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ABSTRACT

By the beginning of 2021, the battle against coronavirus disease 2019 (COVID-19) remains ongoing.
Investigating the adaptive immune response against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which causes COVID-19, in patients who have recovered from this disease could contribute
to our understanding of the natural host immune response. We enrolled 38 participants in this study. 7
healthy participants and 31 COVID-19 patients who had recovered from COVID-19 and categorized them
into 3 groups according to their previous clinical presentations: 10 moderate, 9 mild, and 12 asymp-
tomatic. Flow cytometry analysis of peripheral lymphocyte counts in recovered patients showed signif-
icantly increased levels of CD4" T cells in patients with a history of mild and moderate COVID-19
symptoms compared with those healthy individuals (p < 0.05 and p < 0.0001 respectively). whereas no
significant difference was observed in the CD8" T cell percentage in COVID-19-recovered patients com-
pared with healthy individuals. Our study demonstrated that antibodies against the SARS-CoV-2 spike
protein (anti-S) IgG antibody production could be observed in all recovered COVID-19 patients, regardless
of whether they were asymptomatic (p < 0.05)or presented with mild (p < 0.0001) or moderate symp-
toms (p < 0.01). Anti-S IgG antibodies could be detected in participants up to 90 days post-infection.
In conclusion, the lymphocyte levels in recovered patients were associated with the clinical presentation
of the disease, and further analysis is required to investigate relationships between different clinical pre-
sentations and lymphocyte activation and function.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

(SARS-CoV-2), resulting in a respiratory infection with a variable
clinical presentation that can be classified as asymptomatic, mild,

Coronavirus disease 2019 (COVID-19) was classified as a pan-
demic, spreading worldwide and causing mild to severe respiratory
infections. This disease is caused by a virus in the Coronaviridae
subfamily, severe acute respiratory syndrome coronavirus 2
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moderate, or severe (Jacob, 2020). The majority of cases are mild,
requiring 2 to 3 weeks for recovery. In contrast, severe clinical pre-
sentations are associated with inflammation in other systems,
including the gastrointestinal, neurological, and cardiovascular
systems. The disease outcome can be affected by several factors,
such as age, sex, obesity, presence of chronic disease and other fac-
tors, knowing the immunological differences associated with these
factors can help in revealing the immunological mechanisms
behind the severity of COVID-19 infection (Brodin, 2021).

Several studies have shown an association between disease
severity and the cellular immune response. Cytokine storm (Chen
et al.,, 2020; Huang et al., 2020), lymphopenia (Liu et al., 2020),
and T cell exhaustion (Zheng et al., 2020) are immune response
markers that have been correlated with COVID-19 disease patho-
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genesis (Chen et al.,, 2020; Tan et al.,, 2020; Wang et al., 2020;
Zheng et al.,, 2020). Reductions in the total numbers of T cells,
CD4" T cell, CD8* T cell, and natural killer (NK) cells have been
reported in COVID-19 patients, especially in severe cases (Diao
et al., 2020; Henry, de Oliveira, Benoit, Plebani, & Lippi, 2020; Liu
et al., 2020). During recovery, T cell levels are restored and cyto-
kine levels decrease, including interleukin (IL)-6, IL-10, and tumor
necrosis factor-o (TNFa), which suggests a negative association
between T lymphocyte counts and cytokine production (Diao
et al.,, 2020). In addition to T lymphocyte counts, another study
demonstrated T cell exhaustion among COVID-19 patients. The
expression levels of the T cell exhaustion markers programmed
death 1 (PD-1) and T cell immunoglobulin and mucin domain-3
(Tim-3) have been shown to increase during the progression of
the COVID-19 symptomatic stage, suggesting an adaptive immune
evasion (Diao et al., 2020). Further studies examining lymphocyte
behavior after recovery will facilitate our understanding of the
roles played by T cells in disease progression.

Several clinical vaccine trials are currently ongoing, and most of
the tested vaccines are designed to enhance the production of neu-
tralizing antibodies against the SARS-CoV-2 spike protein
(Folegatti et al., 2020; Yu et al., 2020; Zhu et al., 2020). However,
whether these vaccines will generate long-term or full immunity
against COVID-19 remains unclear (WHO, 2020). Increasing our
understanding of the natural host immune responses and the
development of long-term protective immunity will improve the
design of vaccine interventions. A case study report describing a
family that recovered from COVID-19 suggested that the initial
SARS-Cov-2 infection introduced protection at the humoral level
against recurrent infection with the virus (Mahallawi, 2020). Anti-
bodies against SARS-CoV-2 protein can be detected within 7-
14 days after infection, which is associated with increased plasma
cells (Hashem et al., 2020). SARS-CoV-2 anti-IgG and anti-IgM and
neutralizing antibodies have been detected in the serum of
patients with different COVID-19 clinical presentations (Hashem
et al.,, 2020; Lin et al., 2020; Mahallawi, 2020).

We aimed to investigate the immune response following
COVID-19 recovery among patients with different clinical presen-
tations, including asymptomatic (12 patients), mild (9 patients),
and moderate (10 patients) disease progression, and due to the
limited access to severe cases they were not included in this study.
We examined whether differences in the clinical presentation were
associated with changes in T lymphocyte, B lymphocyte, and NK
cell counts after recovery and correlated the cell count with the
humoral response to obtain insight into the long-term protective
immunity that develops in response to COVID-19.

2. Materials and methods
2.1. RNA extraction

Nasopharyngeal (NP) and oropharyngeal (OP) swabs were col-
lected from all participants, placed in a transport medium in syn-
thetic tip flocked swabs (BD, USA), and stored 2-8 °C for a
maximum of 72 h. Nucleic acids were extracted using Roche
Magna Pure LC (RNA Viral Isolation Kit, USA) by first adding
200 uL of each sample to a MagNA pure LC 96-well plate. Specific
reagents were then added, according to the manufacturer’s
instructions for nucleic acid extraction. To control for the presence
of PCR inhibitors, 1 uL of internal control, provided with the Altona
diagnostic RealStar® SARS-Cov-2 RT-PCR kit 1.0, was added to each
tube.
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2.2. One-step, real-time, RT-PCR amplification

After viral RNA extraction was performed, a reverse
transcriptase-polymerase chain reaction (RT-PCR) mixture was
prepared using the Altona diagnostic RealStar® SARS-Cov-2 RT-
PCR kit 1.0, which targets the sequences for the SARS-CoV-2 envel-
ope (E gene) and spike (S gene) proteins, using a one-step, real-
time, RT-PCR method as indicated by the kit manual. The prepara-
tion of the one-step, real-time, RT-PCR mixture was done as
instructed Altona diagnostic RealStar® SARS-Cov-2 RT-PCR kit 1.0,
5 pL of Master A mix and 15 pL of Master B mix were added. Then,
10 pL extracted RNA was added for a final volume of 30 pL. A non-
template negative control (water) and positive control were
included in every RT-PCR run.

All RT-PCR tubes were sealed, carefully transferred to a Real-
Time LC 480 (Roche, USA), and subjected to the following program:
a single cycle of 55 °C for 20 min, a single cycle of 95 °C for 2 min,
and 45 cycles of 95 °C for 15 s, 55 °C for 45 s, and 72 °C for 15 s. All
RT-PCR steps were performed aseptically in a DNA-free extraction
room while wearing disposable gloves and protective clothing to
prevent contamination.

2.3. Flow cytometry assay

Flow cytometry (FCM) was performed to count peripheral blood
mononuclear (PBMN) cell subsets in all 38 participant samples,
which were prepared from anticoagulated whole blood according
to the BD Bioscience procedure manual (Phillip Ruiz, 2007). Pre-
pared PBMN cells were stained with the following antibodies:
anti-CD45 (PerCP-Cy5.5-A), anti-CD3 (FITC-A), anti-CD4 (PE-Cy7-
A), anti-CD8 (APC-Cy7-A), anti-CD19 (APC-A), and anti-CD16 + 56
(PE-A). Stained samples were loaded onto a BD FACSCanto flow
cytometer (BD Biosciences). BD Multitest 6-color system enumer-
ates absolute counts (cells/puL) as well as lymphocyte percentages
of mature T helper/inducer (CD3*CD4"), T suppressor/cytotoxic
(CD3*CD8"), total T (CD3™) cells, B (CD3°CD19*), and NK (CD3"-
CD16%/CD56%) subsets. The gating strategy was applied according
to procedure manual and analyzed using the BD FACSCanto 3.1
software (Phillip Ruiz (2007)).

2.4. Enzyme-Linked immunosorbent assay (ELISA)

An enzyme-linked immunosorbent assay (ELISA) was used to
detect anti-S IgG in the participants’ serum samples, according to
a previously published protocol (Mahallawi, 2021). In brief, a 96-
well ELISA plate (Costar; Corning, Corning, NY, USA) was coated
with 100 pL/well (concentration 2 pg/mL) SARS-CoV-2 recombi-
nant S protein (Sino Biological, Beijing, China). The plates were
then covered and incubated overnight at 4 °C in the dark. The
plates were then washed with washing buffer [phosphate buffered
saline (PBS) containing 0.05% Tween-20; Sigma-Aldrich, St. Louis,
MO, USA] five times, using an automated microplate washer.
Blocking buffer [PBS containing 0.05% fetal bovine serum (FBS) that
was heat-inactivated at 56 °C for 60 min; Sigma-Aldrich] was
added at 150 uL/well. Serum samples were diluted 1:100 in block-
ing buffer, 100 uL diluted serum was added to each well, and the
plate was incubated for 30 min at room temperature. After wash-
ing the plates five times with washing buffer, alkaline
phosphatase-conjugated goat anti-human IgG secondary antibody
(1:1,000 in blocking buffer, Sigma-Aldrich) was added at 100 pL/
well. Plates were incubated at room temperature for 30 min, then
washed 5 times with washing buffer. Substrate P-nitrophenyl
phosphate (p-NPP, Sigma-Aldrich) was added at 100 pL/well and
incubated in the dark for 30 min. Finally, 100 puL stopping solution
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(1.2 N sodium hydroxide, Reagecon, UK) was added, and the reac-
tion was measured using a microplate reader (ELX800; BioTek) at
an optical density of 405 nm (ODg4gs). The cut-off OD495 was calcu-
lated as below and was 0.29.

cut — off ODy4gs = p(negative control) + 3(SD)

cut — off ODyps = 0.19 + (3 x 0.033) = 0.29.

2.5. Patient samples and controls

A total of 38 participants were involved in this study. 31 COVID-
19 post recovered patients, who were hospitalized at Madinah
Hospital, Saudi Arabia, participated in this study after providing
written informed consent. and were categorized as follows: 10
moderate, 9 mild, and 12 asymptomatic. We obtained the medical
records and collected data for all hospitalized patients and asymp-
tomatic contacts with PCR-confirmed COVID-19 diagnoses, as
reported to the Ministry of Health (MOH) in the Madinah region
between June 15, 2020, and August 1, 2020. When the data were
extracted from the patients file at the hospital, there were no other
diagnosed infections for all the patients enrolled in the study. In
addition, 7 healthy participants were recruited from a blood bank
as negative controls and informed written consent also obtained
from them. All healthy participants were eligible blood donors,
they were free from Hepatitis (B and C virus), Human immunode-
ficiency virus (1 and 2), Syphilis, Malaria, Human T-cell lym-
photropic virus type 1, and all of them were not exposed to
SARS-Cov-2 before. This study was approved by the research ethics
committee of the General Directorate of Health Affairs in Al Madi-
nah (IRB number: 496).

2.6. Statistical analysis

Statistical analysis was conducted using GraphPad Prism, ver-
sion 8.0 (Graph-Pad Software, Inc., CA, USA), and R (version 4.0.0)
software. Differences in lymphocyte percentages between groups
were analyzed using the Kruskal-Wallis test with Dunn’s post test
for multiple comparisons. Values are presented as the
mean * standard deviation (SD), and significance is reported as
*P < 0.05, **P < 0.01; ***P < 0.001, and ****P < 0.0001.

3. Results
3.1. Demographic data and real time-PCR verification

A total of 38 participants were involved in this study, with ages
ranging from 20 to 63 years and a median age of 33 years. Among
these participants, 31 had past exposure to SARS-CoV-2 and were
categorized according to their disease severity. Based on medical
history, 10 patients experienced moderate symptoms, 9 patients
presented with mild symptoms, and 12 patients were asymp-
tomatic (Table 1). As negative controls, 7 participants were
enrolled in this study who had not previously been exposed to
SARS-CoV-2, according to a declaration form. The anti-S IgG levels,
as assessed by ELISA, were negative for all control participants.

Long-term SARS-CoV-2 infection has been reported, with some
patients reported as having positive SARS-CoV-2 PCR tests for
longer than 6 weeks (Lin et al., 2020). To confirm that all tested
cohorts were SARS-CoV-2-negative at the time of the study, RT-
PCR was performed for all 38 participants. The negative results
confirmed that all participants were SARS-CoV-2-negative at the
time of this study (these data were obtained from the Saudi (MOH).
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3.2. Previous COVID-19 exposure influences T lymphocyte levels in
recovered patients

Most patients present with lymphocytopenia during COVID-19,
which can serve as an early predictor of disease severity in patients
(Tan et al., 2020); thus, lymphocyte counts can reflect the level of
cellular immunity in patients. Flow cytometry analysis of PBMNs
collected from recovered patients showed significantly increased
levels of CD4" T cells in patients with a history of mild and moder-
ate COVID-19 symptoms compared with those healthy individuals
(Fig. 1a, p < 0.05 and p < 0.0001 respectively). These results indi-
cated that the CD4" T cell percentage increased after recovery from
COVID-19 and that the degree of increase was proportional to the
severity of the clinical manifestation. In contrast, the CD8" T cell
analysis did not show any significant differences between the 3
groups of patients and healthy controls (Fig. 1b, p > 0.05). Thus,
suggesting that SARS-CoV-2 infection does not appear to have a
long-term effect on the CD8" T cell percentage.

3.3. Past exposure to COVID-19 influences B lymphocyte numbers and
IgG production in recovered patients

Cell-mediated immune responses have been shown to play an
important role in response to SARS-CoV-2 infection, as supported
by the production of SARS-CoV-2-specific antibodies post-
infection, indicating the induction of humoral immunity following
recovery (Hashem et al., 2020). Flow cytometry analysis of PBMNs
from recovered patients who presented with mild symptoms
demonstrated a significantly increased percentage of B cells com-
pared with healthy individuals (Fig. 2a, p < 0.0001). A similar
increase was observed for the production of specific anti-S IgG
(Fig. 2b, p < 0.0001), and moreover, anti-S IgG production was
observed in all COVID-19 patients, regardless of whether they pre-
sented as asymptomatic or with mild or moderate symptoms. The
levels of anti-S IgG antibodies remained high for up to 90 days
post-infection in some participants, which reflected long-term
and persistent antibody levels after recovery. Interestingly, when
we compared the specific anti-S IgG levels between total males
and females from all COVID-19 recovered patients’ subset, a signif-
icant increase in anti-S IgG antibody levels was observed for males
compared with females (Fig. 2¢c, p < 0.05). Similar findings of a sex-
dependent humoral immune response against SARS CoV-2 have
been reported previously (Robbiani et al., 2020).

3.4. Past COVID-19 exposure influences natural killer (NK) cells in
recovered patients

Lymphocytopenia is a prevalent COVID-19 marker, with
reduced NK cell counts reported during infection (Yang et al.,
2020). The NK cell numbers were analyzed to determine whether
any long-term decrease in NK cell numbers occurs as a result of
SARS-CoV-2 infection and whether post-infection changes in NK
cell numbers are associated with the severity of the clinical disease
manifestation. In this study, we identified no significant differ-
ences in the percentages of NK cells after recovery among symp-
tomatic patients compared with that in healthy individuals
(Fig. 3, p > 0.05). However, patients with asymptomatic infections
showed a significantly increased NK cell percentage compared
with that in the healthy group (p < 0.05), suggesting a possible role
for NK cells in the manifestation of asymptomatic infections.

4. Discussion

The SARS-CoV-2 infection has had a global impact and can
cause respiratory infections with varying degrees of severity,
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Table 1
Characteristic of participants involved in the study.
No. of Age Sex Days post infection Clinical presentation
participants (mean) (mean)
Control 7 20-43 4 (Male) - Healthy individuals
(32.1) 3
(Female)
Asymptomatic 12 22-63 8 (Male) 40-97 (65.5) Patients showing no symptoms
(37.9) 4
(Female)
Mild 9 23-53 (36) 8 (Male) 33-69 (52.4) Patients with mild symptoms and no oxygen requirements or pneumonia on
1 chest X-ray
(Female)
Moderate 10 23-44 7 (Male) 37-80 (60.3) Patients with respiratory symptoms and lung infiltrates in less than 50% of the
(32.2) 3 lung field
(Female)

*The disease severity was categorized based on Saudi MOH guidelines.
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Fig. 1. T lymphocytes percentage. Peripheral blood was collected from healthy donors (n = 7) and from different group of participants who recovered from COVID-19
infection (n = 31). Participants were grouped based on the clinical symptoms they had during the infection and samples were collected after recovery from the infection.
Using flow cytometry analysis, T cells were identified and the percentage of CD3" CD4" (a) and the percentage of CD3" CD8" cells (b) were calculated and shown in graphs
(mean + SD) *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001(Kruskal-Wallis test with Dunn'’s post test for multiple comparisons).
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Fig. 2. B lymphocytes percentage and IgG concentration. Peripheral blood was collected from healthy donors (n = 7) and from different group of participants who recovered
from COVID-19 infection (n = 31). Participants were grouped based on the clinical symptoms they had during the infection and samples were collected after the recovery from
the infection. Using Flowcytometry analysis B cells were identified as CD3" CD19" and the percentage of B cells are shown in graphs (mean * SD) (a). Serum samples were
collected from all groups and concentration of IgG was measured using ELISA for different group of participants and shown in graphs (mean + SD) (b), IgG level was compared
between male and female (c). *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 (Kruskal-Wallis test with Dunn’s post test for multiple comparisons).
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Fig. 3. Natural Killer (NK) cells percentage. Peripheral blood was collected from
healthy donors (n = 7) and from different group of participants who recovered from
COVID-19 infection (n = 31). Participants were grouped based on the clinical
symptoms they had during the infection and samples were collected after recovery
from infection. Using flow cytometry analysis, NK cells were identified as CD16"
CD56" cells and the percentages were calculated and are shown (mean * SD).
*P < 0.05, **P < 0.01, **P < 0.001, ****P < 0.0001(Kruskal-Wallis test with Dunn’s
post test for multiple comparisons).

including asymptomatic manifestations in some patients. The
World Health Organization has classified COVID-19 as a pandemic,
and scientists have been attempting to understand differences in
the immune responses of patients with various disease manifesta-
tions. Understanding the natural host immune response to this
virus and the role played by this response in the determination
of disease progression can greatly impact both treatment and pre-
vention strategies. We categorized the participants in the present
study according to the COVID-19 coronavirus disease guidelines
established by the Saudi ministry of health (MOH). The Saudi
MOH has established the following categories for disease severity:
asymptomatic, mild, moderate, and severe (MOH, 2020). However,
due to the limited access and difficulty in following up with severe
cases, they were difficult to obtain and include in this study; there-
fore, we opted not to include this category of patient.

The present study aimed to examine whether variations in
COVID-19 disease severity affects the long-term immune status
after recovery. In this study, we examined lymphocyte counts after
COVID-19 recovery in patients with various clinical presentations.
We analyzed lymphocyte counts and anti-S IgG antibody levels to
evaluate both the memory humoral and cellular immune
responses following recovery. Our results provided insights into
the longevity of natural host immunity to SARS-CoV-2 infections.

We have shown in the current study that the CD4" T cell per-
centage increased in all recovered COVID-19 patients compared
with those in healthy individuals. The severity of the COVID-19
disease presentation was positively associated with the level of
CD4" T cells after recovery. This finding was similar to those of
another study, which reported an increase in CD4" T cell numbers
in discharged patients (Lin et al., 2020). Another study investigated
whether these increased CD4" T cells are SARS-CoV-2-specific
memory T cells by examining the T cell response to peptides span-
ning the SARS-CoV-2 proteome. It has been found in other study
that isolated CD4" T cells from all recovered patients were deter-
mined to represent SARS-CoV-2-specific memory T cells (Peng
et al., 2020). Similarly, a study presented by Grifoni et al. demon-
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strated the presence of a CD4" T cell response in all recovered
patients and CD8" T cell responses in 70% of recovered patients
(Grifoni et al., 2020). Moreover, the level of SARS-CoV-2-specific
memory T cells increased in patients who had severe disease pre-
sentation compared with that in patients who presented with mild
cases (Peng et al., 2020), which is similar to the relationship
between CD4" T cells and disease severity that was detected in
our study. This association could reflect the high viral load that
has been reported for severe cases and the resulting T cell exhaus-
tion or could be due to virus-induced immunopathology and a poor
innate immune response. In summary, while our data indicated
that CD4" T cells increased with disease severity, other studies
have reported that increased CD4* T cells in COVID-19-recovered
patients are possibly SARS-CoV-2-specific memory T cells.

The cellular invasion of SARS-CoV-2 requires the receptor-
binding domain (RBD) of the S protein to bind with the
angiotensin-converting enzyme 2 (ACE2) receptor on the cell
membrane. Antibodies against S protein and against the viral
nucleocapsid protein can be detected starting one week after dis-
ease onset and remain detectable for at last three months (lyer
et al., 2020; Lou et al.,, 2020; Xu et al., 2020). We detected an
increase in antibody levels (IgG) in all recovered patients compared
to healthy individual, regardless of disease severity, with the high-
est levels detected in patients who presented with mild symptoms,
that was also reflected in B cell percentage. Other reports have
detected anti-RBD and anti-S IgG antibodies in plasma samples
from recovered individuals (Juno et al., 2020; Robbiani et al.,
2020), although anti-RBD and anti-S IgM antibody responses were
only detected in 15% and 34% of recovered individuals, respectively
(Robbiani et al., 2020). Expanded clones of the viral antigen-
specific B cells were detected in all recovered individuals, with
anti-RBD IgG memory cells detected in recurrent and clonally
expanded antibody responses (Robbiani et al., 2020). However,
which clinical presentations were associated with these observa-
tions was not clear. In this study, we found that mild symptomatic
infections were associated with the highest levels of B cells and IgG
antibodies. However, the variation in the results between individ-
ual in the mild and moderate groups were observed in this study,
no correlation detected in demographic data that could explain
this variation (age, gender or days post infection), therefore, larger
cohort should be analyzed to further examine these findings.

In this study, we detected a significant difference in the anti-S
IgG antibody levels between men and women. Other studies have
also reported the increased activity of neutralizing antibodies in
men compared with women, and this difference was not found
to be associated with age, symptom severity, or symptom duration
(Robbiani et al., 2020). These findings could suggest a difference in
the humoral response to SARS-CoV-2 between males and females
and require further investigation using larger cohorts as well.

NK cells are lymphocytes that play a cytotoxic role during the
innate immune response to viral infections. The role played by
NK cells during COVID-19 disease is not yet well studied. SARS-
CoV-2 patients with moderate to severe disease have been
reported to present low levels of peripheral NK cells that are highly
activated (Maucourant et al., 2020). In the current study, after
recovery, the percentages of CD56* CD16* NK cells in moderate
and severe patients were not significantly different from that in
healthy individuals; however, the asymptomatic patients dis-
played an increase in the NK percentage. This finding suggests a
potential role for the NK cell response in asymptomatic patients
and requires further investigation. Although a clear variation
between the asymptomatic individuals was observed. Yet this vari-
ation was not correlated with any demographic data (age, gender
or days post infection), further study should involve a larger cohort
to confirm this finding and analyze the role of NK cells in COVID-19
asymptomatic infection. This upregulation of NK cells may indicate
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a stronger role for this arm of the innate immune response in
asymptomatic patients, which may represent the first line of
defense that is sustained after recovery.

In conclusion, the lymphocyte levels appear to be affected by
different clinical presentations of COVID-19 among patients. Many
studies have analyzed immune cells in recovered patients; how-
ever, to the best of our knowledge, this is the first study performed
in Saudi Arabia to investigate lymphocyte counts and humoral
responses in recovered patients in different clinical disease mani-
festation. The differences in the NK and B cells percentages among
the groups with varying clinical manifestations might reflect the
different roles these cells play during disease progression. The
small cohort size, resulting in insufficient samples, represents the
major limitation of this study. Additionally, collecting samples
from recovered patients >3 months post infection can provide an
insight into immune restoration in COVID-19 patients. More stud-
ies should investigate the functional differences among these
immune cell types between groups with different disease manifes-
tations, which may provide additional insights into the roles
played by these cell types during natural host immunity. CD4" T
cell can differentiate into different effector cells (T helper 1, T
helper 2, T helper 17, follicular helper T cell and regulatory T cell)
all of which have different roles in viral infection. Additional anal-
ysis of CD4" T cell populations may facilitate the identification of
which CD4" T cell subsets are related to this increase. Likewise,
measuring cytokine levels could also demonstrate the functional
effects of these increased CD4" T cell percentages. Thus, additional
studies examining the functional roles of CD4" T cells and B cells in
response to SARS-CoV-2 would further our understanding of the
cellular immune response during and after COVID-19.
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