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A B S T R A C T   

Background: The 2019 Coronavirus (COVID-19) pandemic poses a huge threat internationally; however, the role 
of the host immune system in the pathogenesis of COVID-19 is not well understood. 
Methods: Cytokine and chemokine levels and characterisation of immune cell subsets from 20 COVID-19 cases 
after hospital admission (17 critically ill and 3 severe patients) and 16 convalescent patients were determined 
using a multiplex immunoassay and flow cytometry, respectively. 
Results: IP-10, MCP-1, MIG, IL-6, and IL-10 levels were significantly higher in acute severe/critically ill patients 
with COVID-19, whereas were normal in patients who had reached convalescence. CD8 T cells in severe and 
critically ill COVID-19 patients expressed high levels of cytotoxic granules (granzyme B and perforin)and was 
hyperactivated as evidenced by the high proportions of CD38. Furthermore, the cytotoxic potential of natural 
killer (NK) cells, and the frequencies of myeloid dendritic cells and plasmacytoid dendritic cells was reduced in 
patients with severe and critical COVID-19; however, these dysregulations were found to be restored in 
convalescent phases. 
Conclusion: Thus, elicitation of the hyperactive cytokine-mediated inflammatory response, dysregulation of CD8 
T and NK cells, and deficiency of host myeloid and plasmacytoid DCs, may contribute to COVID-19 pathogenesis 
and provide insights into potential therapeutic targets and strategies.   

1. Background 

In December 2019, an outbreak of pneumonia caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) was linked to a local 
seafood wholesale market in Wuhan, China [1]. After epidemiological 
and genome-wide analyses, it has been determined that this coronavirus 
is different from the known SARS-CoV and Middle East respiratory 
syndrome coronavirus (MERS-CoV) [2,3]. A wide spectrum of clinical 
manifestations develops from asymptomatic to critically ill disease, 
including acute respiratory distress syndrome (ARDS), multiple organ 
dysfunction, and death [4,5]. Severe lung disease with extensive alve-
olar damage and progressive respiratory failure leads to fatal outcomes 
[6,7]. A recent study reported an autopsy case with presence of 
remarkable interstitial lymphocyte infiltrates in the lung tissue, lym-
phopenia, and overactivation of T cells in the peripheral blood [8]. 

Innate and adaptive immune responses play a critical role in 

defending against viral infection and disease progression. Natural killer 
(NK) cells exert primary control during acute viral infection, but cyto-
toxic CD8 T lymphocytes (CTLs) are critical for long-term surveillance. 
However, increased elicitation of immune responses following infection 
has been associated with the production of excessive levels of proin-
flammatory cytokines and widespread tissue damage [9]. Preliminary 
studies have shown that SARS-CoV-2 infection triggers a cytokine storm 
and results in an increase in various cytokines levels [10,11]. However, 
the cytokine levels in COVID-19 convalescent patients remain unclear. 
Previous studies have shown that the decreased frequency of circulating 
lymphocytes, including NK cells, CD4 and CD8 T cells, is closely related 
to COVID-19 severity [12,13]. These results support the hypothesis that 
dysregulation of immune responses may exert detrimental effects on 
patients with COVID-19. There is an urgent need for an improved un-
derstanding of COVID-19 immunopathology in severe and critically ill 
patients, because COVID-19 is currently responsible for high morbidity 
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and mortality in many countries. In this study, we investigated the 
immunological characteristics and inflammatory profiles in both acute 
severe/critically ill and convalescent patients with COVID-19. 

2. Material and methods 

2.1. Patients characteristics 

This study enrolled 20 hospitalised patients with COVID-19 in the 
acute patient group, including 17 critically ill and 3 severe patients, 
based on the Guidelines for Diagnosis and Treatment of Corona Virus 
Disease 2019 issued by the National Health Commission of China(7th 
edition) (http://www.chinacdc.cn/jkzt/crb/zl/szkb_11803/jszl_11 
815/202003/t20200305_214142.html). Severe patients who met one 
of the following criteria: (1) respiratory distress, respiratory rate ≥ 30 
breaths min− 1; (2) pulse oxygen saturation (SpO2) ≤ 93% without 
inhalation of oxygen support at quiet resting state;(3) arterial partial 
pressure of oxygen (PaO2)/oxygen concentration (FiO2) ≤ 300 mm Hg; 
(4) computed tomography (CT) image shows there is more than 50% 
increase of lung infiltrating change within 24 to 48 h. Critically ill pa-
tients in this study generally required mechanical ventilation and 
exhibited respiratory failure, septic shock, and/or multiple organ 
dysfunction/failure that required monitoring and treatment in the 
intensive care unit[14]. COVID-19 was confirmed by the detection of 
SARS-CoV-2 by reverse-transcription polymerase chain reaction as 
previously described[15]. Blood samples were collected at a median of 
3.75 days after hospital admission (range; 1–9 days). Sixteen convales-
cent patients recovered from the severe and critically ill COVID-19 pa-
tients, who received treatment and were subsequently discharged from 
the hospital. Blood samples were then collected at a median of 73.62 
days after hospital admission (range; 23–166 days). Healthy individuals 
(n = 10) were enrolled as controls. Since archived specimens were used, 
written informed consent was waived. The study protocol was approved 
by the ethics committee of the First Affiliated Hospital of Guangzhou 
Medical University. 

2.2. Cytokines and chemokines assay 

Cytokine and chemokine levels (interferon gamma-induced pro-
tein 10 [IP-10], macrophage inflammatory protein [MIP]-1β, interferon 
[IFN]-α, IFN-γ, monokine induced by IFN-γ [MIG], MIP-1α, monocyte 
chemoattractant protein-1 [MCP-1], interleukin [IL]-6, IL-10, and 
tumour necrosis factor [TNF]-α) in the serum were determined using 
bead-based multiplex LEGENDplex assay kits (BioLegend, San Diego, 
CA, USA), according to the manufacturer’s protocol. Data were analysed 
using the LEGEND ™ plex analysis software, version 8.0. 

2.3. Detection of the changes in immune cell subsets using flow cytometry 

Detection of changes in immune cell subsets was performed using 
flow cytometry. All antibodies for flow cytometry were purchased from 
BD Biosciences (San Jose, CA, USA). To determine CD4 T cells, CD8 T 
cells and NK cells, fluorescein isothiocyanate (FITC)-conjugated anti- 
CD8, phycoerythrin (PE)-conjugated perforin, PerCP-Cy5.5-conjugated 
anti-CD3, PE-Cy7-conjugated anti-CD56, allophycocyanin (APC)-con-
jugated granzyme B, and APC-Cy7-conjugated anti-CD45 were used. To 
determine plasmacytoid dendritic cells (pDCs) and myeloid DCs (mDCs), 
FITC-conjugated Lineage Cocktail, PE-conjugated anti-CD123, APC- 
Cy7-conjugated anti-HLA-DR, and APC-conjugated anti-CD11c were 
used. Activated T cells were identified using a combination of CD8-PE- 
CY7, CD3-Percp-CY5.5, CD4-FITC, and CD38-PE antibodies. Cells were 
stained according to the manufacturer’s instructions. All flow cytometry 
data were recorded and analysed using the BD FACSDiva software. 

2.4. Statistical analysis 

Statistical analysis was performed using the GraphPad Prism 6. 
Significant differences between the means of three groups were tested 
using a one-way analysis of variance (ANOVA) followed by Tukey’s 
multiple comparisons test. To determine the difference between two 
groups, an independent t test was performed. Differences were consid-
ered significant at P < 0.05. 

3. Results 

Detailed clinical features, comorbidities, and treatments of severe 
and critically ill COVID-19 patients are shown in Table 1. The mean age 
was 57.8 years, and most of the patients were men (14/20, 70%). Some 
patients had chronic diseases, including diabetes (6/20, 30%), hyper-
tension (9/20, 45%), cardiovascular disease (5/20, 25%), and chronic 
obstructive pulmonary disease (3/20, 15%). The most common symp-
toms were fever (19/20, 95%), dyspnea (17/20, 85%), and cough (13/ 
20, 65%). Most patients had one or more manifestations of organ 
dysfunction or failure. Patients with common complications included 16 
(80%) with ARDS, 7 (35%) with acute kidney injury, 11 (55%) with 
cardiac injury, 7 (35%) with liver dysfunction, 6 (30%) with abnormal 
coagulant function, 7 (35%) with shock and 5 (25%)with multiorgan 
failure syndrome. 

Laboratory findings of acute and convalescent patients are shown in 
Table 2. The blood counts of severe and critically ill patients with 
COVID-19 on admission showed lymphopenia, whereas the lymphocyte 
levels returned to normal after recovery. The levels of prothrombin time, 
fibrinogen, D-dimer and serum glucose were increased in acute severe 
and critically ill COVID-19 patients, whereas in the convalescent phase, 
these levels were similar to normal levels. The levels of total protein and 
albumin were decreased in acute SARS-CoV-2-infected patients, 
whereas in the convalescent phase, these levels were returned to normal. 

Table 1 
Clinical manifestations, comorbidities, and treatments of severe and critically ill 
COVID-19 patients.  

Characteristic Severe and critically ill n = 20 

Age, years 57.80 ± 14.63 
Sex (male,%) 14(70%) 
Chronic disease  
Diabetes 6(30%) 
Hypertension 9(45%) 
Cardiovascular disease 5(25%) 
Chronic obstructive  
Pulmonary disease 3(15%) 
Signs and symptoms  
Fever 19(95%) 
Cough 13(65%) 
Rhinorrhea 0 
Expectoration 5(25%) 
Nasal congestion 1(5%) 
Dyspnea 17(85%) 
Pharyngalgia 2(10%) 
Myalgia 6(30%) 
Complications  
Acute respiratory distress  
Syndrome 16(80%) 
Acute kidney injury 7(35%) 
Cardiac injury 11(55%) 
Liver dysfunction 7(35%) 
Coagulant function abnormality 6(30%) 
Shock 7(35%) 
MODS 5(25%) 

Abbreviations: MODS, multiple organ dysfunction syndrome. 
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3.1. Serum cytokine and chemokine levels in acute and convalescent 
patients with COVID-19 

As shown in Fig. 1, there were no statistically significant differences 
in the serum levels of IFN-α,IFN-γ,TNF-α,MIP-1α,and MIP-1β between 

acute severe and critically ill COVID-19 patients, convalescent cases and 
healthy controls. Compared to healthy controls, serum levels of IP-10, 
MCP-1 and MIG were significantly higher in acute severe and criti-
cally ill COVID-19 patients. The serum IL-6 and IL-10 levels in acute 
severe and critically ill COVID-19 patients were significantly higher than 
those in healthy controls. As expected, the serum levels of IP-10, MCP-1, 
MIG, IL-6, and IL-10 in convalescent cases returned to normal levels. 
Taken together, our results indicate that hypercytokinaemia in SARS- 
CoV-2-infected patients may be an important contributor to clinical 
severity. 

3.2. SARS-CoV-2 infection results in T cell activation 

CD38 expression was detected to analyse the activation status of 
CD4 and CD8 T cells. As shown in Fig. 2, we observed upregulated CD38 
expression on CD8 T cells in acute severe and critically ill SARS-CoV-2- 
infected patients, compared to healthy controls. Moreover, we found 
that the expression of CD38 on CD4 and CD8 T cells in convalescent 
patients showed a downward trend compared to that in acute patients. 
Our results indicate that the CD8 T cell status was hyperactivated during 
acute SARS-CoV-2 infection. 

3.3. The secretion of granzyme B and perforin by CD8 T cells and NK 
cells in acute and convalescent patients with COVID-19 

The expression of granzyme B and perforin in CD8 T and NK cells in 
acute severe and critically ill SARS-CoV-2-infected patients, convales-
cent patients, and healthy controls was detected to understand their 
cytotoxic potential. As shown in Fig. 3, we found that CD8 T cells in the 
acute group had higher expression of these cytotoxic granules (gran-
zyme B and perforin) compared to healthy controls. Moreover, the levels 
of perforin in CD8 T cells of convalescent patients were reduced and 
similar to those in healthy controls. However, the levels of granzyme B 
in CD8 T cells were still higher in convalescent patients than in healthy 
controls. In contrast, the expression of granzyme B and perforin in 
double positive NK cells was decreased in acute patients, compared to 
healthy controls, whereas in the convalescent phase, the cytotoxic po-
tential in NK cells was restored. 

3.4. Myeloid and plasmacytoid DCs decreased in severe and critically ill 
COVID-19 patients 

DCs play an important role in both innate and adaptive immune 
responses. Thus, we detected the proportion of mDCs and pDCs in pe-
ripheral blood mononuclear cells of acute severe and critically ill SARS- 
CoV-2-infected patients, convalescent cases and healthy controls. As 
shown in Fig. 4, the frequencies of mDCs and pDCs in acute severe and 
critically ill SARS-CoV-2-infected patients were significantly lower than 
those in healthy controls. Of note, many convalescent patients had 
increased frequencies of mDCs and pDCs, and these frequencies were 
significantly higher than those in acute SARS-CoV-2-infected patients. 

4. Discussion 

In this study, we systematically compared immunological responses 
and cytokine/chemokine profiles in acute and convalescent phases of 
COVID-19 infection. Previous studies have shown that high levels of 
cytokines and chemokines can induce cell damage and mediate 
destructive tissue inflammation during viral infections [16–18]. We 
found that serum levels of IP-10, MCP-1, MIG, IL-6, and IL-10, which are 
associated with the severity of COVID-19, were significantly higher in 
severe and critically ill COVID-19 patients. Our data are consistent with 
findings of previous studies [4,12,19]. Moreover, the results of the 
present study showed that the cytokine and chemokine levels in 
convalescent patients were restored to normal levels and similar to those 
in healthy controls. These observations suggest that IP-10, MCP-1, MIG, 

Table 2 
Laboratory findings of acute severe and critically ill COVID-19 patients and 
convalescent cases.   

Normal 
range 

Severe and 
critically ill 
n = 20 

Convalescent 
n = 16 

P 

Blood routine tests     
WBC count (109 cells/ 

L) 
4.0–10.0 7.76 ± 3.73 6.46 ± 1.79 0.180 

Neutrophil (109 cells/ 
L) 

1.8–8.0 6.58 ± 3.73 3.96 ± 1.20 0.007 

Lymphocyte (109 

cells/L) 
0.9–5.2 0.65 ± 0.32 1.77 ± 0.68 <0.001 

Monocyte (109 cells/L) 0.16–1.0 0.44 ± 0.27 0.54 ± 0.18 0.211 
Eosinophil (109 cells/ 

L) 
0.05–0.3 0.07 ± 0.09 0.15 ± 0.11 0.020 

HGB (g/L) 110–150 106.30 ±
19.96 

120.31 ±
20.91 

0.048 

PLT (109 /L) 100–400 196.55 ±
90.19 

224.16 ±
43.69 

0.239 

Blood coagulation 
tests     

Prothrombin time, s 11.0–14.5 14.52 ±
1.31 

13.63 ± 0.79 0.016 

Activated partial 
thromboplastin 
time, s 

28–42.8 41.60 ±
6.61 

38.23 ± 3.13 0.054 

D-dimer, ng/mL 68–494 3533.20 ±
3386.12 

508.06 ±
356.06 

0.001 

Fibrinogen,g/L 2.0–4.0 5.14 ± 1.35 3.43 ± 0.94 <0.001 
Clinical immunology     
Complement 3 (g/L) 0.9–1.5 0.89 ± 0.32 1.04 ± 0.16 0.184 
Complement 4 (g/L) 0.2–0.4 0.21 ± 0.09 0.25 ± 0.08 0.267 
IgA (g/L) 0.7–5.0 2.46 ± 1.21 2.28 ± 0.79 0.680 
IgG (g/L) 6.0–16.0 13.25 ±

3.12 
13.80 ± 2.67 0.638 

IgM (g/L) 0.6–2.0 1.10 ± 0.61 0.81 ± 0.25 0.160 
Liver function     
Alanine 

aminotransferase 
(U/L) 

5–40 49.78 ±
46.43 

45.24 ±
59.02 

0.801 

Aspartate 
aminotransferase 
(U/L) 

5–40 52.16 ±
38.14 

40.20 ±
54.29 

0.449 

Total protein, g/L 65–85 62.45 ±
5.98 

69.56 ±
5.722 

0.001 

Albumin, g/L 35–55 35.51 ±
4.54 

41.67 ± 4.15 <0.001 

Total bilirubin, μmol/L 1.7–22.2 15.98 ±
11.24 

11.34 ± 3.83 0.125 

Direct bilirubin, μmol/ 
L 

0.0–6.0 5.08 ± 5.86 2.11 ± 0.73 0.042 

Cardiac function     
Troponin I, μg/L 0.0–0.04 0.14 ± 0.52 0.01 ± 0.01 0.330 
Creatine kinase-MB 

(U/L) 
3–25 10.35 ±

9.53 
8.07 ± 3.80 0.388 

Renal function     
Serum glucose, mmol/ 

L 
3.9–6.1 8.68 ± 2.24 5.67 ± 1.27 <0.001 

BUN (mmol/L) 2.9–7.2 8.48 ± 5.31 5.85 ± 3.19 0.075 
Creatinine (μmol/L) 44.0–133.0 76.85 ±

30.26 
75.19 ±
16.80 

0.845 

Arterial blood gases     
pH 7.35–7.45 7.41 ± 0.05 7.41 ± 0.02 0.376 
Paco2, mm Hg 35.0–48.0 44.92 ±

6.19 
41.86 ± 4.90 0.132 

Pao2, mm Hg 83.0–108.0 110.43 ±
31.97 

106.79 ±
32.99 

0.691 

Oxygen saturation (%) 95–99% 96.05 ±
9.45 

97.74 ± 1.28 0.512  
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IL-6, and IL-10 could serve as potential biomarkers for monitoring 
COVID-19 disease recovery. Therefore, these findings indicate that 
cytokine and chemokine levels in the acute and convalescent stages of 
COVID-19 could contribute to our understanding of its pathogenesis and 
patient outcomes. 

Lymphocytes, especially CD8 T cells and NK cells, are core compo-
nents of the immune system that defend against viral infections. We 
recently reported that a SARS-CoV-2 infection resulted in broad immune 
cell reduction, including CD3 T cells, CD4 T cells, CD8 T cells, and NK 
cells, in critically ill COVID-19 patients [15].In order to further under-
stand the immune status of CD4 T cells, CD8 T cells, and NK cells in 
severe and critically ill COVID-19 patients, we detected the activation 
status and cytotoxic granules of CD8 T cells and NK cells. Our results 
suggest that CD8 T cell activation, characterised by high expression of 
CD38, appears to correlate with disease severity in patients with COVID- 
19, which is consistent with other reports [20,21]. Previous studies have 

shown that high expression of CD8 T cell cytotoxic molecules, such as 
granzyme B and perforin, are more prominent in severe cases compared 
to mild cases [21,22]. In the present study, we found that CD8 T cells in 
severe and critically ill patients with COVID-19 had a high cytotoxic 
potential with high expression of granzyme B and perforin. Additionally, 
Liao et al. reported that CD8 T cells in the bronchoalveolar lavage fluid 
of severe COVID-19 cases expressed high levels of cytotoxic genes such 
as GZMB, GZMA, and GZMK [23]. Collectively, these data highlight the 
involvement of CD8 + T cells in the immunopathogenesis of a severe and 
critical ill COVID-19. Interestingly, when the cytotoxic potential of NK 
cells was assessed, we found lower expression levels of granzyme B and 
perforin in double positive NK cells in severe and critically ill patients 
with COVID-19, compared to healthy controls. These data demonstrated 
that SARS-CoV-2 infection led to decreased NK cell cytotoxic function in 
the acute group. Previous studies reported that the expression of gran-
zyme A and B by NK cells in patients with COVID-19 was significantly 

Fig. 1. Comparison of serum cytokine/chemokine levels (IFN-α, IFN-γ, TNF-α, IL-6, IL-10, IP-10, MCP-1, MIP-1α, MIP-1β, and MIG) between acute and convalescent 
patients and healthy controls. *P < 0.05, ** P < 0.01, and ***P < 0.001. 
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lower than that in healthy controls [24,25]. Thus, these data reveal that 
patients with COVID-19 have an NK cell functionally-impaired antiviral 
response. Importantly, in this study, convalescent patients with COVID- 
19 showed restoration of NK cell cytolytic functions along with 
enhanced levels of granzyme B and perforin. 

Another important interface for NK cells with the innate immune 
response is their interaction with DCs which play an important role in 
immune monitoring, initiation, and antigen presentation. This connects 
the innate and adaptive immunity. Moreover, pDCs can produce large 
amounts of type I IFN in response to viral infections [26]. DCs are 
sentinel cells involved in innate and adaptive immunity that affect the 
pathogenesis of MERS and SARS [27,28]. To the best of our knowledge, 
the present study is the first to compare the frequencies of mDCs and 
pDCs in acute severe and critically ill COVID-19 patients and individuals 
in the convalescent phase. Our findings demonstrated that the fre-
quencies of mDCs and pDCs in severe and critically ill COVID-19 patients 

upon symptom onset were significantly reduced. A recent study 
demonstrated that the proportion of DCs were significantly reduced with 
functional impairment in mild and severe COVID-19 cases compared to 
healthy controls [29]. In addition, the proportions of pDCs in the 
bronchoalveolar lavage fluid from severe COVID-19 patients were 
significantly lower than those in moderate cases as evidenced by single- 
cell RNA sequencing [23]. Yang et al. found that monocyte-derived DCs 
were permissive to SARS-CoV-2 infection, which might explain the 
deficiency of host myeloid DCs and plasmacytoid DCs that occurred in 
severe and critically ill patients with COVID-19 [30]. Therefore, the 
results of the present study imply that the significant loss of pDCs and 
mDCs, together with NK cell reduction and functional impairment 
among severe and critically ill patients could lead to abortive innate 
immune responses against the SARS-CoV-2 infection and delayed viral 
clearance. 

In conclusion, our results suggest that a hyperactive cytokine- 

Fig. 2. Comparison of cells positive for CD38 among total CD4 and CD8 T cells from peripheral blood of acute SARS-CoV-2-infected patients, convalescent cases or 
healthy controls. *P < 0.05, ** P < 0.01. 

Fig. 3. Intracellular expression of Granzyme B and Perforin in CD8 T cells and NK cells in acute SARS-CoV-2-infected patients, convalescent cases or healthy controls. 
*P < 0.05, ** P < 0.01, and ***P < 0.001. 
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mediated inflammatory response, dysregulation of CD8 T cells and NK 
cells, and deficiency of host mDCs and pDCs occur in severe and criti-
cally ill patients with COVID-19. These immunological molecules play 
an important role in the pathogenesis of SARS-CoV-2 infection. There-
fore, our findings may contribute to the current knowledge on the 
immunopathological mechanisms of SARS-CoV-2 infection and provide 
insights into potential therapeutic targets and strategies. 
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