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A B S T R A C T   

To discover immune factors that can predict the progression of COVID-19, we evaluated circulating immune cells 
and plasma cytokines in COVID-19 patients. We found that T cells, including CD4+ T cells and CD8+ T cells, 
were significantly decreased in severe COVID-19 symptoms but not in mild symptoms, in comparison with 
healthy people. T cells remained at a low level after recovery from severe COVID-19. CD4+CD25+CD127low 

Treg-enriched cells were significantly increased in either mild or severe COVID-19 patients, regardless of re-
covery or not. Moreover, in either mild or severe COVID-19 patients, Treg-enriched cells up-regulated CD25 and 
down-regulated CD127. After recovery, CD25 was partially down-regulated but still higher than the normal 
level, while CD127 returned to the normal level in mild patients but not severe patients. B cells were decreased 
in mild patients and further decreased in severe patients, and remained low after recovery. NK cells were de-
creased only in severe COVID-19, with a tendency to return to the normal level after recovery. Plasma IL-6 and 
IL-10 were both elevated in severe patients but not in mild patients. After recovery, IL-6 remained higher than its 
normal level, while IL-10 returned to the normal level. Binary logistic regression analysis indicated that CD4+ T 
cells, B cells, IL-6, and IL-10 were significantly associated with COVID-19 severity. Therefore, these parameters 
are indicators of COVID-19 severity. Dynamic monitoring of these parameters would benefit therapy planning 
and prognosis evaluation.   

1. Introduction 

Characterizing the pathophysiological changes and immune reac-
tions during COVID-19 progression is important for designing effica-
cious therapies. Current evidence suggests that the causative agent of 
COVID-19, i.e. the novel severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), triggers pulmonary recruitment of immune cells, pro-
duction of immune complexes, and subsequent damage of infected 
tissues [1]. Lymphopenia and increased neutrophil-lymphocyte ratio 
were observed in the peripheral blood of COVID-19 patients [2]. 
Meanwhile, pro-inflammatory cytokines such as IL-1β, IL-6, IFN-γ, 
MCP-1, MIP-1A, and TNF-α were elevated in the blood plasma of 
COVID-19 patients [3–5]. These pro-inflammatory cytokines causes the 
cytokine storm that triggers severe inflammation, prevents ga-
s exchange, and even leads to death. 

Besides, previous studies have indicated that immune cells undergo 

noticeable functional changes after SARS-CoV-2 infection. Increased 
blood CD14+CD16+ inflammatory monocytes were found in patients 
with severe symptoms [6]. In addition, it has been suggested that ele-
vated exhaustion levels and reduced functional diversity of T cells in 
peripheral blood may predict the severe progression of COVID-19 [7]. 
Interestingly, SARS-CoV-2 spike glycoprotein (S)-reactive CD4+ T cells 
are present in 83% of COVID-19 patients but also in 35% of healthy 
people [8]. The function of NK and CD8+ T cells was exhausted in 
COVID-19 patients [9]. However, whether these changes are sig-
nificantly associated with the severity of COVID-19 is not clear. To 
design effective therapy for COVID-19, it is important to find the cel-
lular or humoral factors that can predict the severity of COVID-19. In 
this study, we comprehensively quantified circulating immune cells and 
plasma cytokines in COVID-19 patients in Guangzhou, China, aiming to 
find the factors most relevant to COVID-19severity. Our data suggest 
that CD4+ T cells, B cells, IL-6, and IL-10 are predictors of COVID-19 
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severity. 

2. Materials and methods 

2.1. Patients 

This investigation was approved by the Ethics Committee of 
Guangzhou Eighth People’s Hospital. From late February to late April 
2020, COVID-19 patients who had mild/moderate or severe symptoms 
were recruited in the study. The diagnosis was made according to 
standard criteria in the New Coronavirus Pneumonia Diagnosis and 
Treatment Plan (trial version 6) published by the National Health 
Committee of the People's Republic of China. The diagnosis was further 
substantiated by the throat swab test using the standard SARS-CoV-2 
nuclear acid test kit. Patients were divided into 4 groups: (1) Mild 
group: 80 patients with mild or moderate symptoms such as fever, 
pneumonia on chest CT scan, and respiratory tract symptoms. 
Respiratory rate > 30 beats/min, or mean oxygen saturation < 93%. 
(2) Severe group: 22 patients with any of the following symptoms: re-
spiratory rate  >  30 beats/min, the ratio of PaO2 to FiO2 < 300, 
peripheral capillary oxygen saturation ≤93%, respiratory distress or 
failure demanding ventilation, Shock, combined organ failure, ICU 
admission, pulmonary pathological deterioration. (3) Mild-recovery 
group: 61 patients recovered from mild or moderate COVID-19. (4) 
Severe-recovery group: 6 patients recovered from severe COVID-19. 
The patients, either with mild/moderate or severe symptoms, were 
considered recovered when their body temperature turned normal for 
3 days, respiratory rate < 30 beats/min, mean oxygen saturation >  
93%, no pneumonia on chest CT scans, and SARS-CoV-2 nuclear acid 
testing results became negative twice when sampling at least one day 
apart. Seventy-nine healthy individuals, who had negative SARS-CoV-2 
nucleic acid testing results and no symptoms, were enrolled as healthy 
control. Informed consent was obtained from all patients and healthy 
individuals. The basic demographic data of the patients and control 
subjects are shown in Table 1. 

2.2. Sample collection 

On the day of hospital admission, 2–4 ml of venous blood was 
collected from each patient by venipuncture. The same amount of ve-
nous blood was collected one day after recovery. The venipuncture was 
performed once at a time. The An XN-A1 automatic blood analyzer 
(Sysmex) was used to count leukocytes, lymphocytes, and neutrophils. 

2.3. Flow cytometry analysis 

To quantify leukocyte populations, erythrocytes were first lysed by 
resuspending 100 µl of whole blood in ten volumes of Red Blood Cell 
(RBC) Lysis Buffer (Thermo Fisher) at room temperature for 5 min. Cells 
were then washed twice with phosphate-buffered saline (PBS), and 
incubated in the Multitest 6-Color TBNK Reagent or Multitest CD3/ 
CD8/CD45/CD4 mix (both from BD Biosciences) following the manu-
facturer’s manuals. After two PBS washes, cells were resuspended in 
500 µl of ice-cold PBS. BD Trucount™ Absolute Counting Tubes, which 
carry known fluorescent beads, were applied as a standard to quantify 
the absolute cell number. 

To evaluate regulatory T cells, blood leukocytes were stained with 
FITC-conjugated CD4 antibody, Violet 450-conjugated CD127 antibody, 
PerCP-Cy5.5-conjugated CD45 antibody, and APC-conjugated CD25 
antibody (5 µg/ml each, BD Biosciences) for 15 min on ice in the dark. 
After two PBS washes, cells were resuspended in 500 µl of ice-cold PBS 
and then loaded on a BD FACSCanto Plus. Single cells were first gated 
between FSC-A and FSC-H. Intact cells were then gated among single 
cells based on FSC-A and SSC-A. Leukocyte populations were dis-
tinguished according to the surface marker staining. The data were 
assessed using the BD FACSDivaTM software. Isotype controls were also 
set to ensure specific staining of antibodies (Supplemental Fig. 1). 

2.4. Cytometric bead array 

The whole blood was centrifuged at 500 × g for 5 min at 4 °C, 
followed by careful collection of blood plasma. Cytokines were mea-
sured using the Human Th1/Th2 Cytokine Kit II (Guangzhou Weimi 
Bio-Tech) following the manufacturer’s instructions. In this assay, six 
bead populations with distinct fluorescence intensities are coated with 
PE-conjugated capture antibodies specific for IL-2, IL-4, IL-6, IL-10, 
TNF-α, and IFN-γ, respectively. Therefore, the fluorescence intensity of 
each bead population, which is detected in the Allophycocyanin 
channel, reveals the identity of each cytokine. The intensity of PE 
fluorescence reveals the concentration of each cytokine. The limits of 
detection are as follows: IL-2 (2.6 pg/ml), IL-4 (4.2 pg/ml), IL-6 
(6.4 pg/ml), IL-10 (2.8 pg/ml), TNF-α (9.1 pg/ml), IFN-γ (6.1 pg/ml). 
Samples were evaluated on the BD FACSCanto Plus and the data were 
analyzed using the FCAP Array Software v3.0. 

2.5. Statistics 

The data were shown as mean  ±  standard deviation and compared 
by GraphPad Prism 6.0. The non-parametric Kruskal-Wallis test or One- 
way ANOVA with post-hoc Tukey HSD test was applied to compare the 
mean differences among groups. To determine independent predictors 
of COVID-19 severity, binary logistic regression analysis was per-
formed. P  <  0.05 was regarded as statistically significant. 

3. Results 

3.1. T cells are reduced in severe COVID-19 patients 

To characterize the immune status of COVID-19 patients, we first 
quantified CD3+ T cells and T cell subsets in the peripheral blood. As 
shown in Fig. 1A and B, in comparison with healthy control, the total T 
cell number in mild COVID-19 patients was normal. However, total T 
cells were decreased in severe COVID-19 patients. T cell number re-
mained low when severe COVID-19 patients recovered. Similarly, the 
proportion of total T cells was decreased in severe COVID-19 patients 
rather than mild COVID-19 patients, and it returned to the normal level 
after recovery (Fig. 1C). Furthermore, the number and proportions of 
CD4+ T cells were not altered in mild COVID-19 patients but re-
markably reduced in severe COVID-19 patients. After recovery from 
severe COVID-19, the number and proportion of CD4+ T cell were still 

Table 1 
Demographics and baseline parameters.         

Control Mild Mild- 
recovery 

Severe Severe- 
recovery  

Age (Mean) 43.4 44.5 44.1 66.2 63.6 
Gender      
Female – no. (%) 39 (49.4) 33 (41.3) 34 (55.7) 12 (54.5) 4 (66.7) 
Male – no. (%) 40 (50.6) 47 (58.7) 27 (44.3) 10 (45.5) 2 (33.3) 
Underlying 

conditions – no. 
(%)      

Hypertension 4 (5.1) 6 (7.5) 2 (3.3) 4 (18.2) 1 (16.7) 
Cardiac disease 1 (1.2) 3 (3.8) 1 (1.6) 3 (13.6) 1 (16.7) 
Renal disease 0 1 (1.3) 0 0 0 
Diabetes mellitus 2 (2.5) 0 0 0 0 
Obesity 1 (1.2) 0 0 3 (13.6) 1 (16.7) 
Pulmonary disease 0 0 0 2 (9.1) 0 
Cancer 0 0 0 0 0 
Compromised 

immune system 
0 0 0 0 0 

Liver disease 0 2 (2.5) 0 1 (4.5) 0 
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reduced (Fig. 1D and E). A similar change of CD8+ T cell number was 
also seen in severe COVID-19 patients, whereas CD8+ T cell proportion 
was not significantly altered in either mild or severe COVID-19 patients 
(Fig. 1F and G). 

3.2. Treg-enriched cells are increased in COVID-19 patients 

Tregs are crucial for immune tolerance and anti-inflammation re-
sponses. To check if Treg number was changed in COVID-19, we ex-
amined circulating CD4+CD25+CD127low cells which are broadly 
considered a Treg-enriched population (Fig. 2A). As indicated in Fig. 2B 
and C, the number and proportion of CD4+CD25+CD127low cells were 
increased in both mild and severe COVID-19 patients, in comparison 
with the control group. No significant difference in the number or 
proportion of CD4+CD25+CD127low cells were seen between mild and 
severe COVID-19 patients. Interestingly, these cells remained at higher 
levels even after recovery. 

To evaluate Treg function, we measured the expression of CD25 (a 
Treg activation marker) and CD127 (a Treg inhibition marker) on the 
surface of CD4+CD25+CD127low cells. We found that CD25 expression 
was remarkably increased in mild COVID-19 patients and further in-
creased in severe COVID-19 patients (Fig. 2D). After recovery, CD25 
expression was partially down-regulated but still higher than the normal 
level (Fig. 2D). Moreover, CD25 expression in recovered severe COVID- 
19 patients was still higher than that in recovered mild COVID-19 pa-
tients (Fig. 2D). However, CD127 expression was notably down-regu-
lated in both mild and severe COVID-19 patients, in comparison to the 
control (Fig. 2E). No difference in CD127 expression was seen between 
mild COVID-19 patients and severe COVID-19 patients. After recovery, 
CD127 expression returned to the normal level in mild COVID-19 

patients but remained lower in severe COVID-19 patients (Fig. 2E). 

3.3. B cells and NK cells are decreased in COVID-19 patients 

We also quantified circulating CD19+ B cells, CD3-CD16/56+ NK 
cells, and CD3+CD16/56+ NKT cells in patients (Fig. 3A). B cell 
number was significantly decreased in mild COVID-19 patients and was 
further decreased in severe COVID-19 patients (Fig. 3B). Surprisingly, B 
cell number became much lower in recovered mild COVID-19 patients. 
(Fig. 3B). On the contrary, B cell proportion was significantly increased 
in both mild and severe COVID-19 patients (Fig. 3C). Furthermore, B 
cell proportion in severe COVID-19 patients was higher than that in 
mild COVID-19 patients (Fig. 3C). In recovered patients, B cell pro-
portion returned to the normal level (Fig. 3C). NK cell number was 
significantly decreased only in severe COVID-19 patients, and it re-
turned the normal level after recovery (Fig. 3D). However, NK cell 
proportion was not significantly changed in patients (Fig. 3E). No sig-
nificant change of NKT cell number was observed (Fig. 3F), whereas 
NKT cell proportion was comparably attenuated in mild and severe 
COVID-19 patients regardless of recovery (Fig. 3G). 

3.4. IL-6 and IL-10 are up-regulated in severe COVID-19 patients 

To assess immune and inflammatory responses, we quantified cy-
tokines including IL-2, IL-4, IL-6, IL-10, TNF-α, and IFN-γ in blood 
plasma (Fig. 4A). To our surprise, the concentrations of IL-2, IL-4, TNF- 
α, and IFN-γ in all COVID-19 patients were under their detection 
thresholds (Data not shown), suggesting that plasma IL-2, IL-4, TNF-α, 
and IFN-γ are extremely low. IL-6 and IL-10, however, were con-
siderably up-regulated in severe COVID-19 patients rather than mild 

Fig. 1. Cellularity of circulating T cells in COVID-19 patients. (A) Representative flow cytometry dot plots showing total T cells, CD4+ T cells, and CD8+ T cells in 
peripheral blood. Ctrl: healthy control. Mild: mild COVID-19 patients. Mild-Re: recovered mild COVID-19 patients. Severe: severe COVID-19 patients. Severe-Re: 
recovered severe COVID-19 patients. (B and C) Total T cell numbers (B) and proportions (C). (D and E) CD4+ T cell numbers (D) and proportions (E). (F and G) CD8+ 

T cell numbers (F) and proportions (G). ***, p  <  0.001. 
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COVID-19 patients (Fig. 4B and 4C). After recovery, IL-6 was partially 
down-regulated but still higher than the baseline level (Fig. 4B), while 
IL-10 returned to its baseline level (Fig. 4C). 

3.5. CD4+ T cells, B cells, IL-6, and IL-10 indicate disease severity 

Binary logistic regression analysis was conducted to find the in-
dicators of the severity of COVID-19. Only the data of mild patients and 
severe patients were analyzed, because severe COVID-19 patients 
showed the most significant changes of the parameters tested. The data 
of recovered patients were not included in this analysis because the 
sample size of recovered severe COVID-19 patients was too small. We 
found that CD4+ T cell number was an independent indicator of 
COVID-19 severity (Table 2). In addition, B cell number, IL-6, and IL-10 
expression were also indicators of COVID-19 severity (Table 2). The 
number of CD8+ T cells, Tregs, and NK cells were not strongly asso-
ciated with COVID-19 severity (Table 2). 

4. Discussion 

This study shows that conventional T cells, B cells, and NK cells are 
reduced in COVID-19 patients. Our data are consistent with the lym-
phopenia reported by recent research [10–12]. The decrease of blood 
lymphocytes is probably due to the recruitment of reactive lymphocytes 
into the lung tissue. It is also possible that lymphocytes are sensitive to 
SARS-CoV-2 induced cell death. However, whether SARS-CoV-2 can 
infect immune cells is not clear. Our study also reveals the increase of 

Treg-enriched cells in all COVID-19 patients, suggesting that unlike 
conventional T cells, Tregs are either staying or proliferating in the 
blood of patients to suppress systemic inflammation. Furthermore, the 
higher CD25 expression and lower CD127 expression are indicative of 
enhanced Treg function in COVID-19 patients. However, the role of 
Tregs in COVID-19 remains unclear. High Treg activity might inhibit 
inflammation and alleviate tissue damage mediated by the cytokine 
storm. In the future, it will be important to test the anti-inflammatory 
and immunoregulatory activity of Tregs to ascertain the role of Tregs in 
the progression of COVID-19. 

The cytokine storm could cause the death of COVID-19 patients. 
Increased plasma IL-1β, IL-1RA, IL-7, IL-8, IL-9, IL-10, G-CSF, GMCSF, 
IFN-γ, IP-10, MCP1, MIP-1A, MIP-1B, IL-2, and TNF-α [3]. However, we 
did not observe high levels of IL-2 and TNF-α in enrolled patients. This 
suggests that the systemic inflammation in Guangzhou patients might 
be different from the systemic inflammation in Wuhan patients. How-
ever, we did observe higher plasma IL-6 and IL-10 in severe COVID-19 
patients. IL-6 is a cytokine that can be either pro-inflammatory or anti- 
inflammatory [13]. The sources of IL-6 include monocytes, macro-
phages, mesenchymal cells, endothelial cells, fibroblasts, and many 
other cells in response to various stimuli. [14]. It has been reported that 
macrophages produce IL-6 upon stimulation with SARS-coronavirus 
spike protein [15]. Therefore, activated macrophages are likely the 
major source of IL-6 in COVID-19 patients. Another important source of 
IL-6 could be pro-inflammatory Th17 cells. It has been shown that the 
proportion of Th17 cells is increased in COVID-19 cases [16]. Besides, 
other cell types including B cells, dendritic cells, fibroblasts, and 

Fig. 2. Changes of Treg-enriched cells in COVID-19 patients. (A) Gating strategy for blood Treg-enriched cells. (B) Numbers of Treg-enriched cells. (C) Percentages of 
Treg-enriched cells in lymphocytes. (D and E) Mean fluorescence of CD25 (D) and CD127 (E) in Treg-enriched cells. *, p  <  0.05; **, p  <  0.01; ***, p  <  0.001. 
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endothelial cells might also contribute to IL-6 production. IL-10, which 
is broadly considered an anti-inflammatory cytokine, is produced by 
alternatively activated macrophages, dendritic cells, conventional T 
cells, and Tregs during viral infection [17]. Perhaps these cells secret IL- 
10 after SARS-CoV-2 infection. 

Surprisingly, IFN-γ stayed low in all COVID-19 patients. It is a 
crucial anti-viral cytokine produced by T cells, NK cells, NKT cells, 
professional antigen-presenting cells such as macrophages, dendritic 
cells, and B cells [18]. It has been reported that IFN-γ-related cytokine 
storm was induced after SARS coronavirus infection [19]. Further in-
vestigations are needed to test whether IFN-γ in the lung is elevated 
while plasma IFN-γ remains unchanged. Moreover, IFN-γ can down-
regulate the expression of the SARS coronavirus receptor ACE2 [20]. 
SARS-CoV-2 binds to the same receptor of infect target cells [21]. 
Hence, the potential effect of IFN-γ against SARS-CoV-2 infection de-
serves more research. 

Taken together, our study sheds light on the immune profile of 
COVID-19 patients in Guangzhou, China. We also identified CD4+ T 

cells, B cells, IL-6, and IL-10 as good predictors of COVID-19 severity. 
Hence, dynamic evaluation of these factors is an accurate and con-
venient approach to monitor the progression of COVID-19, and prompts 
physicians to take necessary measures to prevent the deterioration of 
COVID-19. 

5. Conclusions 

CD4+ T cells, B cells, IL-6, and IL-10 are predictors of COVID-19 
severity. Dynamic monitoring of these parameters would benefit 
therapy planning and prognosis evaluation. 
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Fig. 4. Cytokine expression in COVID-19 patients. (A) Representative flow cytometry dot plots showing the quantification of plasma cytokines. (B & C) 
Concentrations of plasma IL-6 (B) and IL-10 (C). *, p  <  0.05; ***, p  <  0.001. 
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Binary logistic regression for indicated parameters.             

β S.E. Wald df Sig. Exp(B) 95% C.I. for EXP(B)        

Lower Upper    

CD4+ T -0.010  0.003 9.614 1  0.002  0.990  0.985  0.996  
CD8+ T -0.009  0.004 4.404 1  0.036  0.991  0.983  0.999 

Tregs 0.026 0.054  0.238 1 0.626  1.027  0.923  1.142  
BC -0.020 0.005  18.079 1 0.000  0.980  0.971  0.989  
NK -0.004 0.003  2.250 1 0.134  0.996  0.990  1.001  
IL-6 0.094 0.021  20.938 1 0.000  1.099  1.055  1.144  
IL-10 0.241 0.083  8.325 1 0.004  1.272  1.080  1.498     
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