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Abstract 

Coronaviruses are significant pathogens for humans. Our findings suggest that antibodies may not have a crucial role 
in long-term immunity against COVID-19, but T cells, a type of white blood cell, could play a critical role. T cells have 
long-term memory in the blood. Investigating mild cases of COVID19 in children is key to understanding the disease, 
as it may uncover important protective mechanisms and therapeutic targets. Children’s milder response to COVID-19 
compared to adults suggests that children have a higher resistance to the virus due to their innate immune system. 
Our results indicate that phagocytes, a component of the innate immune system, play a significant role in eliminating 
COVID-19 in both mice and humans. We also found that CD4+ T cells activate B cells and play a crucial role in prima-
ry infections. Kids have higher levels of natural antibodies (IgM and IgG) compared to adult patients, and the number 
of γδ T cells increases both locally and systemically in kids with COVID-19, but decreases in adults with severe symp-
toms. Our observations have important implications for developing novel vaccines and therapies for COVID-19. To pro-
duce a vaccine, the following factors must be considered: 1) phagocytes, 2) natural antibodies, 3) T cells, and 4) white 
blood cells. The vaccine should be based on T cells instead of antibodies and should also boost the innate immune sys-
tem, including phagocytes. A novel vaccine eliciting a protective immune response against SARS-Cov-2 is suggested. 

Introduction  

Coronaviruses are significant pathogens for humans and 
animals. In late 2019, a novel coronavirus was identified as 
the cause of pneumonia outbreaks in Wuhan, China and 
rapidly spread resulting in a global epidemic [31]. This new 
virus, called COVID-19, led to millions of cases and deaths, 
with symptoms including high fever, cough, and shortness of 
breath. The COVID-19 virus is a beta coronavirus similar to the 
SARS-CoV virus and may use the same receptor for cell entry 
[1]. It is also 96% identical to a bat coronavirus at the whole-
genome level [2-8]. Effective treatments and vaccines for CO-
VID-19 are still needed and require understanding of how host 
immune responses control the infection. Evidence suggests 
recovered COVID-19 patients have acquired immunity based 
on T and B cells, but the exact mechanism remains unclear. 
The immune system is divided into two types: innate and adap-
tive. The innate system quickly detects and responds to com-
mon infections but is limited in specificity. It signals the adap-
tive system, which provides a more target-specific defense 
through B and T cells [8]. T cells are further divided into CD4+ 
and CD8+ cells, with CD4+ releasing cytokines to activate B cells 

and produce antibodies, while CD8+ directly kill infected cells. 
The adaptive system also creates memory T and B cells for long-
term protection. People infected with COVID-19 are able to 
produce specific T and B cells, but the exact adaptive immune 
response to the novel coronavirus is not yet well understood. 

Disappearing Antibodies

The COVID-19 pandemic has shown conflicting results regard-
ing the susceptibility of children to  the virus compared to 
adults. Children's immune systems are dominated by innate 
immunity, whereas adult immune systems rely more on an-
tibodies. This difference may help with developing vaccines 
and therapies. Our research has shown that T cells play a role 
in controlling COVID-19infection, as well as innate defense 
mechanisms demonstrated by clearance of the virus in mice 
depleted of CD4+ and CD8+ T cells [13]. A study also reported 
the importance of CD4+T cells in controlling COVID-19 [14]. 
However, a lack of activation of innate immunity and a barely 
detectable antivirus T cell response was seen in mice in-
fected with a mouse-adapted strain of COVID-19 [9]. On the 
other hand, aged mice infected with a human clinical iso-
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late of COVID-19successfully eliminated the virus, serving as 
a model for host immune responses in clearing COVID-19.
	  
According to the pathological reports for COVID-19, it 
was shown that COVID-19 mainly caused inflamma-
tory responses in the lungs [7]. Several studies showed 
that COVID-19 patients developed lymphopenia and ris-
ing pro- inflammatory cytokines in severe cases [8, 9]. 

Inflammation can be triggered when innate and adaptive im-
mune cells detect COVID-19 infection. Innate T cells can pro-
vide a first line of defense against pathogens. However, how 
innate T cells respond to COVID-19 infection remains unclear.
	  
Mice model 
The contribution of cellular versus humoral immune re-
sponses in the resolution of acute COVID-19 infection has 
not yet been fully understood. In our study, we aimed to de-
termine immune responses during acute COVID-19 infection 
by analyzing viral titers in the lungs of aged BALB/c mice (>8 
months old), young BALB/c mice (<4 weeks old), and SCID 
mice (8 weeks old) after infection with acute COVID-19 from 
a 42-year-old male patient's throat lavage. The mice were 
divided into four groups each: control, CD8+ T cell depleted, 
CD4+ T cell depleted, and CD20+ B cell depleted, with the lat-
ter two depleted 7 days before infection. Results showed that 
aged BALB/c mice had higher titers compared to young BALB/c 
mice and SCID mice, which did not show signs of pneumonia. 
SCID mice, lacking T and B cells, were persistently infected, 
but adoptive transfer of splenocytes from BALB/c mice accel-
erated the elimination of COVID-19 in SCID mice. Depletion of 
CD4+ or CD8+ cells in BALB/c mice led to higher viral loads and 
demonstrated the importance of CD4+ T cells for controlling 
COVID-19. B cell activation by CD4+ T cells was also essential 
for elimination. Our findings have important implications for 
COVID-19 vaccination strategies and demonstrate the role of 
phagocytosis as a first line defense mechanism.	
 
Other blood cells also may serve as effectors for the control 
of COVID-19 Specifically, elevated levels of alveolar macro-
phages, monocyte-derived infiltrating macrophages, and neu-
trophils that were observed also in many SARS patients [18]. 
To investigate the role of these myeloid cells in the clearance 
of COVID-19-infected pulmonary tissue, each subset of these 
myeloid cells was depleted by administration of a specific mAb 
or reagent. Consistent with other reports in SARS [19], alveo-
lar macrophages were depleted for more than 5 days follow-
ing in administration of 100 μL of 33% clodronate liposome. 
The observations of this study highlight the importance of 
cellular and humoral immune responses in the resolution 
of acute COVID-19 infection. The results demonstrate that 
CD4+ T cells play a crucial role in controlling COVID-19 infec-
tion, both directly and indirectly. The elimination of the virus 
requires the activation of B cells by CD4+ T cells, and CD8+ 

T cells are also an essential cell type for the control of CO-
VID-19. Additionally, phagocytosis was found to be an im-
portant first line of defense against invading pathogens, and 
plays a role in the continuous clearance of dying cells and 
tissue remodeling. These findings have important implica-
tions for the development of novel vaccination strategies to 
alleviate COVID-19 associated diseases. The study highlights 
the importance of continued research into the immune re-
sponses involved in the resolution of acute COVID-19 infec-
tion, as this knowledge will be crucial in the development of 
effective treatments and preventative measures for this virus. 

Human model
Phagocytosis plays a crucial role in the immune system, per-
formed by various cells such as neutrophils, macrophages, 
dendritic cells, and B lymphocytes. The majority of COVID-19 
cases are asymptomatic or mild to moderate, but approximate-
ly 15% progress to severe pneumonia and 5% develop ARDS, 
septic shock, or multiple organ failure. Despite this, there is 
limited research on the role of phagocytic cells in COVID-19. 
In our study, we investigated 13 children aged 4-10 with ear-
ly COVID-19 infection and 33 adults aged 18-67 with severe 
COVID-19 infection. We analyzed both innate and adaptive 
immune responses in all patients [24]. The serocon version 
curves revealed that total antibodies and IgM and IgG were 
100% detectable a month after symptom onset, but less than 
40% of patients tested had antibodies in the first week [28]. 
We compared IgM and IgG levels between children and 
adults. Our results showed that children had higher lev-
els of natural antibodies, mostly IgM, during the ear-
ly stages of infection [28]. This is because natural anti-
bodies, which are generated independently of previous 
antigen encounters, play a crucial role in controlling the 
infection before high-affinity antibodies and MBCs can be 
produced. In humans, natural antibodies are produced by 
innate or IgM MBCs, which are most abundant in children. 
Our results showed that adult patients with severe CO-
VID-19 had lower CD4+ and CD8+ lymphocyte popula-
tions, which are strong predictors of in-hospital mortal-
ity, organ injury, and severe pneumonia. These patients 
also had lower total T cell counts, both helper T cells and 
suppressor T cells, and increased cytokine levels (IL-6, IL-
10, TNFα) and lymphopenia. The surviving T cells in se-
vere COVID-19 cases appear to be dysfunctional [28, 32]. 
Cytotoxic T-cells and Natural Killer cells are important for 
generating an effective immune response against virus-
es in humans [33]. Our study found that increased cyto-
kine levels and lymphopenia (significantly reduced CD4+ 
and CD8+ T cells) correlated with disease severity of CO-
VID-19. Patients with severe COVID-19 also had lower 
lymphocyte and higher neutrophil counts in their blood, 
specifically lower CD8+ lymphocytes and NK cells com-
pared to those with mild infection or healthy individuals. 
Among innate immune cells, γδ T cells are known for their 
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Figure 3: Scenario for infection of cell by SARS-Cov2 and pro-
duction and activation of a)T cell b)B cell.

Figure 2: SARS-Cov-2 spike and T cell. 

Figure 1: T lymphocytes, B lymphocytes, Plasma cell, Dendritic 
cell, Marcophage, NK cell, Monocyte, Neutrophil.

Figure 4: Antibodies of SARS-Cov-2 from ref [34]. 

Figure 5: Alterations in human γδ T cells during development 
and aging. (a) Frequency of γδ sub-sets/Total γδ in the cord 
blood during gestational weeks, (b) Frequency of γδ subsets/
total γδ in the periphery with age. (c) Frequency of CD57+ γδ 
cell populations in the periphery with age.	  

rapid proliferation and ability to induce apoptosis, present an-
tigens, and regulate the immune system in response to patho-
gens [10]. In healthy adults, γδ T cells make up 1-10% of cir-
culating lymphocytes, primarily expressing the CD4 and CD8 
double negative phenotype, although some can express CD4 
or CD8 [11,12]. Unlike other T cells, γδ T cells do not recognize 
peptide antigens and their T cell receptors are not restricted 
by MHC, allowing them to respond to pathogen-associated 
molecular patterns and produce cytokines without TCR ligands 

[15]. γδ T cells are known to increase in number postinfec-
tion, playing an important role in the host immune response 
[12-14]. In many infections, the number of γδ T cells increas-
es both locally and systemically a few days’ post-infection. A 
study found that the ratio of γδ T cells among total lympho-
cytes in the lungs significantly increased in mice infected with 
influenza A (H1N1) virus three days’ post infection [16,17]. 
To examine the behavior of γδ T cells during COVID-19 infec-
tion, PBMC samples from 38 patients were analyzed. The re-
sults showed that the percentage of γδ T cells in the peripheral 
blood of COVID-19 patients was drastically reduced compared 
to healthy donors. Unlike in other viral infections where γδ 
T cells increase in percentage, the decrease of γδ T cells in 
symptomatic COVID-19 patients might be due to the differ-
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ent ways various viruses impact γδ T cells [19]. The data also 
showed that the percentage of CD4 γδ T cells increased dra-
matically in COVID-19 patients, indicating a potential role in 
antigen presentation and activation of adaptive immune cells. 
This suggests that γδ T cells may act as a bridge between in-
nate and adaptive immunity in response to COVID-19 [20]. In 
COVID-19 patients, γδ T cells were observed to exhibit a strong 
activation phenotype based on CD25 expression. However, the 
early activation marker CD69 showed no difference between 
patients and healthy donors, potentially due to early expression 
followed by reversion to the quiescent state during recovery. Al-
though a decreased percentage of γδ T cells was observed, the 
expression of PD-1 did not differ between patients and healthy 
donors, suggesting γδ T cells did not undergo exhaustion. 
"In summary, γδ T cells play a crucial role in the immune re-
sponse against COVID-19 infection by immediately respond-
ing to the virus and upregulating the activation marker CD25. 
They work in parallel with other innate cells to provide both 
direct and indirect defenses against the virus. Furthermore, 
the increased expression of CD4 in γδ T cells may serve 
as a biomarker for the assessment of COVID-19 infection. 
In a study, it was discovered that γδ T cells can also act as pro-
fessional phagocytes, a function previously thought to be ex-
clusive to myeloid cells. The study used confocal microscopy, 
transmission electron microscopy, and functional Ag presen-
tation assays to show that freshly isolated human peripheral 
blood γδ T cells can phagocytose and process Escherichia coli. 
These findings support the idea that γδ T cells are evolu-
tionarily ancient lymphocytes and provide insights into 
their role in transitional immunity and control of infectious 
diseases and cancer. They may act as a bridge between in-
nate and adaptive immunity in response to COVID-19 infec-
tion. Additionally, T cells from recovered patients have been 
shown to target the virus, which is promising for vaccine de-
velopment and indicates normal, good antiviral immunity." 
 
Disappearing Antibiotics
Our studies have shown that COVID-19 antibodies can be 
detected in recovered patients for about 8 weeks, but the 
precise timeline is unclear due to the variability of symp-
toms and immune responses among patients. A comparison 
between symptomatic and asymptomatic people revealed 
that asymptomatic individuals had lower antibody levels, 
with about 40% having no detectable antibodies after 8 
weeks. These findings suggest that antibodies to COVID-19 
may not persist for long, however, the presence of memory 
T and B cells capable of reactivating to protect against re-
infection cannot be excluded. The antibodies made by the 
immune system's B cells may disappear in a few weeks, but 
the memory cells generated persist for much longer. Our 
results also show that T cells from recovered patients can 
target the virus, compensating for the disappearance of an-
tibodies and offering promising news for vaccine developers 
as this is consistent with normal, good, antiviral immunity.

Discussion

The COVID-19 pandemic has resulted in over several hundred 

million cases since December 2019, with a mortality rate of 
3%. The worst symptoms of the disease appear to be asso-
ciated with agedependent immune response defects, as the 
mortality rate was over 50% for patients over 65 years of age. 
Retrospective studies of recovered COVID-19 patients sug-
gest that they developed specific acquired immunity, with 
both T and B cells playing a role. Patients who recovered from 
COVID19 had elevated levels of neutralizing antibodies, and 
those who had longer illnesses had lower levels of neutralizing 
antibodies compared to those with shorter illness durations. 
T and B cell responses against COVID-19 are detectable in the 
blood about one week after the onset of symptoms. CD8+ T 
cells directly attack and kill virus-infected cells, while CD4+ T 
cells prime both CD8+ T cells and B cells and produce cytokines 
to recruit immune cells. The first autopsy of a COVID-19 patient 
showed an accumulation of mononuclear cells (likely mono-
cytes and T cells) in the lungs and low levels of hyperactive T 
cells in the peripheral blood. These findings suggest that T cells 
are attracted to the infected site to control the viral infection. 
In COVID-19 patients, increased T cell exhaustion and reduced 
functional diversity predicted severe disease. Despite im-
paired response, patients who recovered from SARS-CoV infec-
tion developed coronavirus-specific memory T cells that were 
present at least two years after recovery. Cytotoxic T-cells and 
natural killer cells are crucial for generating an effective im-
mune response against viruses [22], and functional exhaustion 
of these cells leads to disease progression [23]. Patients with 
COVID-19 had lower lymphocyte and higher neutrophil counts 
in blood compared to healthy controls. CD8+ lymphocytes and 
NK cells were significantly reduced in severe infections com-
pared to patients with mild infections and healthy controls [21]. 
Our study found that the control of the virus infection by 
mouse anti-COVID-19 antiserum was lower when neutraliza-
tion titers against COVID-19 were transferred into recipient 
mice. This suggests that the anti-infective activity of a neutral-
izing antibody is primarily mediated by preventing COVID-19 
invasion, and the neutralizing antibody plays a lesser role in 
eliminating the virus after establishment of infection [32]. 
Therefore, we focused on the cooperation between anti-CO-
VID-19 antibodies and other effectors in controlling COVID-19 
infection. Potential effectors include complement (e.g. C3 and 
other complement-antibody complex pathway members), NK 
cells (mediators of Ab-dependent cellmediated cytotoxicity 
pathway), and Fc gamma receptor-bearing cells (e.g. alveolar 
macrophages, monocytes-derived infiltrating macrophages, 
and neutrophils). We used anti-Gr-1 and anti-Ly-6G antibodies 
to differentiate between monocytes and neutrophils. We test-
ed the role of these effectors by selectively depleting them in a 
mouse infection model using CVF (complement depletion), anti-
IL-2Rβ antibody (NK cell depletion), clodronate liposomes 
(alveolar macrophage depletion), antiGr-1 antibody (mono-
cytes/neutrophil depletion), or anti-Ly6G antibody (neu-
trophil depletion) before or after COVID-19 infection. The 
groups treated with clodronate liposome or anti-Gr-1 anti-
body, but not anti-Ly-6G antibody, failed to eliminate CO-
VID-19 from their lungs by 9 days post-infection. Our results 
indicate that phagocytic cells such as monocyte-derived 
infiltrating macroph are crucial for effective clearance of 
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Figure 6: Average IgM and IgG in kids (13 kids in ages be-
tween 4 and 10) and adults patients (33 adults between ages 
18 and 67) blood per days after infection to COVID-19. One 
may see IgM and IgG in kids patients are much higher than 
adult's patients in beginning days of infection but it becomes 
equal almost after 30 days. Higher IgM and IgG in beginning 
days’ cause production of much more natural antibodies in 
kids' bodies to protect them against COVID-19. This clearly 
shows why kids are more immune against COVID-19. It gives 
also idea about novel vaccination and medicine strategies to 
alleviate COVID-19. 

COVID-19 from the lungs. These findings demonstrate the 
importance of evaluating the interplay between anti-COV-
ID-19 Abs and other effectors in controlling viral infection. 
In conclusion, the outbreak of COVID-19 has resulted in a global 
health crisis with significant impact on mortality. The severity 
of the symptoms and mortality correlated with age-dependent 
defects of the immune response. The immune response to CO-
VID-19 has been shown to involve both T and B cell responses, 
with T cells playing a crucial role in controlling the viral infec-
tion [27]. The results of this study have highlighted the impor-
tance of evaluating the interplay between anti- COVID-19 Abs 
and other effectors in controlling COVID-19 infection. Further 
research is needed to fully understand the mechanisms of viral 
clearance and to develop effective treatments for COVID-19. 
We investigated the innate and adaptive immune systems 
in human patients with COVID-19. In the early stages of in-
fection, we found that natural antibodies play a crucial role. 
These antibodies, mostly of IgM and IgG isotypes, are pro-
duced independently of prior antigen encounters and have 
broad reactivity and variable affinity. In children, natural anti-
bodies are produced by innate or IgM, IgG MBCs and are more 

abundant, explaining their greater immunity to COVID-19. 
Our findings show that the cooperation of antigen-specific 
antibodies and phagocytic cells (monocyte-derived infil-
trating macrophages and partially alveolar macrophages) 
is crucial in controlling COVID-19 infection in both mouse 
models and human patients. This understanding can aid 
in the development of novel treatments for COVID-19. 
In COVID-19 patients, we observed a dramatic increase in 
CD4 γδ T cells within the γδ T cell population, while CD8 γδ 
T cells remained unchanged. This suggests that CD4 γδ T 
cells may play a role in antigen presentation and activation 
of adaptive immune cells during COVID-19 infection and 
serve as a bridge between innate and adaptive immunity. 

γδ T cells exhibit a strong activation phenotype in CO-
VID-19 patients, as evidenced by increased CD25 expres-
sion. However, early activation marker CD69 showed no 
difference between patients and healthy donors. The ex-
pression of PD-1 did not differ between the two groups, 
suggesting that γδ T cells do not undergo exhaustion. 
In conclusion, γδ T cells are able to quickly respond to SARS-
CoV-2 infection and upregulate the activation marker CD25. 
They may work in parallel with other innate cells to defend 
against COVID-19. The increase in CD4 expression in γδ T 
cells may serve as a biomarker for COVID19 assessment. 
 
Conclusion

For a vaccine to be effective, the body needs two types of 
immune cells - B cells and T helper cells - to produce an-
tibodies. B cells are responsible for producing antibodies, 
while T helper cells improve the accuracy and strength of 
the antibodies. Identifying these helper immune cells could 
aid in future vaccine design, especially for vulnerable popu-
lations. T cells, along with antibodies, play a crucial role in 
the human immune response against viral infections by di-
rectly targeting and killing infected cells. In people who have 
recovered from COVID-19, T cell immunity was observed 
while antibodies disappeared 8-10 weeks after recovery. 
The level of antibodies in the blood is usually an indicator 
of vaccine efficacy, however, in the case of COVID-19, this 
is not accurate as antibodies disappear after a few weeks. 
To enhance immunity against COVID-19 in kids and adults, the 
first step is to produce phagocytes (IgM and IgG) for initial pro-
tection through innate immunity. Then, the production of γδT 
cells may act as a bridge between innate and adaptive immu-
nity. A small portion of long-lived T cells, known as memory T 
cells, remains to provide rapid response upon re-exposure to 
the pathogen. Memory T cells have been trained to recognize 
specific antigens and will trigger a stronger and faster immune 
response upon re-encountering the same antigen. B cells are 
activated through T cells and contribute to protection through 
the production of antibodies. Memory T cells will protect 
recovered or vaccinated individuals from future infections. 
In most infections, the number of γδ T cells increases both 
locally and systemically a few days after infection. However, 
in the early stages of COVID-19, a decrease of γδ T cells was 
observed in symptomatic patients, suggesting a crucial role 
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for these cells in the host immune response. Antibodies play 
a key role in the presence of phagocytes, but have a lesser 
role otherwise. Antibodies will disappear from the body of re-
covered patients after 8-10 weeks and should be considered 
when developing vaccines. However, memory T cells remain in 
the body for a longer time and this is promising for vaccine de-
velopment. The main focus for COVID-19 research should be 
to boost the innate immune system, specifically phagocytes, 
which is the reason why children have better immunity against 
COVID-19. T cells play a crucial role in vaccine development, 
while the role of antibodies is not as critical as they disap-
pear from the blood of recovered patients after 2-3 months. 
 
Conclusion and Suggestion

Based on the results of this paper, we suggest the development 
of a vaccine against SARS-CoV-2 that elicits a protective immune 
response. This vaccine should utilize engineered peptides that 
strongly bind to the spike protein of the virus, and use these pep-
tides to trigger the breakdown of viral proteins within cells [29, 
30]. This type of vaccine shouldn't cause a cytokine storm [33]. 
The mRNA in the vaccine should encode a stable form of the 
spike protein, which will be processed by immune cells in the 
lymph nodes and recognized by other immune cells. The ac-
tivation of T cells through MHC class-II will help compensate 
for the short-lived antibodies produced by the SARS-CoV-2 vi-
rus and provide long-term immunity through memory T cells. 
This vaccine approach, which combines peptide-encoding 
mRNA and T cell activation, is a relatively new genetic method 
that does not require the growth of the virus in a laboratory. In-
stead, it transforms the human body into a "living laboratory." 
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