
Acc
ep

te
d 

M
an

us
cr

ipt

 

© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society of America. All rights reserved. For 
permissions, e-mail: journals.permissions@oup.com. 

Characteristics of peripheral lymphocyte subset alteration 

in COVID-19 pneumonia 

 

Fan Wang1,*, Jiayan Nie1,*, Haizhou Wang1,*, Qiu Zhao1, Yong Xiong2, Liping Deng2, Shihui 

Song2, Zhiyong Ma2, Pingzheng Mo2, Yongxi Zhang2 

 

1Department of Gastroenterology, Zhongnan Hospital of Wuhan University, Wuhan 

430071, China 

2Department of Infectious Diseases, Zhongnan Hospital of Wuhan University, Wuhan 

430071, China 

 

* These authors contributed equally to this study. 

# Correspondence to: Pingzheng Mo and Yongxi Zhang, Department of Infectious 

Diseases, Zhongnan Hospital of Wuhan University, Wuhan 430071, China. Email: 

zn001432@whu.edu.cn; 13871500289@163.com 

 

 

Brief summary 

Peripheral lymphocyte subset alteration showed an obvious association with the clinical 

characteristics of COVID-19, especially in the disease severity assessment and treatment 

efficacy prediction, which could indicate physicians to provide timely intervention. 
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Abstract 

Background: Since December 2019, novel coronavirus (SARS-CoV-2)-infected pneumonia 

(COVID-19) occurred in Wuhan, and rapidly spread throughout China. We aimed to 

clarify the characteristics and clinical significance of peripheral lymphocyte subset 

alteration in COVID-19. 

Methods: The levels of peripheral lymphocyte subsets were measured by flow cytometry 

in 60 hospitalized COVID-19 patients before and after treatment, and their association 

with clinical characteristics and treatment efficacy was analyzed. 

Results: Total lymphocytes, CD4+ T cells, CD8+ T cells, B cells and natural killer (NK) cells 

decreased in COVID-19 patients, and severe cases had a lower level than mild cases. The 

subsets showed a significant association with the inflammatory status in COVID-19, 

especially CD8+ T cells and CD4+/CD8+ ratio. After treatment, 37 patients (67%) reached 

clinical response, with an increase of CD8+ T cells and B cells. No significant change of any 

subset was detected in non-response cases. In multivariate analysis, post-treatment 

decrease of CD8+ T cells and B cells and increase of CD4+/CD8+ ratio were indicated as 

independent predictors for poor efficacy. 

Conclusions: Peripheral lymphocyte subset alteration was associated with the clinical 

characteristics and treatment efficacy of COVID-19. CD8+ T cells tended to be an 

independent predictor for COVID-19 severity and treatment efficacy. 

Key words: COVID-19; pneumonia; lymphocyte subset 
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Introduction 

Since early December 2019, several cases of pneumonia of unknown origins were reported 

in Wuhan, Hubei Province, China [1,2]. Shortly, the disease spread throughout China. By 

genome-wide sequencing in samples of bronchoalveolar lavage fluid, the pathogen was 

confirmed to be a distinct clade from the β-coronavirus associated with human severe 

acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) [3]. 

The novel virus was officially named SARS-CoV-2, with the disease termed COVID-19 [4]. 

 Lymphocytes and the subsets of CD4+ T cells, CD8+ T cells, B cells and natural killer 

(NK) cells played an important role in the maintenance of immune system function. After 

virus infection, alteration of total lymphocytes and the subsets varied from the virus types, 

indicating a potential association between lymphocyte subset alteration and viral 

pathogenic mechanism [5]. Recent studies indicated an obvious decrease of peripheral 

lymphocytes in COVID-19 patients, but alteration of the subsets was still unknown [6,7]. 

In this study, we aimed to clarify the characteristics and clinical significance of peripheral 

lymphocyte subset alteration in COVID-19, which might help elucidate the pathogenesis 

and develop novel biomarkers and therapeutic strategies for COVID-19. 

 

Methods 

Study population 

We enrolled a total of 60 patients with COVID-19, which was confirmed by detecting 

SARS-CoV-2 RNA in throat swab samples using a SARS-CoV-2 nucleic acid detection kit 

according to the manufacturer’s protocol (Shanghai BioGerm Medical Biotechnology 

Co.,Ltd). All these patients were initially admitted to Zhongnan Hospital of Wuhan 

University from January 7th to February 14th. In addition, we had previously tested 245 

healthy blood donors to establish inter-laboratory reference ranges for various parameters. 

These reference values were used as data for healthy controls (HCs) in this study. 

This study was approved by the ethics committee of Zhongnan Hospital of Wuhan 

University (No. 2020011). Written informed consent was obtained from patients. 
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Data collection 

The following information of each patient was extracted from electronic medical records: 

age, gender, medical history, symptoms, severity assessment on admission, laboratory 

findings, chest CT or X-ray findings, treatment and efficacy. On admission, severe illness 

was defined according to the following criteria: (i) breathing rate ≥30 times/min; (ii) pulse 

oximeter oxygen saturation (SpO2) ≤93% at rest; (iii) ration of partial pressure of arterial 

oxygen (PaO2) to fraction of inspired oxygen (FiO2) ≤300 mmHg. After one-week treatment, 

clinical response was defined according to the following criteria: (i) symptom alleviation 

(eg. fever, cough, chest distress and breathe shortness); (ii) improvement in radiological 

abnormalities on chest CT or X-ray. Otherwise, it was classified as non-response. 

 

Flow cytometry 

2-mL samples of EDTA anti-coagulated peripheral blood were collected from patients with 

COVID-19 before initial treatment, and the patients were re-tested after one-week 

treatment. All samples were tested within 6 h after being obtained. Briefly, 

CD3+/CD4+/CD8+ T-cell, CD19+ B-cell, and CD16+CD56+ NK-cell counts (cells/μL) were 

measured by multiple-color flow cytometry with human monoclonal anti-CD3-FITC, 

anti-CD4-PE, anti-CD8-APC, anti-CD19-PE, anti-CD16-APC, and anti-CD56-PE antibodies 

(BD Multitest, San Jose, CA) according to the manufacturer’s instructions. The cells were 

analyzed on a BD FACS Canto II flow cytometry system (BD Biosciences, San Jose, CA). 

 

Statistical analysis 

Categorical data were described as percentages, and continuous data as median with 

interquartile range (IQR). Nonparametric comparative test for continuous data was used 

to compare variables between groups. Multivariate analysis was conducted to identify 

independent predictors of lymphocyte subsets for the treatment efficacy in COVID-19. 

Receiver operating characteristic (ROC) curve analysis was conducted to evaluate the 

ability of lymphocyte subsets in predicting treatment efficacy. Bootstrap test was used to 

compare two correlated ROC curves. All statistical analyses were performed using SPSS 
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Statistics version 21.0 software. P<0.05 was considered statistically significant. 

 

Results 

Baseline characteristics of 60 COVID-19 patients 

Sixty COVID-19 patients were included into this study (Table 1). The median age was 60 

(IQR: 38-66), and 22 patients (37%) were male. Hypertension (15%) and diabetes (10%) 

were the most common comorbidities. Fever (70%), cough (48%) and breath shortness 

(32%) were the most common symptoms. According to CT or X-ray findings, 40 patients 

(67%) showed bilateral pneumonia. In blood test, leukocytes, neutrophils and platelets 

were below the normal range in 17 (32%), 11 (21%) and 11 (21%) patients, and above the 

normal range in 6 (11%), 7 (13%) and 1 (2%) patients. Lymphocytes were below the normal 

range in 38 patients (72%). 

 

Peripheral lymphocyte subset alteration in COVID-19 

We initially analyzed the levels of lymphocyte subsets by flow cytometry in whole blood. 

Compared to HCs, COVID-19 patients had a significant decrease of total lymphocytes 

(P<0.0001), CD4+ T cells (P<0.0001), CD8+ T cells (P<0.0001), B cells (P=0.0003), and NK 

cells (P<0.0001) (Figure 1). No significant difference was observed in CD4+/CD8+ ratio 

(P=0.603). 

 

Lymphocyte subset levels and COVID-19 severity 

Nineteen patients (32%) were categorized into serious illness on admission. Compared to 

mild patients, severe cases had a significant decrease of total lymphocytes (P=0.0007), 

CD4+ T cells (P=0.024), CD8+ T cells (P=0.005), and B cells (P=0.018) (Figure 2). No 

significant difference was observed in CD4+/CD8+ ratio (P=0.392) and NK cells (P=0.177). 

 

Lymphocyte subset levels and inflammatory status 

Inflammatory indicators of ESR, CRP and IL-6 were abnormal in 36 (71%), 34 (72%) and 30 

(70%) patients on admission. Total lymphocytes and CD4+ T cells were negatively 
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correlated with ESR (P=0.037 and P=0.011). CD8+ T cells were negatively correlated with 

ESR (P<0.0001), CRP (P=0.001) and IL-6 (P=0.005) (Figure 3). CD4+/CD8+ ratio was 

positively correlated with ESR (P=0.035), CRP (P=0.002) and IL-6 (P=0.003). B cells showed 

no significant correlation with ESR (P=0.778), CRP (P=0.945) or IL-6 (P=0.661). NK cells 

were negatively correlated with IL-6 (P=0.049). 

 

Post-treatment lymphocyte subset alteration and clinical efficacy 

After hospitalization, 28 patients (47%) were treated with oxygen inhalation, 27 (45%) with 

intravenous corticosteroid, 41 (68%) with antiviral treatment, and 23 (38%) with immune 

enhancer. The most common antiviral treatment was arbidol administration (37%) and 

interferon inhalation (32%), and 50% patients received more than one antiviral regimen. In 

immune enhancing treatment, 32% and 10% patients received thymalfasin and 

immunoglobulin respectively. 

After one-week treatment, 37 patients (67%) reached clinical response, and 18 (33%) 

with non-response. In responders, total lymphocytes (P<0.0001), CD8+ T cells (P<0.0001) 

and B cells (P=0.026) increased significantly after treatment, and no significant change was 

detected in CD4+ T cells, CD4+/CD8+ ratio and NK cells (P>0.05) (Figure 4). In 

non-responders, no significant change was detected in any lymphocyte subsets (P>0.05). 

Comparatively, corticosteroid treatment increased total lymphocytes significantly, while 

antiviral treatment increased total lymphocytes, CD4+ T cells, CD8+ T cells and and B cells 

significantly (not listed). Immune enhancer had no obvious improvement in any subsets 

(not listed). 

In multivariate analysis, post-treatment decrease of CD8+ T cells (P=0.011) and B cell 

(P=0.010) and increase of CD4+/CD8+ ratio (P=0.032) indicated a poor efficacy when 

considering the factors of age, sex, disease severity on admission, oxygen inhalation, 

antiviral treatment, and use of corticosteroid and immune enhancer (Table 2). 

 

ROC curve analysis 

ROC curve analysis was conducted to evaluate the ability of post-treatment alteration of 
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peripheral lymphocyte subsets in predicting treatment efficacy (Figure 5). The area under 

ROC curve (AUC) was 0.738 (95% confidence interval (CI): 0.586-0.890) for CD8+ T cell 

decrease, 0.605 (95% CI: 0.441-0.769) for CD4+/CD8+ ratio increase, 0.600 (95% CI: 

0.434-0.765) for B cell decrease, and 0.781 (95% CI: 0.638-0.923) for the integrated indicator. 

Bootstrap test indicated a higher predictive accuracy of the integrated indicator than the 

alteration of CD8+ T cells, B cells, CD4+/CD8+ ratio or total lymphocytes (P<0.05). 

 

Discussion 

Since December 2019, COVID-19 occurred in Wuhan, and rapidly spread throughout 

China. As with MERS-Cov and SARS-Cov, SARS-CoV-2 was also the member of 

coronavirus family and belonged to β-coronavirus [8]. Infection by these coronavirus 

could cause sustained responses of cytokines and chemokines (namely cytokine storm) 

leading to a high incidence of immune disorders and mortality [9]. 

Lymphocytes and the subsets played an important role in the maintenance of immune 

system function. As with immune diseases and other infectious disease, virus infection 

could also lead to dysregulation in the levels of lymphocyte subsets [10,11]. Cellular 

surface antibodies of CD3+, CD4+, CD8+, CD16+, CD19+ and CD56+ marked the 

lymphocytes of T-helper cells (CD3+CD4+) and cytotoxic T cells (CD3+CD8+), B cells 

(CD19+) and NK cells (CD16+CD56+). These cells were involved into the humoral and 

cytotoxic immunity against viral infection. Thus, it was important to clarify the 

characteristics of lymphocyte subsets in COVID-19, which could provide novel insights to 

explore the immune mechanism.  

 In our study, lymphopenia was common in the patients with COVID-19 (72%), 

indicating an impairment of immune system during the course of SARS-CoV-2 infection. 

In addition, decreases of CD4+ T cells, CD8+ T cells, B cells and NK cells were also 

observed in the COVID-19 patients. These alterations were also found in the pneumonia 

caused by MERS-Cov and SARS-Cov [12]. In Cui et al study about SARS, the incidence 

was 84% for lymphopenia, 100% for CD4+ T cell decrease, 87% for CD8+ T cell decrease, 76% 

for B cell decrease and 55% for NK cell decrease [13]. In Assiri et al study about MERS, 
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lymphopenia occurred in 34% patients [14]. Lymphopenia might be caused by virus attach 

or indirectly by immune injuries from inflammatory mediators. Moreover, exudation of 

circulating lymphocytes into the inflammatory lung tissues might also lead to 

lymphopenia. 

 Among COVID-19 patients, severe cases had a lower level of total lymphocytes, CD4+ 

T cells, CD8+ T cells and B cells than mild cases, which was similar to the alteration in 

SARS [15,16]. CD8+ T cell levels were negatively correlated with inflammatory indicators 

of ESR, CRP and IL-6, while CD4+/CD8+ ratio was positively correlated. Total lymphocyte 

and CD4+ T cell levels were negatively associated with ESR, and NK cells were negatively 

correlated with IL-6. These findings indicated a more obvious change of CD8+ T cells after 

SARS-CoV-2 infection. Thus, we thought lymphocytes and the subsets especially CD8+ T 

cells might be a potential predictor for disease severity and clinical efficacy in COVID-19. 

 After one-week treatment, response cases had a significant increase of total 

lymphocytes, CD8+ T cells and B cells, but non-responses cases had no significant change 

in any lymphocyte subsets. However, these findings might be confounded by therapeutic 

factors. First, the lympholytic effects of corticosteroid could reduce the lymphocytes 

directly [17]. For the patients with corticosteroid treatment, the recovery of lymphocyte 

population might be weakened by the lympholytic effects of corticosteroid. Thus, we 

conducted a multivariate analysis to evaluate the effects of these potential confounders, 

and identified post-treatment decrease of CD8+ T cells and B cells and increase of 

CD4+/CD8+ ratio as independent predictors for poor clinical efficacy, especially CD8+ T 

cells. Moreover, we also found that corticosteroid treatment increased total lymphocytes 

significantly in comparison to the patients without corticosteroid treatment. We thought 

the anti-inflammatory effects of corticosteroid contributed to the post-treatment increase 

of lymphocytes, which overweighed the lympholytic effects of corticosteroid. 

Importantly, CD8+ T cells played a critical role in mediating viral clearance after acute 

respiratory infections of respiratory syncytial virus (RSV), influenza A virus (IAV) and 

human metapneumovirus (HMPV) [18,19]. In animal experiment, the transfer of RSV- or 

IAV- immune CD8+ T cells into athymic mice could significantly reduce viral titers [20,21]. 
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Together, cytotoxic immunity was involved into antiviral process, and the recovery of 

cytotoxic immune function might be a reliable indicator of infection alleviation. In 

combination with our findings, we thought CD8+ T cells tended to be an independent 

predictor for COVID-19 severity and treatment efficacy. 

 In conclusion, peripheral lymphocyte subset alteration showed an obvious association 

with the clinical characteristics of COVID-19. CD8+ T cells tended to be an independent 

predictor for COVID-19 severity and treatment efficacy. These findings might help 

elucidate the pathogenesis and develop novel biomarkers and therapeutic strategies for 

COVID-19. 

 

Table legends: 

Table 1. Clinical characteristics of 60 patients with COVID-19 pneumonia. 

Table 2. Multivariate analysis of post-treatment alteration of peripheral lymphocyte 

subsets and clinical efficacy in patients with COVID-19 pneumonia. 

 

Figure legends: 

Figure 1. Comparison of peripheral lymphocyte subsets between COVID-19 pneumonia 

and healthy controls. *, P<0.05; **, P<0.01; ***, P<0.001; ns, not significant. 

Figure 2. Peripheral lymphocyte subset levels and disease severity in COVID-19 

pneumonia. *, P<0.05; **, P<0.01; ***, P<0.001; ns, not significant. 

Figure 3. Correlation analysis of peripheral lymphocyte subset levels and inflammatory 

indicator levels in COVID-19 pneumonia. ESR, erythrocyte sedimentation rate; CRP, 

C-reactive protein; IL-6, interleukin-6; *, P<0.05; **, P<0.01; ***, P<0.001; ns, not significant. 

Figure 4. Peripheral lymphocyte subset alteration in clinical response and non-response 

patients with COVID-19 pneumonia after one-week treatment. *, P<0.05; **, P<0.01; ***, 

P<0.001; ns, not significant. 

Figure 5. Receiver operating characteristic (ROC) curve analysis of post-treatment 

alteration of peripheral lymphocyte subsets in predicting clinical efficacy in COVID-19 

pneumonia. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Table 1. Clinical characteristics of 60 patients with COVID-19 pneumonia. 

  
No. (%) or median 

(IQR) 
Normal range 

Age, years 60 (38-66) - 

Male 22 (37) - 

Comorbidities 
  

  Hypertension 9 (15) - 

  Diabetes 6 (10) - 

  Heart diseases 1 (2) - 

Symptoms 
  

  Fever 42 (70) - 

  Cough 29 (48) - 

  Breath shortness 19 (32) - 

  Myalgia 8 (13) - 

Bilateral lung distribution 40 (67) - 

Severe illness on admission 19 (32) - 

Blood routine 
  

  Leukocyte, ×109/L) 4.2 (3.3-5.9) 3.5-9.5 

  Neutrophil, ×109/L 2.8 (2.2-4.5) 1.8-6.3 

  Lymphocyte, ×109/L 0.8 (0.6-1.2) 1.1-3.2 

  Platelet, ×109/L 186 (131-225) 125-350 

Inflammatory indicators 
  

  ESR, mm/h  24 (11-41) 0-15 

  C-reactive protein, mg/L  26 (9-67) 0-10 

  Interleukin-6, pg/mL 13 (6-29) 0-7 

Treatment 
  

  Oxygen inhalation 28 (47) - 

  Corticosteroid 27 (45) - 

  Antiviral treatment 41 (68) - 

    Arbidol 22 (37) - 

    Darunavir and cobicistat 14 (23) - 

    Lopinavir and ritonavir 10 (17) - 

    Remdesivir 9 (15) - 

    Ribavirin 6 (10) - 

    Interferon inhalation 19 (32) - 

  Immune enhancer 23 (38) - 

    Thymalfasin 19 (32) - 

    Immunoglobulin 6 (10) - 
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No., number; IQR, interquartile range; ESR, erythrocyte sedimentation rate; COVID-19, 

coronavirus disease 2019. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article-abstract/doi/10.1093/infdis/jiaa150/5813618 by U

niversita' C
am

pus Biom
edico user on 07 April 2020



Acc
ep

te
d 

M
an

us
cr

ipt

 

 

Table 2. Multivariate analysis of post-treatment alteration of peripheral lymphocyte 

subsets and clinical efficacy in patients with COVID-19 pneumonia. 

Post-treatment alteration No. (%) 
Multivariate analysis* 

P value Odds ratio 95% confidence interval 

Total lymphocyte decrease 17 (36) 0.071  0.113  0.011-1.209 

CD3+CD4+ T cell decrease 16 (29) 0.056  0.157  0.024-1.047 

CD3+CD8+ T cell decrease 16 (29) 0.011  0.056  0.006-0.516 

CD4+/CD8+ ratio increase 30 (56) 0.032  0.099  0.012-0.821 

CD19+ B cell decrease 14 (25) 0.010  0.033  0.002-0.439 

CD16+CD56+ NK cell decrease 32 (59) 0.190  0.310  0.054-1.787 

*Adjusted by age, sex, disease severity on admission, oxygen inhalation, antiviral 

treatment, and use of corticosteroid and immune enhancer. 

COVID-19, coronavirus disease 2019; No., number. 
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