
https://doi.org/10.1177/2058738420966497

International Journal of 
Immunopathology and Pharmacology
Volume 34: 1–13
© The Author(s) 2020
Article reuse guidelines: 
sagepub.com/journals-permissions
DOI: 10.1177/2058738420966497
journals.sagepub.com/home/iji

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons 
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and 
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Immune system changes during COVID-19 
recovery play key role in determining 
disease severity
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Abstract
Coronavirus disease 2019 (COVID-19), an acute respiratory infection, is largely associated with dysregulation and 
impairment of the immune system. This study investigated how the immune system changes were related to disease 
severity in COVID-19 patients. The frequencies of different immune cells and levels of pro- and anti-inflammatory 
cytokines in whole blood of participants were determined by flow cytometry and enzyme-linked immunosorbent assay, 
respectively. The values of other inflammatory agents were also studied. In the late recovery stage, unlike CD56high 
CD16+/− NK cells and monocytes, CD56low CD16+ NK cell numbers were increased (P < 0.0001–0.05). Th1, Th2, and 
Th17 cell percentages were significantly lower in patients than healthy control (P < 0.0001–0.05), while their frequencies 
were increased following disease recovery (P < 0.0001–0.05). The numbers of Tregs, activated CD4+ T cells, and 
exhausted CD8+ T cells were significantly decreased during a recovery (P < 0.0001–0.05). No significant change was 
observed in exhausted CD4+ T cell number during a recovery (P > 0.05). B cell showed an increased percentage 
in patients compared to healthy subjects (P < 0.0001–0.05), whereas its number was reduced following recovery 
(P < 0.0001–0.05). IL-1α, IL-1β, IL-6, TNF-α, and IL-10 levels were significantly decreased in the late recovery stage 
(P < 0.0001–0.05). However, TGF-β1 level was not significantly changed during the recovery (P > 0.05). Lymphocyte 
numbers in patients were significantly decreased (P < 0.001), unlike ESR value (P < 0.001). Lymphocyte number was 
negatively correlated to ESR value and Th2 number (P < 0.05), while its association with monocyte was significantly 
positive at the first day of recovery (P < 0.05). The immune system changes during the disease recovery to improve and 
regulate immune responses and thereby may associate with the reduction in disease severity. 
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Introduction

In December 2019, the world experienced the out-
break of 2019 novel coronavirus disease (COVID-
19) caused by a novel coronavirus, named severe 
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2).1–4 This virus is a highly infectious and 
causes upper and lower respiratory tract pneumo-
nia resulting in acute respiratory distress syndrome 
(ARDS).5–9 The fatality rate of COVID-19 is 
approximately 3.4%, but it may be increased in 
some subjects with health problems, for example, 
diabetes, immunodeficiency disorders, hyperten-
sion, end-stage renal failure, and cardiovascular 
disease. It is not the first time that coronavirus fam-
ily causes a severe respiratory disease. Genetic 
analysis of SARS-CoV-2 genomes showed that 
there are two types of this virus, including L type 
(70%) and S type (30%) which are aggressive and 
ancestral, respectively.3,10

Although the pathogenesis of COVID-19 is not 
well understood yet, defects in function and/or regu-
lation of the immune system such as the storm of 
inflammatory cytokines and lymphopenia can con-
tribute to the intensity of pathogenic coronavirus 
infections.11–13 In despite of some reports pointing to 
impacts of immune responses in the pathogenesis of 
COVID-19,14 the accurate roles of immune cells in 
developing or inhibiting the disease are unknown. In 
viral infections, the innate immunity mainly pro-
duces some antiviral components such as defensins 
and interferon type I (IFN-I) which inhibits viral 
replication through degrading virus RNA and induc-
ing adaptive immune responses.15 However, some 
reports have indicated that IFN-I plays a dual role in 
protective and destructive responses in coronavirus 
infections.16 SARS-CoV-2 probably induces delayed 
IFN-I responses that enhance virus invasion in early 
phases of the disease.17 It is reported that dysregula-
tion and/or impairments of the innate and adaptive 
immune systems may participate in tissue damage 
and disease severity in patients with COVID-19 
through reducing numbers and defecting functions 
of CD4+ T helper (Th) cells, CD8+ T cells, natural 
killer (NK) cells, and B cells.16,17 The increased per-
centage and enhanced function of neutrophil have 
been also proposed as other mechanisms involved in 
the pathogenesis of the disease.18,19 The increased 
productions of some inflammatory agents can con-
tribute to ARDS in patients, including C-reactive 
protein (CRP), IL-1β, IL-1α, IL-6, and TNF-α.11,20

Extensive data from the literature have demon-
strated that Th1 cells play critical role in the main 
antiviral mechanism(s) of adaptive immunity. Th1 
cell-produced cytokines enhance the functions of 
cytotoxic T cells and productions of antibodies, 
especially IgG and IgM of B cells.17 Previous stud-
ies on similar viral infections to SARS-CoV2 have 
indicated that downregulation of Th1 and Th2 cell 
functions may be involved in infection severity 
and ARDS progression in patients with Middle 
East Respiratory Syndrome-coronavirus (MERS-
CoV) infection.21 In addition, these studies have 
shown that the increased frequencies of Th1 and 
CD8+ T cells in patients with MERS-CoV infec-
tion were correlated to the good prognosis of the 
disease, whereas Th2 cytokines were associated 
with higher mortality.20,21 Others have revealed 
that Th1 and Th17 cells can stimulate and partici-
pate in inducing inflammatory reactions in patients 
with COVID-19.19 Another immune cell associ-
ated with pathogenesis of COVID-19 may be regu-
latory T cells (Tregs), the immune regulatory cells 
critical for inhibiting inflammation and immune 
response-associated tissue damage. Some studies 
have reported that COVID-19 patients had the 
reduced number of Tregs in peripheral blood.22

Given that clinical data have provided evidence 
to reveal that severe cases of COVID-19 are largely 
associated with overreactive immune responses 
resulting in a cytokine storm and dysregulation of 
the immune system,22 the aim of this study was 
whether changes of the innate (monocytes and dif-
ferent subsets of NK cells) and adaptive immune 
cells (activated CD4+ T cells, activated CD8+ T 
cells, exhausted CD4+ T cells, exhausted CD8+ T 
cells, Th1 cells, Th2 cells, Th17 cells, Tregs, B 
cells) during a recovery were correlated to the dis-
ease severity. In this regard, the plasma levels of 
pro- and anti-inflammatory cytokines including 
IL-1α, IL-1β, TNF-α, IL-6, TGF-β1 and IL-10 
along with other inflammatory agents were also 
measured.

Materials and methods

Study subjects

This is an analytical observational (case-control) 
study performed on 57 patients with COVID-19, 
who were referred to a COVID-19 center, Isfahan, 
Iran from March 2020 to April 2020, and 40 healthy 
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individuals without any the signs and symptoms of 
acute respiratory infections and other health prob-
lems affected the immune system. The diagnosis of 
COVID-19 was confirmed by the specialist accord-
ing to clinical and laboratory criteria including: (1) 
clinical evaluation; (2) real time-polymerase chain 
reaction (RT-PCR) assay; (3) CT scan imaging. All 
patients had pulmonary involvement and were not 
on treatment with drugs influencing the immune 
system and antibodies production (i.e. steroids, 
sulfasalazine, phenytoin, and antimalarial drugs) 
prior to study initiation. The patients suffered from 
clinical signs and symptoms of COVID-19 at least 
3–5 days before going to a COVID-19 center to 
start therapeutic approaches. The study was 
approved by the Ethics Committee of Isfahan 
University of Medical Sciences (protocol number: 
52409) and performed in accordance with the dec-
laration of Helsinki for medical research involving 
human subjects. The informed consent was 
obtained from the participants and legally author-
ized representatives of dead patients before the 
study initiation. According to the SD values 
observed in similar studies,23,24 sample sizes for 
two groups of study were calculated by the follow-
ing statistical formula:

n
S S

d
=

+( ) × ×( )Z Zα β 2 2 21 2

α (study accuracy) = 95%; β (study power) = 80%; 
d (effect size) = 80%; Zα = 1.96; Zβ = 0.89; S1 = 1.6; 
S2 = 1.4.

Sample collection and cell counting

At the first day (the early recovery stage) and 
10 days of initiation of therapeutic methods (the 
late recovery stage), heparinized blood samples 
(5 ml) were obtained from patients. To determine 
the immune situation of patients, the blood sam-
pling (5 ml) from healthy subjects was also per-
formed. Peripheral blood mononuclear cells 
(PBMCs) were isolated from whole blood by 
Ficoll-Paque centrifugation according to the manu-
facturer’s instructions (Lymphodex, Germany). 
The isolated cells were washed twice with phos-
phate buffered saline (PBS) at 300 × g for 10 min. 
The cells were then counted using a Burker 
Neubauer chamber (haemocytometer, 40443001, 

Hecht Assistent, Germany) and cell viability was 
measured by trypan blue dye exclusion.

The number of lymphocytes in peripheral blood 
of COVID-19 patients in the early and late stages 
of recovery and healthy subjects were assessed by 
an automated cell counter system UF-100® 
(Sysmex, Kobe, Japan) within 3 h after collecting 
blood samples.

Flow cytometry

To determine the percentages of activated T cells, 
exhausted T cells, Th1 cells, Th2 cells, Th17 cells, 
Tregs, B cells, NK cells, and monocytes in periph-
eral blood of COVID-19 patients (the first day and 
10 days of initiation of therapeutic approaches) and 
healthy subjects, PBMCs were stained with differ-
ent monoclonal antibodies or matched to isotype 
control IgG for 30 min at 4○C. Isotype-matched con-
trol antibodies were used as negative controls. 
Fixation and permebilization of the cells were per-
formed for staining some intracellular molecules 
with different antibodies according to the manufac-
turer’s guideline (eBiosciences, USA). The stained 
cells were washed twice with PBS and centrifuged 
at 300 × g for 10 min at room temperature. The per-
centages of the stained cells were measured by a 
FACSCalibur system (Becton Dickinson, San Jose, 
CA). The cell markers used to determine the fre-
quencies of the stained cells are indicated in Table 1. 
In this regard, the FlowJo software (v10.1, FlowJo, 
Ashland, OR, USA) was used to gate lymphocyte 
population using forward and side scatter to exclude 
debris or dead cells from the analysis of different 
cells. Afterwards, the lymphocyte population was 
gated to assess the frequencies of the CD4+ cells 
which were used to determine the percentages of 
Th1 cells (CD4+ T-bet+ IFN-γ+ cells), Th2 cells 
(CD4+ IL-4+ GATA3+ cells), Th17 cells (CD4+ 
IL-17α+ RORγt+ cells), Tregs (CD4+ CD127low 
FoxP3+ cells), and activated CD4+ T cells (CD4+ 
CD25+ CD69+ cells). The CD3+ cell population 
was also determined using the gating of lymphocyte 
population and was then used to measure the per-
centages of B cells (CD3− CD19+ CD22+ cells), 
exhausted CD4+ T cells (CD3+ CD4+ PD-1+ 
cells), exhausted CD8+ T cells (CD3+ CD8+ 
PD-1+ cells), CD56low CD16+ NK cells (CD3− 
CD56low CD16+ cells), and CD56high CD16+/− NK 
cells (CD3−CD56high CD16+/− cells). In this study, 
CD8+ CD25+ CD69+ cells and CD14+ CD16+ 
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CD11b+ cells were respectively considered as the 
activated CD8+ T cells and monocytes. The mono-
clonal and their isotype control antibodies are shown 
in Table 1.

Investigations of cytokines and other 
inflammatory factors

To determine cytokine profiles in COVID-19 
patients, the plasma samples were obtained from 
whole blood (5 ml) of participants and the levels of 
IL-1α, IL-1β, TNF-α, IL-6, TGF-β1, and IL-10 
cytokines were measured using an Enzyme-linked 
immunoasorbent assay (ELISA) kit (Karmania 
Pars Gene, Iran) according the manufacturer’s 
instructions.

The levels of erythrocyte sediment rate (ESR) 
and C-reactive protein (CRP) of COVID-19 
patients were measured using the erythrocyte sedi-
mentation rate (ESR) analyzer (Parsian Teb, Iran) 
and Mindray BS-800 automated biochemistry ana-
lyzer (Shenzhen Mindray Bio-Medical Electronics, 
China), respectively.

Statistical analysis

Data were analyzed by GraphPad Prism 6 (GraphPad 
Software, USA) and are expressed as the mean 
standard error of the mean (SEM) and mean ± stand-
ard deviation (SD). The normal distribution of data 
was determined by Kolmogrov–Smirnov test. The 

groups with normal distribution were compared by 
One-way analysis of variance (ANOVA) and 
unpaired t-tests, while Mann–Whitney and Kruskal–
Wallis tests were used to compare ones with non-
normal distribution. P < 0.05 was considered 
statistically significant.

Results

Subject descriptions

In this study, the mean ± SD of age of patients was 
67.8 ± 15.18, while it was 66.01 ± 7.11 in healthy 
subjects. Of the 57 patients, 51 (89.48%) were dis-
charged from hospital and 6 (10.52%) died during 
the study. Some patients had fatigue, mild shortness 
of breath, myalgia, loss of weight, smell, and taste in 
the late recovery stage. The mean ± SD of hemo-
globin was significantly lower in patients than 
healthy groups (11.28 ± 2.21 g/dl vs 14.44 ± 0.89 g/
dl, P < 0.001). The mean ± SD of lymphocyte num-
ber was 847.26 ± 142.44 cells/μl blood (11.45% 
from 1 × 104 counted WBCs) in the early stage of 
recovery, while it was 2203 ± 157.69 cells/μl blood 
(30.45% from 1 × 104 counted WBCs) in the late 
stage of recovery. The number of lymphocytes was 
negatively correlated to ESR value and Th2 number 
(Figure 1(a) and (b), P < 0.05, r = −0.2948, 95% con-
fidence interval (CI) = −0.5216 to −0.0292; P < 0.05, 
r = −0.4398, 95% CI = −0.6928 to −0.0903, respec-
tively); however, this association was positive for 

Table 1. Antibodies used for determing the changes of the immune system of COVID-19 patients by flow cytometry.

Fluorochrome/antibody Isotype Clone Company (all from USA)

CD3-FITC antibody Mouse IgG2a, κ HIT3a BioLegend
CD4-PE/CY5 antibody Rat IgG2a, κ H129.19 BioLegend
CD8-PE/CY5 antibody Mouse IgG1, κ HIT8a BioLegend
CD14-FITC antibody Mouse IgG1, κ 63D3 BioLegend
CD16-PE antibody Mouse IgG1, κ 3G8 BioLegend
CD56-PE/CY5 antibody Mouse IgG1, κ 5.1H11 BioLegend
CD19- PE/CY5 antibody Mouse IgG1, κ HIB19 BioLegend
CD22-PE antibody Mouse IgG1, κ HIB22 BioLegend
CD25-FITC antibody Mouse IgG1, κ BC96 BioLegend
CD69-PE antibody Mouse IgG1, κ FN50 BioLegend
PD1-PE antibody Mouse IgG2b, κ A17188B BioLegend
CD127-FITC antibody Mouse IgG1, κ A019D5 BioLegend
Tbet-FITC antibody Mouse IgG1, κ 4B10 BioLegend
IFNg-PE antibody Hamster IgG 2HUB-159 BioLegend
GATA3-PE antibody Mouse IgG2b, κ 16E10A23 BioLegend
IL4- PerCP/Cyanine5.5 antibody Rat IgG1, κ MP4-25D2 BioLegend
IL17-PE antibody Mouse IgG1, κ BL168 BioLegend
FOXO3-PE antibody Mouse IgG1, κ 206D BioLegend
RORγt-PE antibody – – BioLegend
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monocyte at the first day of recovery (Figure 1(c), 
P < 0.05, r = 0.2803, 95% CI = 0.0134–0.5100). 
Table 2 depicts the demographic and other character-
istics of COVID-19 and healthy subjects.

Assessments of innate immune cells in patients 
with COVID-19 during a recovery stage
The number of CD56low CD16+ NK cells in 
patients was significantly increased compared to 

healthy subjects. Its frequency was significantly 
higher in the late recovery stage than early recov-
ery stage (Figure 2(a) and (c), P < 0.0001). The 
frequency of CD56high CD16+/− NK cells in the 
early stage of recovery was significantly increased 
in comparison with the late stage of recovery  
and healthy individuals (Figure 2(a) and (d), 
P < 0.0001). Others results indicated that patients, 
at the first day of initiation of therapeutic methods, 
had a significant increase in the percentage of 

Figure 1. Correlations of lymphocyte numbers with the value of ESR and numbers of Th2 cells and monocytes in COVID-19 
patients. (a and b) Results of Spearman test showed lymphocyte number was negatively associated with ESR value and Th2 cell 
percentage in COVID-19 patients (P < 0.05). (c) There was a positive correlation between lymphocyte and monocyte numbers in 
COVID-19 patients (P < 0.05).

Table 2. The demographic, laboratory, and clinical characteristics of COVID-19 and healthy subjects.

Patients (N = 57) Control (N = 40) P value

Sex Male: 31 (54.4%) Male: 21 (52.5%) 0.85
Female: 26 (45.6%) Female: 19 (47.5%)

Smoking 17 (29.82%) 12 (30%) 0.58
Lymphocyte count (cell/μl) 847 ± 142.44 3072 ± 814.57 <0.001
CRP Negative: 2 (3.5%) Negative: 40 (100%)  

Positive: 55 (96.5%)  
1+: 12 (21.05%)  
2+: 19 (33.34%)  
3+: 17 (29.83%)  
4+: 7 (12.28%)  

ESR(mm/h) 38.96 ± 24.36 7.7 ± 4.42 <0.001
Background disease Diabetes: 7 (25.92%) –  

Kidney disease (ESRD & CKD): 8 (29.62%)  
Lung disease (COPD, asthma): 6 (22.22%)  
Hypertension: 18 (31.58%)  
Hypothyroidism: 1 (3.7%)  
Colon cancer: 1 (3.7%)  
IHD: 5 (18.51%)  
CVA: 1 (3.7%)  
RA: 1 (3.7%)  

Window period (day) 8.59 ± 7.24 –  
Treatment Anti-viral drugs: 19 (33.33%) –  

Anti-inflammatory drugs (prednisolone): 6 (10.52%)  
Antibiotics: 32 (56.15%)  

RT-PCR: real time polymerase chain reaction; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; ESRD: end stage renal disease; CKD: 
chronic kidney disease; COPD: chronic obstructive pulmonary disease; IHD: ischemic heart disease; CVA: cerebrovascular accident; RA: rheumatoid 
arthritis.
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monocyte compared to those at 10 days of treat-
ment and healthy subjects (Figure 2(b) and (e), 
P < 0.05).

Investigations of adaptive immune cells in 
patients with COVID-19 during a recovery stage

To determine the situations of humoral and cellu-
lar immunity in patients with COVID-19, the fre-
quencies of Th1, Th2, Th17, Treg, activated 
CD4+T cells, activated CD8+ T cells, exhausted 

CD4+ T cells, exhausted CD8+ T cells, and B 
cells in COVID-19 patients were investigated after 
1 and 10 days of initiation of therapeutic methods. 
Our data revealed that the percentages of Th1, 
Th2, and Th17 cells were significantly lower in 
patients than healthy control (Figure 3(a)–(c) and 
(j)–(l), P < 0.0001–0.05). However, the numbers 
of Tregs, exhausted CD4+ T cells, exhausted 
CD8+ T cells, activated CD4+ T cells, activated 
CD8+ T cells were increased in patients com-
pared to healthy subjects, although the increased 

Figure 2. The frequencies of innate immune cells in COVID-19 and control subjects. The percentages of CD56low CD16+ 
NK cells, CD56high CD16+/− NK cells, and monocytes were studied by flow cytometry (a and b) and then analyzed (c–e). The 
results are representative of 57 independent experiments for COVID-19 patients at the first day of treatment, 51 independent 
experiments for COVID-19 patients in 10 days of treatment, and 40 independent experiments for healthy individuals. Each bar in 
(c–e) shows mean ± SEM.
*P < 0.05, **P < 0.01, ****P < 0.0001.
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Figure 3. (Continued)
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Figure 3. (Continued)
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Figure 3. The percentages of adaptive immune cells in COVID-19 and healthy individuals. PBMCs were isolated from healthy 
subjects and COVID-19 patients and then stained with different monoclonal antibodies. The percentages of Th1, Th2, Th17, Tregs, 
exhausted CD4+ T cells, exhausted CD8+ T cells, activated CD4+ T cells, activated CD8+ T cells, and B cells were assessed 
using flow cytometry (a–i) and then analyzed (j–r). The depicted results are representative of 57 independent experiments for 
COVID-19 patients at the first day of treatment, 51 independent experiments for COVID-19 patients in 10 days of treatment, and 
40 independent experiments for healthy groups. Data show mean ± SEM.
*P < 0.05, **P < 0.01, ****P < 0.0001.
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Figure 4. The plasma concentrations of pro-and anti-inflammatory cytokines in COVID-19 and control groups. The levels 
of IL-1α, IL-1β, IL-6, IL-10, TNF-α, and TGF-β1 were measured by ELISA (a–f). The depicted results are representative of 40 
independent experiments for control group, 57 independent experiments for COVID-19 patients at the first day of treatment, and 
51 independent experiments for COVID-19 patients in 10 days of treatment. All data show mean ± SEM.
*P < 0.05, **P < 0.01, ****P < 0.0001.

percentage of exhausted CD4+ T cells was not 
statistically significant (Figure 3(d)–(h) and (m)–
(q), P < 0.0001–0.05). After 10-day recovery, the 
frequency of exhausted CD8+ T cells were sig-
nificantly reduced, unlike activated CD8+ T cells 
(Figure 3(f), (h), (o), and (q), P < 0.05). No sig-
nificant changes were observed in the frequencies 
of Tregs, exhausted CD4+ T cell, and activated 
CD4+ T cells between patients in the early stage 
and late stage of recovery (Figure 3(d), (e), (g), 
(m), (n), and (p)). B cells showed an increased 
percentage in patients compared to healthy sub-
jects, while this increase was significantly reduced 
in the late stage of recovery (Figure 3(i) and (r), 
P < 0.0001–0.05).

The cytokine profiles of patients with 
COVID-19

Having considered that severe COVID-19 is 
largely related to a cytokine storm, cytokine pro-
files of COVID patients were assessed during a 
recovery. As shown in Figure 4(a)–(d), statistically 

significant reduction in the levels of pro-inflamma-
tory cytokines (IL-1α, IL-1β, IL-6, and TNF-α) in 
patients were observed during a recovery, with the 
exception of IL-1β level (P < 0.0001–0.05). The 
same trend was observed in IL-10 so that its level 
was significantly higher in the early recovery stage 
than the late recovery stage (Figure 4(e), P < 0.05). 
However, there was no significant difference in 
TGF-β1 level between patients and healthy indi-
viduals, although a reduction was observed during 
a recovery (Figure 4(f)).

Discussion

COVID-19, as a pandemic disease, is responsible 
for considerable mortality and morbidity.25 Immune 
system functions have fundamental role in the 
pathogenesis and outcome of disease.26 Therefore, 
the current study focused on determining how 
immune system changes during a recovery were 
correlated to disease severity.

Having considered that innate immunity provides 
the early line of defense against viral infections, some 
innate immune cells were studied in the course of 
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10 days after initiation of treatment, which is almost a 
period that the disease is deteriorated and may result 
in death or recovery from COVID-19.27,28 Our data 
showed that CD56lowCD16+ NK cell number was sig-
nificantly lower in the early stage of recovery than the 
late stage of recovery; however its frequency was 
noticeably increased compared to healthy subjects. In 
line with these findings, Zheng et al. reported that the 
total number of NK cells was dramatically decreased 
in patients in a severe stage of the disease in compari-
son with others in the mild stage of the disease and 
healthy subjects, which this reduction was accompa-
nied by functional exhaustion of these cells.29 
Furthermore, it was demonstrated that the reduced 
number and functional exhaustion of these cells were 
restored following disease recovery.29 According to 
the levels of CD16 and CD56 expression, NK cells 
are classified into two distinguished subsets includ-
ing: CD56highCD16+/− and CD56lowCD16+ NK cells. 
The CD56lowCD16+ NK cells have high expression 
levels of killer inhibitory receptors, the maturation 
marker (CD57), and natural and antibody-dependent 
cellular cytotoxicity which is mediated by releasing 
high levels of perforin and enhanced killing.16,30,31 
These findings suggest that the reduced number of 
CD56lowCD16+ NK cells may contribute to disease 
susceptibility in the early stages of disease. Other 
results of the current study revealed that the percent-
age of another subset of NK cells (CD56highCD16+/− 
NK cells) was significantly increased at the first day 
of recovery. CD56highCD16+/− NK cells are described 
by NKG2A, low level of perforin, and are primarily 
characterized by cytokine production.16,30,31 
Therefore, it is likely that the changes in the frequen-
cies of two subsets of NK cells during the disease 
recovery are protective mechanisms to eliminate the 
SARS-COV2 and thereby reducing inflammation 
occurred in the early stages of disease. In an attempt 
to discover the frequency of other cells of innate 
immunity, the number of monocytes was also 
assessed. We observed that COVID-19 patients had 
significantly higher percentage of monocytes in the 
early stage of recovery than those in the late stage of 
recovery and healthy subjects. This observation was 
in contrast with previous study showing severe cases 
of COVID-19 tend to have lower percentages of 
monocytes.24 This discrepancy may be attributed to 
disease stage which patients were evaluated.

In the next step, the adaptive immune system of 
COVID-19 subjects was studied after 1 and 10 days 
of initiation of therapeutic methods. The results 

indicated that patients had the reduced number of 
lymphocyte in comparison with healthy subjects. In 
line with this finding, Qin et al. declared that patients 
with COVID-19 had a reduction in T cell number 
accompanied by the severity of the disease. 
Moreover, Qin et al. indicated that suppressor and 
helper T cell percentages were lower in patients than 
normal group. The authors have also demonstrated 
that the frequency of naive Th cells increased in 
severe cases, unlike memory Th cells and Tregs 
which were more obviously decreased in severe 
cases.24 Other studies have revealed that the whole 
numbers of T cells, CD4+ T cells, and CD8+ T 
cells were significantly decreased in patients with 
COVID-19.29,32 Wen et al. by transcriptional ana-
lyzes of PBMCs of recovered patients with COVID-
19 showed that patients had higher frequencies of B 
cells and T cells in the late recovery stage than those 
in the early recovery stage. Moreover, the authors 
have shown that CD4+ and CD8+ T cell numbers 
were notably decreased.17 In agreement with previ-
ous study, our data revealed that the frequencies of 
Th cells (Th1, Th2, and Th17 cells) in patients were 
significantly lower in the early recovery stage than 
the late recovery stage and healthy individuals. 
More interestingly, the percentages of exhausted 
CD4+ T cells and exhausted CD8+ T cells were 
higher in the early stage of recovery than the late 
stage of recovery. These findings were consistent 
with other reports indicating the number of CD8+ T 
cells was markedly decreased and its function was 
exhausted in COVID-19 patients.29 In contrast with 
the percentage of activated CD4+ T cell which was 
increased in the early stage of recovery, the activated 
CD8+ T cell had the reduced frequency; however 
its number was significantly increased in the late 
stage of recovery, unlike activated CD4+ T cell 
number. In disagreement with other reports showing 
increased frequency of B cells in the late stage of 
recovery,17 we observed that the percentage of this 
cell was decreased following recovery. It is thought 
that the reduced numbers of activated CD4+ T cells 
and B cells are related to different therapeutic 
approaches used to reduce inflammation and their 
impacts.

Regarding the impact of the cytokine storm in 
COVID-19 pathogenesis, the levels of some pro- 
and anti-inflammatory cytokines were investi-
gated. The plasma levels of IL-1a, IL-1β, IL-6, 
TNF-α, and IL-10 were significantly higher in 
COVID-19 patients than the control group. 
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However, no significant correlation was observed 
between the levels of these cytokines and other 
inflammatory factors such as ESR which was nota-
bly increased in the early recovery stage. Moreover, 
other data indicated that the levels of these 
cytokines were reduced during the disease recov-
ery. In agreement with these findings, it is indi-
cated that patients with MERS-CoV infection, 
which is the same as SARS-CoV2 in pathogenesis, 
had the increased expression level of IL-10.33 
Similar to our results, Chen et al., in a study on 48 
patients with COVID-19, revealed that IL-6 level 
was dramatically increased.34 Others have shown 
that the levels of IL-6, IL-10, and TNF-α were 
increased in COVID-19 patients.32 In despite of the 
changes in the levels of IL-1a, IL-1β, IL-6, TNF-α, 
and IL-10 during a 10-day recovery period, there 
was no significant difference in TGF-β1 level 
between the early recovery and late recovery 
stages, although a reduction was observed during a 
recovery. A limitation of the study was the lack of 
determination of immune system differences 
between alive and dead patients with COVID-19 
during a recovery period. Therefore, this limitation 
needs to be addressed in future studies.

Conclusion

The results of this study provide evidence to show 
that COVID-19 patients, who need to hospitaliza-
tion, had some changes in the immune system dur-
ing the disease recovery to improve and regulate 
immune responses. These changes may play a fun-
damental role in reducing disease severity through 
regulating cytokine productions involved in the 
inflammation and functions of various immune 
cells. Nevertheless, larger and more multicenter 
studies are needed to validate these conclusions.
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