fatty change, splenomegaly, proliferative glomerulone-

phritis, which may cause multiple organ dysfunction syndrome

(MODS) eventually.

SARS‐CoV‐2 infection mainly affects the respiratory system with

typical clinical symptoms of fever, dry cough, fatigue, dyspnea, hy-

poxemia, acute respiratory distress syndrome (ARDS), and multiple

organ insufficiency.16 Recent reports have suggested that SARS‐
CoV‐2 infection can also affect the cardiovascular system, causing

acute myocardial injury with rapid progression and poor prognosis in

severe cases.2,8,9 Based on previous studies related to SARS‐CoV and

the Middle East Respiratory Syndrome Coronavirus (MERS‐CoV), it
is currently hypothesized that acute myocardial injury in patients

with COVID‐19 is associated with direct viral invasion of myocardial

cells, severe hypoxemia‐related myocardial oxygen supply‐demand

imbalance, and excessive inflammatory response‐mediated myo-

cardial injury. The myocardium is a highly oxygen‐dependent tissue,

TABLE 3 Comparison of immune and inflammatory factors in
serum and alveolar lavage fluid in survival and death groups

Item Survival group (n = 10) Death group (n = 14)

CD3+ (/μl)

Serum 624.70 ± 124.76 464.83±193.91a

Lavage fluid 541.43 ± 112.39 312.45±90.05b

CD4+ (/μl)

Serum 490.50 ± 104.10 303.23±88.01a

Lavage fluid 285.53 ± 112.39 108.13±50.82b

CD8+ (/μl)

Serum 267.57 ± 97.01 152.23±94.27a

Lavage fluid 241.63 ± 81.97 111.44±89.15b

IL‐6 (pg/ml)

Serum 10.82 ± 2.41 18.79±3.14a

Lavage fluid 12.66 ± 2.98 29.44±5.80b

HS‐CRP (mg/L)

Serum 5.06 ± 1.93 10.48±2.13a

Lavage fluid 7.28 ± 0.85 18.99±2.05b

PCT (ng/ml)

Serum 1.81 ± 0.33 5.82±1.29a

Lavage fluid 2.86 ± 0.51 10.92±2.42b

Abbreviations: APACHE II, acute physiology and chronic health

evaluation II; HS‐CRP, hypersensitive C‐reactive protein; IL‐6,
interleukin‐6; PCT, procalcitonin; SOFA, sequential organ failure

assessment.
ap < .05 comparison of serum between two groups.
bp < .05 comparison of alveolar lavage fluid between two groups.

TABLE 4 Correlation analysis of immune and inflammatory
factor indexes with SOFA score and APACHE II score in critical
COVID‐19 pneumonia

r

Item (n = 60) SOFA APACHE II

CD3+ −0.516a −0.559a

CD4+ −0.549a −0.648a

CD8+ −0.161 −0.070

IL‐6 0.252a 0.041a

HS‐CRP 0.130 −0.039

PCT 0.035 0.077

Abbreviations: APACHE II, acute physiology and chronic health

evaluation II; HS‐CRP, hypersensitive C‐reactive protein; IL‐6,
interleukin‐6; SOFA, sequential organ failure assessment.
ap < .05.

TABLE 5 Logistic regression analysis of prognostic factors in
patients with severe COVID‐19 pneumonia

Variable B Wald Sig. Exp(B)

SOFA 0.320 3.860 0.049 1.377

CD4+ −0.009 3.930 0.047 0.991

Constant −1.160 1.767 0.431 0.314
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and in addition to coronary blood flow, blood oxygen content plays

an equally important role in maintaining normal myocardial meta-

bolism. Several studies have further demonstrated that severe and

persistent hypoxemia can lead to the development of acute myo-

cardial injury through various mechanisms, such as vascular en-

dothelial cell dysfunction and apoptosis,17–19 mitochondrial

functional impairment,20–22 and vasospasm.23

The occurrence of urinary complications in COVID‐19 patients

may be related to organ ischemia and hypoxia, high ACE2 expression,

inflammatory factors, age, drugs, and other factors. Firstly, it is well

known that the kidney is an organ with high blood flow and high

perfusion, which is more sensitive to changes in oxygen supply and

tension, and is therefore susceptible to hypoxic injury when the or-

ganism is hypoxic and ischemic. Patients with severe COVID‐19
are usually treated by MV in a hypoxic condition. Firstly, MV can

reduce the blood return to the heart and alter the hemodynamics of

the heart, which in turn leads to a decrease in glomerular filtration

rate and subsequent renal injury.24 Secondly, due to the high ex-

pression of ACE2 in renal tubules,25 SARS‐CoV‐2 may bind to ACE2

in the kidney and cause renal injury. A study found that SARS‐CoV‐2
has a higher affinity to ACE2 protein than SARS‐CoV,26 which might

be the reason why SARS‐CoV‐2 is more likely to cause kidney injury.

In addition, a few studies27,28 have indicated that some inflammatory

factors can exacerbate kidney injuries, such as tumor necrosis fac-

tor and IL‐6. Moreover, Li et al.29 have reported that cytokine storm

may be an important mechanism of viral sepsis and MODS in pa-

tients with COVID‐19, including acute kidney injury. Furthermore,

some autopsy findings have revealed that extensive endothelial cell

damage in the heart, kidney, small intestine and liver in COVID‐19,30

triggering excessive thrombin production, inhibiting fibrinolysis, and

activating the complement pathway, causing a thrombotic in-

flammatory response, ultimately leading to microthrombus deposi-

tion and microvascular dysfunction, which may promote further

evolution of acute tubular necrosis into cortical necrosis, resulting in

irreversible renal failure.16,31

Obviously, SARS‐CoV‐2 can affect the cellular immunity of pa-

tients. T lymphocytes are involved in the cellular immune function of

the body and can be divided into two subgroups, CD4+ and CD8+

T lymphocytes, which have killing and auxiliary killing functions, re-

spectively. One clinical study has demonstrated that most patients with

SARS‐CoV‐2 infection have decreased lymphocytes,32 in addition, an-

other study has shown that a significant decrease in the total number of

lymphocytes indicates that coronavirus consumes many immune cells

and suppresses the immune function of human cells, and the damage of

T lymphocytes may be an important factor leading to the deterioration

of the patient's condition.33 There are differences in T lymphocyte

subsets between critical and noncritical groups, but CD4+ T lympho-

cytes were more significantly decreased than CD8+ T lymphocytes in

the critical group.34 During the SARS outbreak in 2003, investigators

also paid more attention to the T lymphocyte subsets. In the lung in-

terstitium of SARS patients, CD8+ T cells account for approximately

80% of total infiltrating inflammatory cells and play an important role in

clearing SARS‐CoV from infected cells and inducing immune damage.35

The depletion of CD4+ T cells is associated with recruitment of

TABLE 6 ROC analysis of factors affecting the prognosis of
severe COVID‐19 pneumonia

Variable AUC p value Sensitivity Specificity

SOFA 0.775 .000 85.7 59.0

CD4+ 0.777 .000 90.5 53.8

Abbreviations: COVID‐19, coronavirus disease 2019; ROC, receiver

operating curve; SOFA, Sequential Organ Failure Assessment.

F IGURE 2 ROC curve of prognostic
factors in patients with severe COVID‐19
pneumonia.COVID‐19, coronavirus disease
2019; ROC, receiver operating curve; SOFA,
Sequential Organ Failure Assessment
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lymphocytes in the lung, neutralizing antibodies and decreased cytokine

production, resulting in strong immune response and interstitial pneu-

monia, which delays the clearance of SARS‐CoV from the lung.36 The

combination of virus replication in the lower respiratory tract and ab-

normal immune response may have an impact on the severity of the

disease, similar to what has been demonstrated in SARS and MERS.33

Chiu, W et al.37 have found that the level of T lymphocytes is strongly

associated with the prognosis of patients with severe influenza‐A virus

infection and that patients with low CD4+ T cells have a higher risk of

death within 28 days after admission. In inclusion of more than 100

SARS‐CoV‐2 infection cases with obesity, diabetes, and cardio‐
cerebrovascular diseases also have continuously decreased in lympho-

cytes and increased ferritin and cytokines, such as IL‐6, which may

cause the disease rapidly developed into ARDS and prolonged disease

course.32 As a cytokine, IL‐6 has a wide range of functions and diverse

biological efficacies. It can be produced by a variety of cells, such as

vascular endothelial cells, monocytes and macrophages, and helper

T cells. A study showed that IL‐6 is an important mediator synthesized

during acute inflammation and an important cytokine involved in the

inflammatory response, playing a role in the induction of acute‐phase
proteins synthesis in hepatocytes and pro‐inflammatory effects on a

variety of cells.38 In the early stage of infection, an appropriate increase

in IL‐6 can help maintain the internal homeostasis of the body, defend

against various pathogens and help control the progression of in-

flammation. However, its large release can induce excessive in-

flammatory response and damage to tissues and organs, as well as

induce a series of pathological changes in the microcirculation and

vascular endothelium,39,40 which may be related to the occurrence of

acute myocardial injury in COVID‐19 patients. Nevertheless, a recent

study from Romania has shown that the level of IL‐6 in serum is not

necessarily related to inflammation at the tissue level in the early stage

of infection, suggesting that it may not be an appropriate indicator for

diagnosing and predicting the onset of mild inflammation.41

In this study, we found that in patients with severe COVID‐19
pneumonia, CD3+, CD4+, CD8+ cell counts of the alveolar lavage fluid

and serum in the survival group were significantly higher than those

in the death group. In the survival group, the IL‐6, HS‐CRP, and PCT

of the level alveolar lavage fluid and serum were lower than those in

the death group, the difference was statistically significant (p < .05);

suggesting that the T lymphocyte count and inflammatory factors are

positively correlated with the severity of the disease. The study also

found that the levels of CD3+, CD4+, CD8+ in alveolar lavage fluid of

the death group were significantly lower than those in the serum,

while the levels of IL‐6, PCT, and HS‐CRP, were higher than those in

the serum, indicating that viral infection leads to abnormal oxygen

and carbon dioxide exchange in the alveoli, as well as secondary

inflammation‐mediated immune response disorder, which results in

rapid disease progression. The correlation analysis of this study

found that the levels of CD3+, CD4+, and IL‐6 were significantly

negatively correlated with SOFA and APACHE II score, suggesting

that with the multiple organ dysfunction, the decrease of CD3+ and

CD4+ and the increase of IL‐6 are related to the severity of

COVID‐19 pneumonia.

To accurately assess the criticality of a patient's condition, ICU

physicians usually need to collect a variety of clinical laboratory data

to calculate SOFA scores, including oxygenation index, platelet

count, bilirubin, blood pressure, Glasgow score, creatinine, and urine

output, which is a relatively time‐consuming process. By performing

a binary logistic analysis in this study, the CD4+ cells and SOFA score

were considered as independent risk factors affecting the prognosis

of patients with severe COVID‐19 pneumonia. Furthermore, the area

under the curve of CD4+ was 77.7% through the ROC curve, sug-

gesting that the level of CD4+ cell has a certain clinical value in

determining the prognosis of patients with COVID‐19 pneumonia

and its diagnostic efficacy is not different from SOFA with the area of

77.5% under the curve.

However, there are a few limitations of this study: first, this is a

single‐center study, so the sample size is not large enough and there

may be biases in the results. Second, this study lacks the correlations

between these inflammatory factors and lymphocytes in serum and

tissues. In this case, autopsies would be useful. Finally, we were

unable to further investigate the long‐term prognosis of patients.
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