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Introduction
In December of 2019, a coronavirus 2 (SARS-
CoV-2)-associated severe respiratory syndrome 
novel pneumonia, which has been named as coro-
navirus disease-2019 (COVID-19), was reported 
in Wuhan, Hubei Province of China.1 Up until 21 
March 2020, data from the World Health 
Organization (WHO) have shown that more than 
292,142 confirmed cases have been identified in 
114 countries and regions.2

SARS-CoV-2 belongs to a clade of the sarbecovirus 
subgenus of the Orthocoronavirinae subfamily.3 
Although the pathogenesis of SARS-CoV-2 remains 
unclear, lymphopenia has been reported to occur in 
most COVID-19 patients.4,5 The feature has also 
been found in two other fatal human coronavirus-
associated pneumonias: severe acute respiratory 
syndrome coronavirus (SARS-CoV) and the Middle 
East respiratory syndrome coronavirus (MERS-
CoV).6,7 According to previous studies, T 
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lymphocytes play an important role in the immune 
response to antiviral infection,8 which indicates that 
lymphocyte counts could be critical indicators asso-
ciated with the severity of the pneumonia and the 
clinical outcome of COVID-19 patients. However, 
few studies have shed light on these aspects.

Therefore, this study was conducted to investi-
gate the association between immunological indi-
cators including counts of lymphocytes and 
subgroups and the severity of the pneumonia. We 
analyzed the immunological indicators of patients 
with COVID-19 pneumonia with different 
degrees of severity and compared those indicators 
between patients at admission and discharge. 
Correlation of immunological indicators with lac-
tate dehydrogenase (LDH) and C-reactive pro-
tein (CRP) was also investigated in the study.

Methods

Study design and participants
In this retrospective study, 373 patients with 
COVID-19 in the period of 20 January to 29 
February 2020 were enrolled at the Shanghai 
Public Health Clinical Center (SPHCC) and 
Affiliated Hospital of Putian University, which 
are both COVID-19 pneumonia-designated hos-
pitals in China. All 373 patients enrolled were 
diagnosed as having COVID-19 according to the 
criteria from the Guideline of Diagnosis and 
Treatment of COVID-19 of National Health 
Commission of China. Of the 373 patients, 8 
patients were classified as mild cases, 314 patients 
as moderate cases, 33 patients as severe cases, 
and 18 patients as critical cases. We combined 
mild and moderate cases into a group named the 
non-severe group, and combined severe and criti-
cal cases into a group named the severe group. 
The objective of the study and its requirements 
were explained to the subjects. This case series 
was approved by the institutional ethics board of 
the Affiliated Hospital of Putian University, 
China and the Ethics Committee of SPHCC; oral 
consent was obtained from patients involved 
before data were collected retrospectively.

Classification of COVID-19
According to the Diagnosis and Treatment 
Protocol for Novel Coronavirus Pneumonia 
(Seventh Version, Released by National Health 
Commission & State Administration of Traditional 

Chinese Medicine), severity of COVID-19 infec-
tion is classified as follows.

1.  Mild cases

The clinical symptoms were mild, and there was 
no sign of pneumonia on imaging.

2.  Moderate cases

Showing fever and respiratory symptoms with 
radiological findings of pneumonia.

3.  Severe cases

Adult cases meeting any of the following criteria:

(a)	 respiratory distress (⩾30 breaths/ min);
(b)	 oxygen saturation ⩽93% at rest;
(c)	 arterial partial pressure of oxygen (PaO2)/ 

fraction of inspired oxygen (FiO2) 
⩽300 mmHg (l mmHg = 0.133 kPa).

4.  Critical cases

Cases meeting any of the following criteria:

(a)	 respiratory failure and requiring mechan-
ical ventilation;

(b)	 shock;
(c)	 with other organ failure that requires ICU 

care.

According to the criteria, the patients were classi-
fied as mild cases, moderate cases, severe cases, 
and critical cases.

Blood routine tests
A total of 2 ml of EDTA anticoagulated peripheral 
blood of the patients with COVID-19 pneumonia was 
drawn at admission and discharge, then the blood sam-
ples were sent to the clinical labs and analyzed by 
BC-5800 Automatic Blood Cell Analyzer (Mairui, 
Shenzhen, China), according to the manufacturer’s 
instructions. Count and volume distribution of red 
blood cells and platelets were measured by an electric 
resistance method. Concentration of hemoglobin was 
measured by colorimetric method. Counts of white 
blood cells and subsets were measured by laser flow 
cytometry. Data can be read from the machine directly, 
including white blood cells, red blood cells, platelets, 
lymphocytes, neutrophils, and monocytes. The neu-
trophil-to-lymphocyte ratio (NLR) was calculated as 
the ratio of neutrophil count to lymphocyte count.
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Flow cytometry of peripheral blood
EDTA anticoagulated peripheral blood samples 
were collected from COVID-19 patients at admis-
sion and another sample from the same patient 
was collected at discharge. All the blood samples 
were tested by the clinical labs within 6 h. CD3+/
CD4+/CD8+ T cells were measured by multi-
ple-color flow cytometry with human monoclonal 
anti-CD3-fluorescein isothiocyanate, anti-CD4-
phycoerythrin, and anti-CD8-allophycocyanin 
according to the manufacturer’s instructions as 
reported in a previous study.9 Lymphocyte sub-
sets detection kits used in this study were pur-
chased from BD company (Becton, Dickinson 
and Company, Franklin Lakes, USA). The cells 
were analyzed on a BD FACS Canto II flow 
cytometry system and analyzed with the BD 
FACS Diva Software (BD Biosciences, Becton, 
Dickinson and Company, Franklin Lakes, USA). 
The percentage and the absolute count of lym-
phocyte subsets were determined, including T 
cells (CD3+, CD45+), helper T cells (CD4+, 
CD3+, CD45+), and suppressor T cells (CD8+, 
CD3+, CD45+). Each sample was tested in 
duplicate.

Confirmation of SARS-CoV-2
Respiratory specimens were collected by the local 
Centers for Disease Control (CDC) according  
to the WHO guidance and then delivered to  
designated authoritative laboratories to detect  
SARS-CoV-2. Real-time reverse transcription 
polymerase chain reaction (RT-PCR) assays were 
performed in accordance with the protocol estab-
lished by the WHO.10

Data resources
The medical records of patients were analyzed by 
the research team of the Department of Pulmonary 
Medicine, Zhongshan Hospital of Fudan 
University. Epidemiological, clinical, laboratory, 
radiological characteristics, and the treatment 
records of the patients were collected from 
Shanghai Public Health Clinical Center and 
Affiliated Hospital of Putian University as forms 
from electronic medical records. Blood was with-
drawn and the data were collected at the time 
when the patients were hospitalized and when 
they met the discharge criteria: (a) body tempera-
ture back to normal for more than 3 days; (b) res-
piratory symptoms show obvious improvement; 
(c) pulmonary imaging shows obvious absorption 

of inflammation; (d) nuclei acid tests negative 
twice consecutively on respiratory tract samples 
such as sputum and nasopharyngeal swabs (sam-
pling interval being at least 24 h). The local CDC 
labs and the Chinese CDC have made a clear defi-
nition of COVID-19 infection by throat-swab 
specimens from the upper respiratory tract. 
RT-PCR assay was used to confirm the COVID-
19 infection.

Outcomes
Data includes symptoms, comorbidity, laboratory, 
and radiological characteristics of patients at admis-
sion, laboratory results of routine blood examina-
tions, biochemical tests, and immunological tests of 
the last time before the patient was discharged.

Statistical analysis
Continuous variables were presented as mean ±  
standard deviation. Categorical variables were 
expressed as frequency and percentage. According 
to the Chinese guidelines, patients were classified 
as four groups, namely non-severe (mild and mod-
erate cases) and severe groups (severe and critical 
cases). Comparison between the two groups was 
assessed by Student’s t-test or Mann–Whitney 
rank sum test (for continuous variables) and chi-
squared test or Fisher’s exact tests (for categorical 
variables). To compare the differences of the vari-
ables of immunological tests, CRP, and LDH at 
admission and discharge, paired t-test or Wilcoxon 
matched-pairs sign-rank test was applied. 
Regression analysis was used to determine the rela-
tionship between LDH and CRP with different 
variables of immunological examinations, such as 
T lymphocytes, CD4+ and CD8+ T cells, and 
total lymphocytes count (TLC) at admission and 
discharge. Stata version 15 (Stata Corp, LLC, 
Texas, USA), GraphPad Prism (version 6; 
GraphPad Software, San Diego, California, USA), 
and Excel (Version Office 365, Microsoft 
Corporation, the United States) were used for all 
statistical analysis and drawing graphs, and the 
level of significance was set to p < 0.05. The data of 
significant difference were marked in bold.

Results

Demographics and descriptive
A total of 373 patients with COVID-19 were 
included in this study, their clinical characteristics 
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Table 1.  Clinical characteristics of patients with COVID-19.

Characteristic Total
(n = 373)

Non-severe
(n = 322)

Severe
(n = 51)

p value

Age, n (%)

⩽39 128 (34.32) 121 (37.58) 7 (13.73) 0.0010**

40–49 62 (16.62) 55 (17.08) 7 (13.73) 0.5500

50–59 67 (17.96) 60 (18.63) 7 (13.73) 0.3960

60–69 77 (20.64) 63 (19.57) 14 (27.45) 0.1960

70–79 32 (8.58) 21 (6.52) 11 (21.57) 0.0010**

⩾80 7 (1.88) 2 (0.62) 5 (9.80) 0.0001***

Male 197 (52.82) 168 (52.17) 29 (56.86) 0.0390*

Days from illness onset to 
admission days

5.191 (3.651) 5.249 (3.751) 4.824 (2.951) 0.4400

Hospitalization days 17.48 (8.702) 16.51 (7.560) 23.61 (12.33) <0.0001****

Comorbidity, n (%)

Any 128 (34.32) 104 (32.30) 24 (47.06) 0.0390*

Hypertension 71 (19.03) 59 (18.32) 12 (23.53) 0.3790

Cardiovascular disease 18 (4.83) 12 (3.73) 6 (11.76) 0.0130*

Diabetes 29 (7.77) 21 (6.52) 8 (15.69) 0.0466*

COPD 4 (1.07) 2 (0.62) 2 (3.92) 0.0920

Chronic liver disease 14 (3.75) 10 (3.11) 4 (7.84) 0.2086

Others 29 (7.77) 24 (7.45) 5 (9.80) 0.7634

Symptoms, n (%)

Fever 184 (48.33) 156 (48.45) 28 (54.90) 0.3920

Cough 127 (34.05) 106 (32.92) 21 (41.18) 0.2480

Headache 18 (4.83) 15 (4.66) 3 (5.88) 0.9782

Sputum production 78 (20.91) 64 (19.88) 14 (27.45) 0.2160

Diarrhea 22 (5.90) 20 (6.21) 2 (3.92) 0.7452

Muscle pain 34 (9.12) 31 (9.63) 3 (5.88) 0.7990

Chills and rigors 22 (5.90) 7 (2.17) 15 (29.41) <0.0001****

Fatigue 54 (14.48) 41 (12.73) 13 (25.49) 0.0160*

Anorexia 18 (4.83) 12 (3.73) 6 (11.76) 0.0326*

Data was presented as mean (SD).
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
COVID-19, coronavirus disease 2019; COPD, chronic obstructive pulmonary disease.
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are displayed in Table 1. In total 51 of them were in 
the severe group. The proportion of patients under 
39 years old in the severe group was significantly 
lower than that in the non-severe group (p = 0.0010) 
and the proportion over 70 years was significantly 
higher than in the non-severe group (70–79: 
p = 0.0010; ⩾80: p = 0.0001). Length of hospital 
stay of patients in the severe group was significantly 
longer than the non-severe group. A total of 47% of 
patients [n = 24 (47.06%)] from the severe group 
had comorbidity, which was significantly higher 
than the non-severe group [n = 104 (32.30%), 
p = 0.0390]. Among the comorbidities, prevalence 
of cardiovascular disease and diabetes in the non-
severe group was significantly lower than the severe 
group (cardiovascular disease: p = 0.0130; diabetes: 
p = 0.0466). Common self-reported symptoms at 
onset of illness were fever [n = 184 (48.33%)], 
cough [n = 127 (34.05%)], and sputum production 
[n = 78 (20.91%)]. Compared with the non-severe 
group, a higher proportion of patients in the severe 
group reported chills/rigors, fatigue, and anorexia 
(chills and rigors: p < 0.0001; fatigue: p = 0.0160; 
anorexia: p = 0.0326).

Laboratory indices
Laboratory findings upon admission to hospital 
are summarized in Table 2. All subjects displayed 
at least one abnormality in imaging, and the  
most common abnormality was ground-glass 
opacity [n = 343 (91.96%)]. Unilateral pneumonia 
was more common in the non-severe group 
(p = 0.0140), while bilateral pneumonia was more 
common in the severe group (p = 0.0110). 
Compared with the non-severe group, levels of 
aspartate aminotransferase (AST) and total biliru-
bin (TB) levels in the severe group were signifi-
cantly higher (AST: p < 0.0001; TB: p = 0.0367).

Immunological indicators of different severity
The cell counts of CD3+, CD4+, and CD8+ lym-
phocytes and TLC in the severe group were signifi-
cantly lower than those in the non-severe group at 
admission (CD3+: p < 0.0001; CD4+: p < 0.0001; 
CD8+: p < 0.0001; TLC: p < 0.0001) and dis-
charge (CD3+: p < 0.0001; CD4+: p < 0.0001; 
CD8+: p = 0.0086; TLC: p < 0.0001). Although 
we failed to find any significant difference in the 

Table 2.  Laboratory results of patients with COVID-19.

Variables Normal 
range

Total
(n = 373)

Non-severe
(n = 322)

Severe
(n = 51)

p value

Abnormalities on imaging 
examination, n (%)

 

Ground-glass opacity 343 (91.96) 294 (91.30) 49 (96.07) 0.3747

Unilateral pneumonia 78 (20.91) 74 (22.98) 4 (7.84) 0.0140*

Bilateral pneumonia 266 (71.31) 222 (68.94) 44 (86.27) 0.0110*

White blood cell count, ×109/l 3.5–9.5 5.374 (2.310) 5.277 (1.963) 5.978 (3.789) 0.6029

Hemoglobin, g/l 115–150 135.9 (15.82) 135.8 (16.05) 136.7 (14.36) 0.7063

Platelet count, ×1012/l 100–300 198.0 (72.56) 200.4 (73.74) 183.1 (63.25) 0.0856

Alanine aminotransferase, U/l 7–40 26.96 (19.58) 26.77 (20.2) 28.16 (15.27) 0.0814

Aspartate aminotransferase, U/l 13–40 28.30 (19.94) 27.23 (20.06) 34.98 (17.91) <0.0001****

Total bilirubin, µmol/l 5.1–19 9.588 (4.536) 9.412 (4.511) 10.68 (4.583) 0.0367*

Blood urea nitrogen, mmol/l 2.68–8.2 4.626 (2.654) 4.465 (1.622) 5.626 (5.814) 0.2528

Creatinine, µmol/l 35–84 65.87 (25.98) 64.63 (20) 73.45 (48.34) 0.1945

Data was presented as mean (SD).
*p < 0.05, ****p < 0.0001.
COVID-19, coronavirus disease 2019.
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ratio of CD4+ and CD8+ lymphocyte counts 
(CD4+/CD8+) between groups at admission, 
CD4+/CD8+ in the severe group was significantly 
lower at discharge than the non-severe group 
(p = 0.0464). Neutrophil count was significantly 
higher in the severe group compared with patients 
in the non-severe group at admission (p = 0.0436), 
while no significant difference was observed at dis-
charge. NLR was significantly higher in the severe 
group compared with patients in the non-severe 
group both at admission (p < 0.0001) and dis-
charge (p = 0.0010; Tables 3 and 4 and Figure 1)

At admission, levels of C3 and C4 in the severe 
group were significantly lower than those in  
the non-severe group (C3: p = 0.0004; CD4+: 
p = 0.0323). We failed to find any significant dif-
ference in levels of IgM, IgA, or IgG between 

patients in the severe and non-severe group 
(Tables 3 and 4).

Leukocytes at admission and discharge
Comparing the immunological indicators of the 
patients at admission and discharge, we found that 
CD3+, CD4+, and CD8+ lymphocyte counts 
and TLC in discharged patients were elevated in 
both the severe group (CD3+: p < 0.0001; CD4+: 
p < 0.0001; CD8+: p < 0.0001; TLC: p < 0.0001) 
and non-severe group (CD3+: p < 0.0001; CD4+: 
p < 0.0001; CD8+: p < 0.0001; TLC: p < 0.0001) 
compared with those at admission. CD4+/CD8+ 
in the non-severe group was elevated at discharge 
compared with that at admission (p = 0.0005), 
while no significant difference was found in the 
severe group. Discharged patients had lower  

Table 3.  The levels of LDH, CRP, and immunological indicators of COVID-19 pneumonia patients at admission.

Variables Normal range Total Non-severe Severe p value

CD3+ lymphocytes, ×106/l 690–2540 857.17 (480.40) 899.72 (424.50) 585.74 (690.52) <0.0001****

CD4+CD3+ lymphocytes, ×106/l 410–1590 503.82 (268.48) 535.41 (265.67) 302.28 (187.94) <0.0001****

CD8+CD3+ lymphocytes, ×106/l 190–1140 321.04 (271.18) 331.07 (185.65) 258.26 (564.68) <0.0001****

CD4+/CD8+ 0.9–3.6 1.89 (1.04) 1.88 (1.04) 1.92 (1.07) 0.8911

C3, g/l 0.9–1.8 1.18 (0.22) 1.20 (0.22) 1.07 (0.24) 0.0004***

C4, g/l 0.1–0.4 0.33 (0.31) 0.34 (0.33) 0.28 (0.09) 0.0323*

IgM, g/l 0.4–2.3 1.11 (0.71) 1.13 (0.74) 1.00 (0.41) 0.3313

IgA, g/l 0.7–4 2.62 (1.28) 2.63 (1.29) 2.56 (1.24) 0.4460

IgG, g/l 7–16 12.35 (2.86) 12.32 (2.67) 12.54 (3.92) 0.8905

Monocytes, ×109/l 0.1–0.6 0.47 (0.22) 0.47 (0.19) 0.47 (0.36) 0.9513

NLR <1.2 3.61 (4.45) 2.93 (1.80) 7.90 (10.20) <0.0001****

Neutrophil count, ×109/l 1.8–6.3 3.56 (2.07) 3.34 (1.43) 4.96 (4.06) 0.0436*

TLC, ×109/l 1.1–3.2 1.28 (0.61) 1.34 (0.57) 0.95 (0.75) <0.0001****

LDH, IU/l 109–245 251.06 (102.60) 233.51 (77.26) 361.18 (159.59) <0.0001****

CRP, mg/l 0–10 20.17 (25.89) 16.88 (21.50) 41.84 (19.14) <0.0001****

Data was presented as mean (SD).
*p < 0.05, ***p < 0.001, ****p < 0.0001.
C3, complement 3; C4, complement 4; CD4+/CD8+, the ratio of CD4+ lymphocyte counts to CD8+ lymphocyte counts; COVID-19, coronavirus 
disease 2019; CRP, C-reactive protein; Ig, immunoglobulin; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; TLC, total 
lymphocyte count.
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Table 4.  The levels of LDH, CRP, and leukocyte counts of COVID-19 pneumonia patients at discharge.

Variables Normal range Total Non-severe Severe p value

CD3+ lymphocytes, ×106/l 690–2540 1279.10 (504.71) 1342.67 (493.06) 938.79 (429.62) <0.0001****

CD4+CD3+ lymphocytes, ×106/l 410–1590 767.93 (329.01) 810.72 (321.02) 530.61 (269.47) <0.0001****

CD8+CD3+ lymphocytes, ×106/l 190–1140 441.36 (200.65) 455.71 (198.07) 357.58 (198.21) 0.0086**

CD4+/CD8+ 0.9–3.6 2.00 (1.01) 2.02 (0.96) 1.87 (1.27) 0.0464*

NLR <1.2 2.16 (1.84) 1.99 (1.04) 3.28 (4.17) 0.0010**

Neutrophil count, ×106/l 1.8–6.3 3.39 (1.39) 3.35 (1.25) 3.68 (2.09) 0.8482

TLC, ×109/l 1.1–3.2 1.78 (0.59) 1.84 (0.59) 1.44 (0.48) <0.0001****

LDH, IU/l 109–245 212.90 (58.50) 205.84 (49.31) 260.03 (87.35) <0.0001****

CRP, mg/l 0–10 1.82 (5.82) 1.33 (2.57) 5.02 (14.27) 0.1671

Data was presented as mean (SD).
*p < 0.05, **p < 0.01, ****p < 0.0001.
C3, complement 3; C4, complement 4; CD4+/CD8+, the ratio of CD4+ lymphocyte counts to CD8+ lymphocyte counts; COVID-19, coronavirus 
disease 2019; CRP, C-reactive protein; Ig, immunoglobulin; LDH, lactate dehydrogenase; NLR, neutrophil to lymphocyte ratio; TLC, total lymphocyte 
count.

NLR than when they were admitted in both the 
severe group (p < 0.0001) and non-severe group 
(p < 0.0001). However, no significant difference in 
neutrophil counts was found between at admission 
and discharge (Table 5 and Figure 1).

Correlation between LDH and Leukocytes
Compared with the non-severe group, LDH lev-
els were significantly higher in patients from the 
severe group at admission (p < 0.0001) and dis-
charge (p < 0.0001). In addition, LDH levels of 
discharged patients in both the non-severe group 
(p < 0.0001) and severe group (p < 0.0001) were 
significantly lower than those at admission 
(Tables 3–5). Therefore, we performed a correla-
tion analyses between LDH and immunological 
indicators (Table 6).

At admission, CD3+, CD4+, and CD8+ lympho-
cyte counts and TLC were negatively correlated 
with LDH levels in both the non-severe group 
(CD3+: p < 0.0001; CD4+: p < 0.0001; CD8+: 
p < 0.0001; TLC: p < 0.0001) and severe group 
(CD3+: p < 0.0001; CD4+: p < 0.0001; CD8+: 
p < 0.0001; TLC: p < 0.0001). Neutrophil count in 
the severe group was positively correlated with LDH 

level (p < 0.0001), while we failed to find any corre-
lation in the non-severe group. NLR and LDH lev-
els were positively correlated in the non-severe 
group (p < 0.0001) and severe group (p < 0.0001).

At discharge, CD3+, CD4+, and CD8+ lym-
phocyte counts and TLC were negatively corre-
lated with LDH level (CD3+: p = 0.0045; CD4+: 
p = 0.0044; CD8+: p = 0.0079; TLC: p = 0.0139) 
in the non-severe group, while neutrophil count 
and NLR were positively correlated with LDH 
level (neutrophil count: p = 0.0125; NLR: 
p = 0.0001). However, we failed to find any cor-
relation between leukocyte counts and LDH level 
in the severe group.

Correlation between CRP and leukocytes
Compared with the non-severe group, CRP levels 
were significantly higher in patients from the 
severe group at admission (p < 0.0001). In addi-
tion, CRP levels of discharged patients in both 
the non-severe group (p < 0.0001) and severe 
group (p < 0.0001) were significantly lower than 
those at admission (Tables 3–5). Therefore, we 
performed the correlation analyses between CRP 
and leukocyte counts (Table 7).
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Table 5.  Comparison of the levels of LDH, CRP, and leukocyte counts of COVID-19 pneumonia patients at 
admission and discharge.

Variables At admission At discharge p value

CD3+ lymphocytes, ×106/l

Total 857.17 (480.40) 1279.10 (504.71) <0.0001****
Non-severe 899.72 (424.50) 1342.67 (493.06) <0.0001****
Severe 585.74 (690.52) 938.79 (429.62) <0.0001****

CD4+CD3+ lymphocytes, ×106/l
Total 503.82 (268.48) 767.93 (329.01) <0.0001****
Non-severe 535.41 (265.67) 810.72 (321.02) <0.0001****
Severe 302.28 (187.94) 530.61 (269.47) <0.0001****

CD8+CD3+ lymphocytes, ×106/l
Total 321.04 (271.18) 441.36 (200.65) <0.0001****
non-severe 331.07 (185.65) 455.71 (198.07) <0.0001****
Severe 258.26 (564.68) 357.58 (198.21) <0.0001****

CD4+/CD8+
Total 1.89 (1.04) 2.00 (1.01) 0.0024**
Non-severe 1.88 (1.04) 2.02 (0.96) 0.0005***
Severe 1.92 (1.07) 1.87 (1.27) 0.7499
NLR
Total 3.61 (4.45) 2.16 (1.84) <0.0001****
Non-severe 2.93 (1.80) 1.99 (1.04) <0.0001****
Severe 7.90 (10.20) 3.28 (4.17) <0.0001****

Neutrophil count, ×109/l

Total 3.56 (2.07) 3.39 (1.39) 0.8363
Non-severe 3.34 (1.43) 3.35 (1.25) 0.4558
Severe 4.96 (4.06) 3.68 (2.09) 0.2362

TLC, ×109/l
Total 1.28 (0.61) 1.78 (0.59) <0.0001****
Non-severe 1.34 (0.57) 1.84 (0.59) <0.0001****
Severe 0.95 (0.75) 1.44 (0.48) <0.0001****
LDH, U/l
Total 251.06 (102.60) 212.90 (58.50) <0.0001****
Non-severe 233.51 (77.26) 205.84 (49.31) <0.0001****
Severe 361.18 (159.59) 260.03 (87.35) <0.0001****
CRP, mg/l
Total 20.17 (25.89) 1.82 (5.82) <0.0001****
Non-severe 16.88 (21.50) 1.33 (2.57) <0.0001****
Severe 41.84 (19.14) 5.02 (14.27) <0.0001****

Data was presented as mean (SD).
**p < 0.01, ***p < 0.001, and ****p < 0.0001.
C3, complement 3; C4, complement 4; CD4+/CD8+, the ratio of CD4+ lymphocyte counts to CD8+ lymphocyte counts; 
COVID-19, coronavirus disease 2019; CRP, C-reactive protein; Ig, immunoglobulin; LDH, lactate dehydrogenase; NLR, 
neutrophil to lymphocyte ratio; TLC, total lymphocyte count.
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Table 6.  Correlation between the levels of LDH and leukocyte counts in patients with COVID-19 pneumonia.

Variables At admission At discharge

  r p r p

CD3+ lymphocytes, ×106/l

Total –0.4424 <0.0001**** –0.2113 0.0020**

Non-severe –0.3543 <0.0001**** –0.2108 0.0045**

Severe –0.5787 <0.0001**** 0.1945 0.2861

CD4+CD3+ lymphocytes, ×106/l

Total –0.4121 <0.0001**** –0.2139 0.0017**

Non-severe –0.3128 <0.0001**** –0.2106 0.0044**

Severe –0.5624 <0.0001**** 0.1943 0.2866

CD8+CD3+ lymphocytes, ×106/l

Total –0.3910 <0.0001**** –0.2148 0.0018**

Non-severe –0.3054 <0.0001**** –0.1978 0.0079**

Severe –0.5319 <0.0001**** –0.1195 0.5370

NLR

Total 0.3972 <0.0001**** 0.2557 <0.0001****

Non-severe 0.2835 <0.0001**** 0.2260 0.0001***

Severe 0.6588 <0.0001**** 0.2525 0.0868

Neutrophil count, ×109/l

Total 0.1673 0.0013** 0.1459 0.0057**

Non-severe 0.0741 0.1878 0.1414 0.0125*

Severe 0.5454 <0.0001**** 0.2619 0.0753

TLC, ×109/l

Total –0.3996 <0.0001**** –0.1921 0.0003***

Non-severe –0.3161 <0.0001**** –0.1394 0.0139*

Severe –0.4688 <0.0001**** –0.1496 0.3154

CRP, mg/l

Total 0.5966 <0.0001**** 0.2669 <0.0001****

Non-severe 0.5393 <0.0001**** 0.2459 <0.0001****

Severe 0.5898 <0.0001**** 0.3560 0.0223*

*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
C3, complement 3; C4, complement 4; CD4+/CD8+, the ratio of CD4+ lymphocyte counts to CD8+ lymphocyte counts; 
COVID-19, coronavirus disease 2019; CRP, C-reactive protein; Ig, immunoglobulin; LDH, lactate dehydrogenase; NLR, 
neutrophil-to-lymphocyte ratio; r, correlation coefficient; TLC, total lymphocyte count.
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Table 7.  Correlation between the levels of CRP and leukocyte counts in patients with COVID-19 pneumonia.

Variables At admission At discharge

  r p r p

CD3+ lymphocytes, ×106/l

Total –0.5000 <0.0001**** –0.2830 0.0002***

Non-severe –0.4333 <0.0001**** –0.2619 0.0018**

Severe –0.5844 0.0001*** –0.3043 0.1307

CD4+CD3+ lymphocytes, ×106/l

Total –0.4749 <0.0001**** –0.2283 0.0031**

Non-severe –0.4063 <0.0001**** –0.2102 0.0127*

Severe –0.5265 0.0004*** –0.2237 0.2721

CD8+CD3+ lymphocytes, ×106/l

Total –0.4391 <0.0001**** –0.3202 <0.0001****

Non-severe –0.3688 <0.0001**** –0.2583 0.0022**

Severe –0.6187 <0.0001**** –0.5290 0.0094**

NLR

Total 0.4599 <0.0001**** 0.2803 <0.0001****

Non-severe 0.3627 <0.0001**** 0.2487 <0.0001****

Severe 0.3778 <0.0001**** 0.4482 <0.0001****

Neutrophil count, ×109/l

Total 0.1800 0.0014** 0.0083 0.8848

Non-severe 0.1256 0.0391* 0.0030 0.9612

Severe 0.3627 0.0198* 0.0816 0.6121

TLC, ×109/l

Total –0.4516 <0.0001**** –0.3251 <0.0001****

Non-severe –0.3840 <0.0001**** –0.2777 <0.0001****

Severe –0.5448 0.0002*** –0.5748 0.0001***

*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
C3, complement 3; C4, complement 4; CD4+/CD8+, the ratio of CD4+ lymphocyte counts to CD8+ lymphocyte counts; 
COVID-19, coronavirus disease 2019; CRP, C-reactive protein; Ig, immunoglobulin; NLR, neutrophil to lymphocyte ratio;  
r, correlation coefficient; TLC, total lymphocyte count.

At admission, CD3+, CD4+, and CD8+ lym-
phocyte counts and TLC were negatively corre-
lated with CRP level in both non-severe group 
(CD3+: p < 0.0001; CD4+: p < 0.0001; CD8+: 

p < 0.0001; TLC: p < 0.0001) and severe group 
(CD3+: p = 0.0001; CD4+: p = 0.0004; CD8+: 
p < 0.0001; TLC: p = 0.0002). Neutrophil count 
and NLR were positively correlated with CRP 
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Table 8.  Correlation between the levels of CRP, LDH, and complement in 
patients with COVID-19 pneumonia at admission.

Variables LDH CRP

  r p r p

C3, g/l

Total 0.0857 0.1206 0.2177 0.0003***

Non-severe 0.1590 0.0073** 0.2934 <0.0001****

Severe 0.0628 0.6821 0.0919 0.5995

C4, g/l

Total 0.2758 <0.0001**** 0.2128 0.0005***

Non-severe 0.3703 <0.0001**** 0.2705 <0.0001****

Severe –0.0258 0.8709 0.0474 0.7932

*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
C3, complement 3; C4, complement 4; COVID-19, coronavirus disease 2019; CRP, 
C-reactive protein; LDH, lactate dehydrogenase; r, correlation coefficient.

in the non-severe group at admission. However, 
we failed to find any correlation between comple-
ment and LDH level in the severe group (Table 8).

In the non-severe group, levels of C3 and C4 were 
positively correlated with CRP level (C3: 
p < 0.0001; C4: p < 0.0001) at admission, while 
we failed to find any correlation between comple-
ment and CRP level in the severe group (Table 8).

Discussion
In this retrospective study, 373 patients with lab-
oratory-confirmed COVID-19 from Shanghai 
and Putian were enrolled, including 8 mild 
patients, 314 moderate patients, 33 severe 
patients, and 18 critical patients. Immunological 
variables and markers for severity of the disease 
were analyzed, such as CRP and LDH. This is 
the first study to reveal the dynamic changes of 
immunological variables during hospitalization 
and their significant correlation with CRP and 
LDH at admission and at discharge.

By comparing CRP, LDH, lymphocyte and sub-
types, neutrophil count, and NLR at admission 
with the same variables at discharge, LDH and 
CRP levels were shown to be significantly higher 
upon admission to hospital and declined at dis-
charge, in concert with the previous studies.11,12  
In contrast, lymphocytes and subtypes were 
decreased at admission, and increased at dis-
charge. Neutrophils relatively, but not signifi-
cantly, decreased at discharge compared with 
neutrophils at admission in severe and critical 
patients. However, in mild and moderate patients 
there is no obvious change. NLR, a useful infec-
tion biomarker, has been proved to be evidently 
related to the diagnosis of bacteremia and virus 
infection.13 In COVID-19 patients of both the 
severe and non-severe groups, NLR was increased 
remarkably at admission and declined at dis-
charge. Compared with the non-severe group at 
admission, neutrophil count, CRP, LDH, and 
NLR were significantly higher and counts of lym-
phocytes and subsets were significantly lower in 
the severe group. At discharge, the differences 
remained between non-severe and severe groups, 
except neutrophil count and CRP.

Abnormal changes of CD4+ and CD8+ T cells 
caused CD4/CD8 ratio disturbance, which shows 
immune dysfunction in these patients with 
COVID-19, especially in severe and critical 

level in both the non-severe group (neutrophil 
count: p = 0.0391; NLR: p < 0.0001) and severe 
group (neutrophil count: p = 0.0198; NLR: 
p < 0.0001).

At discharge, CD3+ and CD4+ lymphocyte 
counts were negatively correlated with CRP level in 
the non-severe group (CD3+: p = 0.0018; CD4+: 
p = 0.0127), while we failed to find any correlation 
between them and CRP level in the severe group. 
CD8+ lymphocyte count and TLC were nega-
tively correlated with CRP level in both the non-
severe group (CD8+: p = 0.0022; TLC: p < 0.0001) 
and severe group (CD8+: p = 0.0094; TLC: 
p = 0.0001). NLR was positively correlated with 
CRP level in both the non-severe group (p < 0.0001) 
and severe group (p < 0.0001). However, we failed 
to find any correlation between neutrophil counts 
and CRP level in the severe group.

LDH, CRP, and complement
Correlation analyses indicated CRP levels were 
positively correlated with LDH levels in both the 
non-severe group (p < 0.0001) and severe group 
(p < 0.0001) at admission, and the positive cor-
relation remained at discharge (non-severe group: 
p < 0.0001; severe group: p = 0.0223) (Table 6).

Levels of C3 and C4 were positively correlated 
with LDH level (C3: p = 0.0073; C4: p < 0.0001) 
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patients. Rapid innate immunity is the first bar-
rier against virus attack, releasing different inflam-
matory cytokines, and then the adaptive immunity 
is prepared to respond to the virus appropri-
ately.14 T cells, CD4+, and CD8+ T cells of the 
adaptive immune system play a critical antiviral 
role by balancing the fight against pathogens and 
the risk of causing overwhelming inflammation or 
autoimmunity.15 CD4+ T cells function by pro-
ducing virus-specific antibodies via activating 
T-dependent B cells. CD8+ T cells directly kill 
viral infected cells. Delayed development of the 
adaptive system causes prolonged virus clearance, 
which was common in severe SARS-CoV infec-
tion patients.16 Hence, a decrease of lymphocytes 
and the T cell subgroups could aggravate the 
patients’ condition of COVID-19, which was 
consistent with the low number of TLC and lym-
phocyte subtypes in severe and critical patients.

Zhao et  al. suggested that LDH is the potential 
marker for evaluation of the severity of COVID-
19, since LDH is much higher when compared 
with non-COVID-19 pneumonia.17  Liu et  al. 
found out that CRP and LDH were both highly 
correlated with disease severity and might be 
potential predictors.18 Hence, we applied CRP 
and LDH as markers for severity of COVID-19 in 
this study. To further study the relationship of 
immune dysfunction with severity of the disease, 
we analyzed the correlation of the count of T cells, 
CD4+T cells, CD8+T cells, neutrophils, and 
total lymphocytes, as well as CD4/CD8 ratio, 
NLR with LDH, and CRP at admission and at 
discharge. Interestingly, we observed a significant 
negative correlation of lymphocytes and lympho-
cyte subtypes with LDH and CRP, and a positive 
correlation of NLR with LDH, and CRP at admis-
sion, which has never been proved in other stud-
ies. These findings confirmed that the levels of 
counts of lymphocytes and subtypes and NLR 
could represent the severity of the pneumonia in 
addition to the function of adaptive immunity. 
Lymphopenia is also observed in MERS patients 
with a lower degree compared with SARS 
patients.19 In addition, there have been a few stud-
ies that proved that the decrease of T lymphocytes 
is strongly related with the severity of the acute 
phase of patients affected with SARS, and a T 
lymphocyte subset analysis would help improve 
the early diagnosis of the disease.20,21 During the 
infection, depletion of T cells with antiviral effects 
may prolong the infection and promote viral sur-
vival. Considering lymphopenia and levels of T 

cell subgroups were much lower in severe and 
critical patients, with relatively longer hospitaliza-
tion days, numbers of total lymphocytes, T cells, 
CD4+, and CD8+ T cells, NLR might suggest a 
prognosis of COVID-19 patients, which still needs 
to be further confirmed. However, we failed to 
find significant correlations of the TLC and the 
subsets with LDH in the severe group at dis-
charge. As a result, lymphocyte subtypes might be 
suitable to evaluate the severity of the disease for 
severe and critical patients at admission but may 
not be applicable at discharge.  This could be the 
result of a longer recovery time of the adaptive 
immunity of the severe group compared with the 
non-severe group.

In addition to the adaptive immune system, we 
also analyzed immunoglobulins and complement 
proteins of COVID-19 patients, including C3, 
C4, IgM, IgA, and IgG. A report shows that the 
median duration of IgM and IgA detection of 
COVID-19 was 5 days, and IgG was detected 
14 days after symptom onset.22 As a result, there 
was no difference of immunoglobulins between 
non-severe and severe groups at admission in our 
study. The complement system plays an antiviral 
role in the host immune response to CoV infection 
by providing a way for the innate immune system 
to detect and respond to pathogens.23 Levels of 
C3 and C4 were lower in the severe group com-
pared with the non-severe group at admission, 
which could explain for the severe and critical 
patients’ severity. Since there was no significant 
difference in immunoglobulins between severe 
and non-severe groups, we only analyzed the cor-
relation of C3 and C4 with LDH and CRP. In our 
research, there were positive significant correla-
tions between C3 and C4, and LDH and CRP, in 
mild and moderate patients at admission, but not 
in the severe group.  The results suggest that com-
plement systems might be seriously damaged in 
severe and critical patients, which caused the 
lower production of the complement proteins. 
Hence, there was no significant correlation of C3 
and C4 with LDH or CRP.

This study has several limitations. Although this 
research involves 373 patients, there were only 51 
patients in the severe group, which might cause 
some potential bias. It would be better if more 
severe and critical COVID-19 patients were 
included. Despite that, out research demonstrated 
that adaptive immunity was hampered in COVID-
19 patients, especially in severe and critical 
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patients. Levels of lymphocytes, T cells, CD4+, 
and CD8+ T cells negatively correlate with the 
severity of this disease marked by LDH and CRP. 
Level of NLR is positively correlated with LDH 
and CRP. Monitoring NLR, T lymphocytes, and 
subset analysis would help identify the severity of 
pneumonia and assist physicians with proper 
diagnosis and treatment of COVID-19.
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