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Abstract: Background: Dentists, safeguarding against contagious diseases, face
infection risks. The study aimed to assess post-COVID immunity, quantification of
salivary biomarkers for prognostication, and immune surveillance. Materials and
methods: A cross-sectional study was done on 91 working Iraqi dentists from June to
August 2022. The dual IgG s1 &n, and IgA s1 &n specific to COVID-19 were measured by
ELISA-specific kits from serum and saliva. From randomly selected 36 out of 91
participants CD4 and subtypes TH1 and TH2 were counted by flow cytometry from fresh
whole peripheral blood. Results: All CD4, Thl, and Th2 percentage levels were reduced
as a whole if compared to known normal value, and Th2 elevated and inhibited the level
of Thl in all study individuals. All cells were significantly associated with a positive
history of COVID-19 infection whereas the CD4 was significantly related to the Pfizer type
of vaccine, loss of both sense and recovery time within 15 days. A positive correlation was
found between CD4 and Th2 and CD4 with IgG n in serum; this antibody was highly
significant with positive COVID-19 infection higher than that of serum IgG s1. Noticeably,
the IgA (s+n) in serum was associated with a positive history of infection and could be
detected in individuals with a duration of the last infection >1-2 years and last vaccine
duration > 6- 12 months. Conclusion: A low percentage level of CD4 and an imbalance
Th1/Th2 ratio made the recovered individual more susceptible to re-infection but the
significantly high percentage of specific COVID antibodies followed one time of infection
or booster vaccine dose gave their protection.

Keywords: Post covid-19, CD4, Th1 and Th2, IgG, IgA.

Antibodies are proteins synthesized after infection or vaccination against an infection. They can
protect from infection, or severe illness after infection, but the period they last differs for each person
and depends on the disease pathogenesis. An antibody test may not show current infection, because
antibodies are only detected 1 to 3 weeks post-infection . Antibody levels; may correlate with the
clinical severity of the disease ?. Mild and asymptomatic infections result in weaker immune response
©.In COVID-19 patients, nucleocapsid detection demonstrates that viral RNA is securely stored and
protected from the host environment aiding replication and propagation of the virus ©.

Anti-N and anti-S (IgG) antibodies, along with other proteins like Spike (S1), Receptor Binding Domain
(RBD), membrane, and envelope, are significant because they have been found to remain in the body
for extended periods ©). Measuring both IgA and IgG antibodies together offers a dependable method
for assessing COVID-19 incidence, especially in populations with low antibody prevalence ©- The anti-
RBD IgA antibodies are short-lived and persist for up to 2 months after the onset of symptoms (5). IgA
antibody determination used in identifying an acute/recent SARS-CoV-2 infection ©.

The Nucleocapsid (N) protein is a target protein for vaccine development (6) The (N) protein acts as a
representative protein for SARS-specific T-cell proliferation in a vaccine setting ). The IgG, IgA, and
IgM antibodies acting against (N) proteins can be identified in COVID-19 patients ®. Antibodies
targeting the S1 protein have a greater neutralizing capacity than those directed at the N protein, owing
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to their role in infection ®). Detecting antibodies to the spike (51 and RBD) proteins of SARS-CoV-2 is
crucial for understanding a patient's immune response and identifying N antibodies ©. In contrast to
anti-S1 and anti-RBD antibodies, anti-N antibodies typically do not have neutralizing effects, and no
direct link has been found between the levels of anti-N antibodies and neutralizing antibody titers,
unlike the relationship observed with anti-S1 and anti-RBD antibodies. It's also important to note that
not all anti-S1 and anti-RBD antibodies are capable of neutralizing. (9. Antibody testing does not assess
an individual’s protection against severe COVID-19 infection or demonstrate the need for vaccination
in an unvaccinated person (.

SARS-CoV-2-specific antibody screening plays a crucial role in evaluating the effectiveness of vaccines
(12). It helps quantify how quickly antibodies develop after vaccination to combat various SARS-CoV-
2 strains . A third dose (booster) of the vaccine can stimulate stronger antibody responses (4 15,
Clinically meaningful levels of anti-spike IgG antibodies may be seen between the second and third
doses, with an increase ranging from 5% to 45% (9. Several factors influence this increase, such as
whether the same vaccine is used for all three doses or if a different vaccine is used for the booster
(heterologous vaccination) 7). When interpreting immunity results, it is important to consider both the
timing between the second and third doses and the timing of serum collection after the third dose. A
heterologous vaccination regimen may offer enhanced serological protection for patients. For example,
primary vaccination with AstraZeneca (OxA) has been associated with higher neutralizing antibody
responses against both the Beta and Delta variants of SARS-CoV-2 (9.

In terms of booster vaccinations, studies have shown that homologous regimens, such as Moderna
(MDN) and OxA, result in higher antibody responses compared to Pfizer-BioNTech (BNT)
vaccinations 1. MDN-vaccinated individuals have demonstrated a stronger serological response
against Omicron than BNT-vaccinated individuals after two doses 9. However, patients who received
the BNT booster exhibited a higher serological response compared to those who only received the
MDN vaccine @D,

Assessing antibodies to both the S and N proteins enhances the sensitivity and reliability of detecting
antibodies against the virus. Additionally, understanding the varying IgG responses of N and S
antibodies, as well as their long-term kinetics, is vital for effectively characterizing patients both during
SARS-CoV-2 infection and after vaccination (7.

A detectable T-cell response after the second dose of the vaccine, which further increases following the
booster dose, suggests that the third vaccination enhances anti-SARS-CoV-2 T-cell immunity ?2. For
individuals with a limited serological response after two doses, the booster dose can help stimulate
anti-SARS-CoV-2 T-cell activity 9. T-cell counts may also be slightly elevated in those who received
the booster compared to those who did not @). CD4+ helper T cells are a heterogeneous group crucial
for regulating immune responses and are involved in various processes, including infection,
autoimmune diseases, cancer progression, and chronic inflammation ). These cells are classified into
subgroups based on distinct transcription factors and cytokine profiles: Th1 cells, which express T-bet,
produce Tumor Necrosis Factor-alpha (TNF-a), Interferon-gamma (IFN-y), and Interleukin-2 (IL-2);
and Th2 cells, characterized by the expression of GATA-3, which secrete IL-4, IL-5, and IL-13 (24).
Research on SARS-CoV-1 infections has shown that while antibody levels typically decline within 1-2
years post-infection, T-cell responses can last for up to 17 years @>.

Peripheral T-cell depletion is closely associated with adults who have COVID-19, with the degree of
depletion being positively correlated with disease severity. In contrast, asymptomatic individuals and
children typically maintain higher peripheral T-cell counts (26). While pre-existing cross-reactive T
cells may help accelerate the clearance of SARS-CoV-2, their exact role remains uncertain. However,
there is evidence suggesting that a well-balanced T-cell response could help prevent or reduce the
severity of COVID-19, while a delayed or insufficient response may contribute to increased tissue
damage @.
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The presence of a high number of Th1 lymphocytes and inflammatory monocytes in bronchoalveolar
lavage and lung biopsies from critically ill COVID-19 patients suggests that an excessive cellular
immune response may severely impact lung function by disrupting the pulmonary microcirculation.
This cellular immune response to the viral infection is primarily driven by interferon (IFN), with type
IIFN playing a crucial role in this process @9.

The ratio of Th1 to Th2 responses plays a significant role in determining the outcome of COVID-19. A
well-regulated Th1l immune response is essential for effectively clearing the virus once it is detected.
However, if this response becomes dysregulated, it can lead to an exaggerated immune reaction,
triggering a cytokine storm that activates Th2 cells and diminishes the number of Th1 cells, thereby
increasing the presence of activated Th2 cells ®. In COVID-19 patients, an excessively active Th2
response has been linked to worse prognoses, with Th2 cells being identified as an independent risk
factor for mortality, especially in patients with high total lymphocyte counts ©9. This imbalance may
result in excessive activation and proliferation of various immune cells, including neutrophils,
macrophages, dendritic cells, mast cells, and Th17 cells, fueling uncontrolled inflammation driven by
innate immune cells and potentially leading to tissue damage ©V.

Methods

This cross-sectional study was conducted on 91 dentists from Baghdad City working in primary
health centers and private clinics. Following ethical approval (Ethics Committee for Research from the
College of Dentistry, University of Baghdad, Baghdad, Irag, under protocol number (460722) and
informed consent, Sample collection was undertaken between 9th March 2022 to 21st September 2022;
Participants vaccinated with vaccines other than Pfizer or AstraZeneca were excluded from the study.

A questionnaire was completed by one examiner which included demographic information, medical
history, COVID-19 infection data, and others.

Sample collection

Each participant underwent saliva, and blood sample collection by the same examiner. The whole
saliva was centrifuged and the supernatant was collected in a microcentrifuge tube. Blood serum was
collected in a microcentrifuge tube and stored at -4C. Whole fresh blood was collected daily from
participants using an Ethylenediaminetetraacetic acid (EDTA) anticoagulant tube. Around 1ml was
prepared for detection of CD4, Thl, and Th2 by flow cytometry, procedure, and kit from “Biolegend
enabling legendary discovery”, United States.

Following collection and storage, serum and saliva samples were applied to a sterile 96-well plate for
ELISA analysis to detect the Antibodies.

The ELISA kit utilized indirect enzyme-linked immunosorbent assay (ELISA) technology. SARS-CoV-
2 antigens (N and S proteins) were pre-coated onto 96-well plates. Test samples were added to the
wells, and unbound conjugates were removed by washing with a wash buffer. Biotin-conjugated anti-
human antibodies were introduced, followed by another wash with the buffer. Next, Horseradish
peroxidase (HRP)-streptavidin was added, and unbound conjugates were washed away.
Tetramethylbenzidine (TMB) substrates were employed to visualize the HRP enzymatic reaction,
where TMB catalyzed by HRP produced a blue color that turned yellow after the addition of an acidic
stop solution. The optical density of the resulting color was measured using a ' Huma Reader HS device'
at 450 nm, with a reference wavelength set to 650 nm. The following kits were used in this study:
Human Anti-2019 nCoV IgA ELISA Kit V2.1 Catalog No.: MBS7612290 x2; Human anti-SARS-CoV2(N)
IgG ELISA Kit V1.5 Catalog No.: MBS7608188 x2; Human SARS-CoV-2 Spike Protein S1IgG manual
version:18.12.1 Catalog No.: MBS2614310 x2. All six kits are designed for the quantitative detection of
anti-SARS-CoV-2 antibodies in serum, plasma, and other biological fluids.
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Statistical analyses

The detailed description of each variable was conducted using the Statistical Package for Social
Sciences (SPSS) version 26. Participant details were linked to serial numbers, and the collected data
was managed daily. Data were presented as mean + standard deviation or frequency/percentage,
depending on the variable type. To assess differences between two independent continuous variables,
an independent sample t-test (for normally distributed data) and Mann-Whitney U test (for non-
normally distributed data) were used. For comparisons involving more than two independent
continuous variables, the ANOVA test (for normally distributed data) and Kruskal-Wallis test (for non-
normally distributed data) were applied. The chi-square test and Fisher’s exact test were used to assess
the relationship between categorical variables. Correlation tests were used to assess the strength and
direction of the relationship between the studied variables. A confidence level of 95% with a P-value
equal to or less than 0.05 was considered significant.

Results

Based on the initial demographic and COVID history questionnaire taken during the first
examination, the 91 participants were classified into four groups. 19 were “Asymptomatic and had
not been diagnosed with covid”, 26 were classed as previously “Infected”, as they had a history of
infection or not; 25 as “Booster”, 21 as “Unvaccinated” according to the number of doses of vaccine
taken Table 1.

Table 1: Demographic features of the participants.

Variables Asymptomatic Infected Booster unvaccinated

Frequency % Frequency % Frequency % Frequency %
No.=19 No.=26 No.=25 No.=21

Age groups

<35 years 15 78.9 19 73.1 18 72 16 76.2

>35 years 4 21.1 7 26.9 7 28 5 23.8

Gender

Male 6 31.6 9 34.6 8 32 10 47.6

Female 13 68.4 17 65.4 17 68 11 524

Humoral immunity

The serological antibodies used in this study were IgG and IgA for both serum samples and saliva
samples, the IgG and IgA were specific for both spike protein and nucleocapsid protein of the COVID-
19 virus. The result of these ELISA kits for those specific proteins was calculated quantitively and
qualitatively. The’ Huma reader HS device’ was used on wavelength 450nm for reading and
calculation from point to point.

Regarding the IgA level in serum the highest value in the infected group (5.1+4.9) followed by the
booster group (4.8+4.1), the unvaccinated group had a higher level of IgA in serum than saliva (3.2+4.1)
while the lowest serum level of IgA showed in the asymptomatic group (2.2+2.4) which was the only
group had saliva IgA level higher than that in serum. The quality of IgA in saliva and serum also
showed a variation within the groups of this study. Unlike the quantity value of IgA in serum, the
positive IgA (qualitative) level in serum was higher than in saliva in all groups. The highest positive
level of IgA in serum was expressed in the infected group (23;92.3%) and the lowest level in the
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asymptomatic group (11;57.9%). The highest positive level of saliva IgA was in the booster group
(15;60%) and the lowest level of it was in the unvaccinated group (8;38.1%), Table 2.

Table 2: The quantities and qualitative values of Antibodies (ng/ml) related to COVID-19

participants:

Antibodies Study groups

Asymptomatic Infected Booster Unvaccinated
Quantitively mean
*#SD (ng/ml)
Saliva IgA 3.8+3.8 3.8+4.3 3.5+3.6 27+28
Serum IgA 2.2+2.4 5.1+49 48+41 3.2+4.1
Saliva 1gG sl 30.9+10.8 36.2+10.6 36.9+12.4 29.1+14.1
Serum 1gGsl 36.8+23.7 45.2+27.9 49.6+27.8 37.1+28.2
Saliva 1gG n 28.0+16.9 23.1+16.5 27.4+14.2 18.7+10.9
Serum 1gG n 36.1+23.5 40.3%£15.9 44.1+18.6 30.9+17.1
Qualitative
Percentage %
Saliva IgA 42.1 50 60 38.1
Serum IgA 57.9 92.3 92 66.7
Saliva 1gG sl 47.4 76.9 80 47.6
Serum IgGsl 47.4 69.2 76 38.1
Saliva IgG n 47.4 385 64 333
Serum IgG n 63.2 92.3 92 66.7

The Relation of IgA Serum with Other Variables

The quality level of serum IgA was significantly related to the presence of infection (Person Chi-
square=33.37; p-value =0.000) or (Fisher’s Exact=17.18; p value=0.001 51/91 participants showed the
presence of IgA in serum with a history of infection compared to 18 with positive IgA level but with
no infection history.

A significant relationship could be found between the serum level of IgA and the duration of the last
infection (Person Chi square=15,97; p-value 0.043) or (Fisher’s Exact=16.13; p-value=0.016). A high
proportion of participants with serum IgA positive value was shown in whom had a duration of last
infection from 1-2 years (22; >1-2years); more than that with last infection duration 6-12months
(17;>6months-lyear) and the lowest proportion of individuals with serum IgA positive and had last
infection duration less than 6months (14; < 6months). Regarding the last vaccination dose with serum
quality of IgA, a significant relationship was found between the positive value of IgA and the duration
of the last vaccine dose (Person Chi square=13.53; p-value=0.035) or (Fisher Exact=11.75; p-
value=0.033). The highest value of IgA was expressed in the last duration of the vaccine (35;>6 months)
followed by (23; < 6 months), Figure 1(A, B).

The IgG Spikel protein in Saliva and Serum

The mean value of IgG to Slprotien in serum and saliva showed the same level of elevation in all study
groups with a higher level in serum than in saliva, the highest level of these antibodies showed in the
booster group of both serum and saliva (49.6+27.8; 36.9+12.4) respectively whereas the lowest value in
serum showed in the asymptomatic group (36.8+23.7) and that of saliva in the unvaccinated group
(29.1£14.1), Table 2.

Whereas the quality level of IgG to Slprotien showed a variation from the quantity value within each
study group regarding saliva or serum, the highest positive value of this antibody in saliva showed in
the booster group similar to the quantity value (20;80%) while the lowest positive value showed in the
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asymptomatic group (9;47.4%). The serum’s positive quality value also showed the highest value
within the booster group (19;76%) while the lowest positive value was in the unvaccinated group
(8;38.1%), Table 2.

The Relation of IgG S1 with other variables

The serum IgG S1 percentage value was significantly related to olfactory clinical dysfunction (Person
Chi square=23.6; p-value=0.024) or (Fisher’s Exact=27.9, p-value=0.006). As more positive values
expressed moderate and mild scores of hyposomnia, severe and complete anosmia showed in low IgG
sl values. The saliva IgG sl value percentage was significantly related to loss of sense and a high
percentage of IgG S1 in saliva expressed in the loss of both senses, figure (1. E, F). The serum IgG S1
value percentage was significantly related to times of infection (Fisher’s Exact test=11; p-value=0.05) as
more of a positive value of serum antibodies was presented in participants with one time of infection;
also was significantly related to the last vaccine dose (Person Chi-square=14.8, p-value=0.021) or
(Fisher’s Exact test= 13; p-value=0.022) as a high percentage value of serum IgG slexpressed in
participants with last dose vaccine duration of >6 months -lyear, followed by < 6months, Figure (1. D,
G).

Saliva and serum IgG nucleocapsid

A specific antibody for nucleocapsid protein of the COVID-19 virus was measured in both serum and
saliva, the quantity amount mean of IgG n in serum was higher than that in saliva in all study groups,
and the highest value of serum IgG n mean value was showed in the booster group (44.1+18.6) while
the lowest mean value of this serum antibody was in the unvaccinated group (30.9+17.1). On the other
hand, the mean value of this antibody in saliva showed the highest mean value in the asymptomatic
group (28.0£16.9) and the lowest mean value in the unvaccinated group (18.7£10.9). The quality value
percentage of IgG n in serum was higher than that of saliva in all study groups, the highest percentage
value was in the infected group (24; 92.3%) while the lowest value was in the asymptomatic group
(12;63.2%), while the saliva IgG n percentage value was showed the highest percentage in the booster
group (16;64%) while the lowest percentage was in the unvaccinated group (7;33.3%), Table 2.

The Relation with Other Variables

The percentage value of IgG n and IgG S1 of both serum and saliva in this study was associated with
the infection status of participants (Fisher’s Exact =9.39;p-value= 0.038) for serum IgG n value; and
( Person Chi-square test; p-value=0.000) or (Fisher’s Exact=10.6;p-value=0.018)for saliva IgG n value,
as a high positive percentage of IgG n was expressed in those participants who had a positive infection
more than those with negative infection history regarding both serum and saliva and (Fisher’s Exact
test=9.6; p-value =0.031) for salivary IgG Sland (Person Chil square=28; p-value=0.000) or (Fisher’s
Exact test=13; p-value=0.004) for serum IgG S1, the more positive value of antibodies participants had
a history of COVID-19 infection, Figure (1-H).

Cellular immunity

Fresh whole blood in the anticoagulant tubes was randomly selected, from 36 out of 91 participants
from the study groups, after being processed and read by flow cytometry the data was analyzed by
FCS EXPRESS 7programme, and the following output results could be detected, Figure (2).

The average value of each three cells in the four study groups showed approximate linearity in all
average values of TH1 in the four groups with an average percentage value of this cell in the booster
group (2.769%) and the lowest average percentage value in the unvaccinated (1.382%). The average
percentage of TH2 was higher in the asymptomatic group (10.4%) and the lowest in the infected group
(7.41%). The average CD4 cell percentage was high in the unvaccinated group (22.236%) and lowest in
the infected group (15.756%), Figure (3-A).
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Figure 1: The Antibodies in serum and saliva in relation to other variables. A: Serum IgA relation
with (+) COVID-19 infection. B: Serum IgA relation with last infection and vaccine duration C: Serum
and saliva IgGslrelation with (+) COVID-19 infction.D: Serum IgGslwith frequency of infection.E:
Serum IgGslrelated with olfactory dysfunction scores more lower scores mean ansomia.F: Saliva
IgGsl related with loss of both senses smell& taste.G: Serum IgGs1 with last vaccine duration.H:
Serum &saliva IgGn relatd to (+) COVID-19 infection.
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The immune cells’ relation

The CD4, TH2, and THlcells percentages had a significant relation to the infected participants (p-
value=0.001,0.008,0.008) respectively, as more than half of the tested participants had experienced
infection with COVID-19 (21out 36) had ‘yes’ answers of infected or not? Against 13 had ‘No” and 2
“don’t know”. On the other hand, only CD4 had a significant association with many times of infection
(p-value=0.017) as 13 of the 21 infected participants had a one-time infection, 6 had twice infections
and only 2 participants had more than twice. The CD4 percentage related to the loss of both senses (p-
value=0.009), 14 participants out of 36 had lost both senses,1 lost taste only, and 2 had lost smell only.
From the 17 loss senses participants, 11 recovered their sense loss within 2 weeks, 3 recovered within
15 days a month, and 3 recovered within > 1 month the CD4 percentage related to the recovery time
(p-value=0.01). The vaccine type related to CD4 (p-value=0.03) 26 participants out of 36 received Pfizer,
so the CD4 significantly related to the Pfizer type of vaccine, Figure 3. (B, C, D, E, F).

04

10° 1
IFN GAMMA

Figure 2: The density plots and histogram of 6 plots for the infected participant
Discussion

The cluster determinant 4 (CD4) molecules express the T cells which contain members of the
immunoglobulin and mediates adhesion to the major histocompatibility complex. It proliferates
rapidly during acute infection and is exposed to rapid impairment and death. The CD4 count,
measured through flow cytometry, is expressed as a percentage. A CD4 percentage between 14% and
28% corresponds to an absolute count of 200 to 500 cells per microliter, while a CD4 percentage below
14% corresponds to an absolute count of fewer than 200 cells per microliter, a classification used by the
Centers for Disease Control and Prevention (CDC) in defining AIDS ©2).

In this study, the CD4 percentage ranged from 15.76% in infected individuals to 22.24% in unvaccinated
individuals. CD4 memory T cells, which may have been induced by prior exposure to common cold
human coronaviruses or by the primary COVID-19 vaccination, became specific to SARS-CoV-2. This led
to an increase in CD4 T cells during the initial COVID-19 infection and the onset of clinical symptoms 3.
Memory T cells persist in individuals who have recovered from the illness. In severe COVID-19 cases, the
number of CD4 T cells specific to COVID-19 decreased, along with reduced production of IL-4 and IFN-
y . T-helper lymphocytes start as naive cells (ThOs), which, when activated, differentiate or "polarize"
into type 1 (Thl) or type 2 (Th2) lymphocytes 5.
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Figure 3: The CD4 relations to many variables, A- Average percentage of CD4, Th1, Th2, B- CD4 relation
positive COVID-19 infection, C- The times of infection, D- loss of both smell and taste sense, E- The relation
with recovery time within 15 days, F- The relation with Pfizer type of vaccine.

The recovered participants in this study had a lower percentage of Th1 than Th2 in all study groups which
could be explained by the later stages of recovery, Measuring Thl cytokines in the early stages of the
disease is valuable as an early marker for diagnosing and classifying disease severity ¢. The proportions
of Th1 and Th2 cells were higher in patients when the disease was in remission, compared to when they
were lower than those in healthy controls @53, As the disease recovers, the immune system strengthens
and better regulates immune responses, leading to a reduction in disease severity 8. The percentage of
all cells was significantly related to infection of COVID-19 since most of the study participants had a
history of positive infection of COVID-19. The detection of specific T cells in individuals with a negative
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history of COVID-19 infection in the asymptomatic group in this study has been attributed to cross-
reaction with peptides from common cold human coronaviruses ©.

The population of CD4 cells within this group of donors had a reduction compared to normal persons in
time other than the pandemic this was associated with a reduction in absolute numbers of subpopulations
Th1, and Th2 ¢9; This could be explained depending on postulated cytopathic effects of the virus that
caused direct infection to lymphocyte or suppression of bone marrow by antiviral agents “b. The CD4
cells positively correlated to Th2 subtypes with a high significant value (person correlation=0.442;
p=0.007) at p-value 0.01, on the other hand, a positive non-significant correlation could be found with
Th1. The Th1 deficiency may be due to inhibition by elevated levels of Th2 cells and its secreted cytokines
like IL-4 2. This finding agreed with other studies®“0.

CD4 count is significantly associated with a single infection compared to multiple infections, which aligns
with the study's suggestion of increased susceptibility to infection. This increased susceptibility may
result from an imbalance between Thl and Th2 cells, as indicated by the findings of this study. loss of
both sense of smell and taste as a complication of COVID-19 associated with CD4 levels this could be
explained that T-cell mediated inflammation persists in the olfactory epithelium after SARS-CoV-2 has
been eliminated from the tissue, suggesting the underlying mechanism of smell loss in post-COVID *3)
with Fast recovery within 15 days.

A significant relation between CD4 and Pfizer type of vaccine; this could be explained by that the vaccines
can trigger ‘antimicrobial resistance’ by increasing baseline immunity and can train the immunity to
donate protection against the pandemic. Despite all, the booster dose ‘which was Pfizer restricted in this
study’; can cause reprogramming trained of immune cells at functional levels, epigenetic, and
transcription®. The study findings agreed with a previous study on recovered individuals following
mRNA prime and boost vaccination that induced rapid antigen-specific CD4* T cell responses and Th1
and Tfh cell responses following the first dose ®%. The study observed that BNT162b2 vaccination had
immune responses that exceeded the response of actual COVID-19 infection in specific T cell and antibody
levels; the efficacy of >75% as early as 15 to 28 days after primary vaccination 9. This coincided with this
study's findings as a higher percentage of CD4 levels shown in the unvaccinated group as the individual
within this group included participants received only a single dose of vaccine whether Pfizer or
AstraZeneca This confirmed to get protection from hospitalization (85-94%) for one month period “7.

A positive influence of these cells on the humoral response to COVID-19 especially spike protein serum
antibodies was found to correlate with levels of IgG and IgA titers ®3. This could be true in some sort in
this study as CD4 levels positively and significantly correlated to serum IgG n but weakly non-significant
correlated to IgG s and IgA s& n in both serum and saliva. COVID-19 vaccination promotes long-lasting
memory cell production after two doses, independent of previous infection status. The presence of
secretory IgA (S IgA) gives the defense mechanisms to mucosal surfaces and can be measured in saliva,
Secretory IgA levels showed a highly significant difference in the followed-up group after the first
vaccination®). IgG and IgA antibodies against the SARS-CoV-2 Spike proteins can be detected in saliva
60 Serum circulation IgA antibodies at 2-3 mg/ml could be detected in a previous study ©Y; this study
showed higher levels of serum IgA as a general whole participant they showed 3.8 mg/ml regarding the
groups the infected group showed a higher level 5.1 mg/ml, this could be due to the inverse correlation
between titers of IgA and viral loud after a period of COVID-19 symptoms disappear this could be express
in this study as a significant relation found between history of covid infection and IgA titers in serum, as
IgA (+) individuals seem to have mild symptoms or they are asymptomatic 2 this was completely true
with this study findings as the quantity of IgA S+N in saliva of asymptomatic group higher than that
quantity in serum.

Changes in the humoral response following vaccination were noted 15 to 20 days after the first dose and
5 to 7 weeks after the second dose. Specific IgA titers began to decline starting at the third month, with
anti-S IgA levels dropping significantly and becoming undetectable by the sixth month following disease
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onset in all cases “9. this finding was unagreed with this study's findings as a significant relation between
the last vaccine dose >6-12months and IgA antibody titers and a significant association between these
antibody titers and the last infection of covid duration which mostly with a period >1-2 years till the time
of examination this could be explained great genetic differences exist in IgA activity between different
populations and ethnic variations 3. Serum IgG is an important antibody in dedicated immunity, acting
after innate immunity ¢V, and persists for more than 12 months after the onset of symptoms, even though
their concentrations decline over time. ¢4,

Some studies suggest that individuals with symptomatic SARS-CoV-2 infections exhibit significantly
higher levels of SARS-CoV-2 spike (anti-S) protein antibodies compared to individuals with
asymptomatic infections, this could be completely agreed with this study result, a high significant relation
was found between the history of COVID-19 infection and the level of IgGsl in both serum and saliva.
The IgG sl levels were higher in the infected group than asymptomatic group and the level of IgG sl in
both groups was higher in saliva than in serum Besides of level of IgG s in the other two groups booster
and unvaccinated groups had a higher level in the the saliva than serum, in all groups of this study in
both positive quantity and quality the level of IgGsl in saliva was higher than serum ©5).

These high levels of saliva IgG s1 were associated with loss of both sense smell and taste in samples of
this study as it was one of the COVID-19 complications while the serum levels of this IgG were associated
with clinical olfactory dysfunction as anosmia complaint individual expressed low level of IgG s1. A
significant relation between the level of IgG s1 in serum and times of infection as a high level of this serum
antibody is expressed in one-time infection individuals this agreed with study findings showed that
younger individuals with asymptomatic COVID-19 had lower levels of IgG antibodies, which could
increase their vulnerability to reinfection ¢4. On the other hand, a more sustained antibody response was
still detectable seven months after acute SARS-CoV-2 infection, indicating that symptomatic cases may
lead to higher and longer-lasting antibody concentrations ¢9. IgG antibodies targeting the S protein are
regarded as protective, making them the main focus in the development of COVID-19 vaccines; this co-
incised with a high level of IgG sl level significantly related to the duration of the last dose of vaccine >6-
12months.

A high concentration of IgG against N-protein caused a threefold increase in risk of admission to the ICU.
It could be theorized that N protein IgG may favor a higher inflammatory response during infection of
COVID-19 @7, this coincided with this study results as the level of IgG n of positive history of COVID-19
infection much higher than the level of IgG slin serum of the same positive history individuals with high
significant relation (p-value=0.000) between this antibodies level and history of COVID-19 infection. The
presence of N protein particles on the membranes of infected cells could help explain the process by which
natural killer cells, neutrophils, and macrophages interact with IgG antibodies. This interaction
contributes to the elimination of infected cells. Furthermore, the formation of immune complexes
targeting the N protein may serve as an effective mechanism for clearing the virus ©9.

Conclusions

The CD4 cells and all three serum antibodies levels were significantly related to positive COVID-19.
Imbalance between Th1 and Th2 increased susceptibility to reinfection with COVID-19. Infection beside
the saliva antibodies of both IgG s and n protein were also significantly related to infection. The CD4 cells
positively and significantly correlated with IgG n, which was higher related to COVID-19 infection than
IgG s. Unlike previous findings the IgA could be detected for a longer time in the serum and saliva of
post-COVID-19 individuals regardless of the duration of the last infection or last vaccine.

Limitation of the study

Detection of the amount of INF-y, and IL-4 in the serum of individuals about flow cytometry counting
of cell percentage could provide an accurate association and a cut point about the amount of TH1 and
TH2 in the blood of post-COVID-19 individuals.
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