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Abstract

Background & Aims: The response of the human immune system to the COVID-19 disease is of vital importance in many ways,
including determining the place of serological methods in the survival of patients. Therefore, the present study was designed and
implemented with the aim of determining the specific antibody titer against SARS CoV-2 during hospitalization and one month after
discharge in children hospitalized in Shahid Motahari Hospital in Urmia.

Materials & Methods: In this longitudinal study, hospitalized patients with positive RT-PCR test were included in the study due to
COVID-19. Inclusion criteria included age less than 15 years and parental consent, and exclusion criteria included immune system
disorder or developmental disorder and negative RT-PCR test. Demographic information and severity of the disease along with
specific antibody titer of SARS-CoV-2 were evaluated and extracted for all patients.

Results: The average age of the 40 studied patients was 2.48 years, and 32.5% of them were girls. The average level of IgG during
discharge and one month after discharge was equal to 73.66 and 128.36, respectively, and it was significantly higher one month after
discharge than during discharge (p<0.001). There was no statistically significant difference between the two sexes in terms of
antibody titer during discharge (p=0.77) and one month after discharge (»p=0.31). There is no significant relationship between the
specific antibody level of SARS-CoV-2 during discharge (#=0.12 and p=0.45) and one month after discharge and length of
hospitalization. There was no statistically significant difference between disease severity and antibody titer during discharge (p=0.54)
and one month after discharge (»p=0.20).

Conclusion: The specific antibody titer of SARS-CoV-2 increases significantly after one month of discharge. There was no
significant difference between the level of this antibody during discharge and one month later between girls and boys and people with
different severity of the disease. No significant relationship between antibody titer and hospitalization time was observed.
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Introduction

The spread of Covid-19 virus in the city of Wuhan
(China) during the past two years and its transmission
to the whole world including Iran (since February
2018), increased the number of the people infected
with the above-mentioned virus in this country since
mid-March, 2018(1). Consequently, several specialized
centers in different cities were used to take care of this
group of patients (2). Coronaviruses are enveloped,
non-segmented and single-stranded RNA viruses. They
have their origin in animals and belong to the
Coronaviridae family and the Nidovirales category.
The size of the virus genome ranges from 17 to 91
kilobases. Therefore, they are among the largest RNA
viruses. These viruses have two different types of
surface proteins and get their name from their
appearance. The family of coronaviruses is divided into
4 genera in terms of genotyping and serology
including: alpha, beta, gamma, and delta. Human
coronaviruses are caused by alpha and beta genera.
This large family constitutes the cause of a wide range
of viral diseases ranging from colds to more severe
diseases such as Middle East Respiratory Syndrome
(MERS-CoV) and SARS-CoV (3).

The COVID-19 pandemic has affected the entire
world. It is considered to be a serious threat to the
public health. According to the first study of the
patients who were infected with the new 2CoV-SARS
coronavirus, the incubation period of this virus was 5
days on average and ranged from 4 to 7 days. The time
interval between a person's exposure to the virus and
the appearance of the clinical symptoms is called the
Different health
organizations in the world have stated different
incubation periods for COVID-19 disease. More
the World Health Organization has

incubation period of the virus.

specifically,
specified a number in the range of 9 to10 days, and the
National Health Commission of China has specified a
number in the range of 4 to 10 days. Furthermore, the
Center for Disease Control and Prevention of America
has specified a number in the range of 4 to 9 days for
the above-mentioned period. However, different results

have been reported in relation to the length of the
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Covid-19 epidemic (4-7). It has been confirmed that
the coronavirus can be transmitted through the
respiratory droplets and the contaminated objects (8,
9). Nonetheless, there is not strong evidence of the
intrauterine transmission of this infection (6).
According to the results of recent research studies,
inhalation of contaminated respiratory droplets, close
contact with an infected person or contact with the
secretions of a sick person constitute the main routes of
the transmission of this virus. That is, first, the infected
respiratory droplets are spread in the environment
through the infected person's sneeze or cough and land
in the mouth or nose of the people who are near the
sick person. Next, they are transferred to their lungs.
Moreover, a person can contract COVID-19 by
touching an infected object or surface. In this way,
first, the person touches the contaminated surface.
Next, he/she touches his/her mouth, nose and eyes with
his/her contaminated hands and the virus enters his/her
body. A person’s clinical symptoms show that he/she
may cause the highest rate of virus transmission.
However, some patients are able to transmit their
infection to the others before the appearance of clinical
symptoms. Moreover, in some cases, the virus may be
present in the patient's feces (10).

The initial manifestations of COVID-19 are mostly
respiratory and cardiovascular. Notwithstanding,
neurological complications have been reported in a
number of studies. The most common neurological
complications, which may arise in the case of these
patients, include headache, dizziness, and delirium.
These complications are followed by encephalitis
which is caused by the disease. In addition, the other
complications include Guillain-Barré  syndrome,
cerebrovascular accidents, and encephalitis. It should
be mentioned that sometimes in a number of patients,
typical symptoms of the disease such as fever and
cough appeared after neurological symptoms, which
means that the patient first had symptoms such as
headache and dizziness, and then developed common
symptoms of COVID-19 such as fever, cough, body
pain and other symptoms (11). In most of the viral

infections, the amount of antibody response is directly
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related to the severity of the infection. In other words,
severe infections are more memorable for the immune
system of the body. The viral load of corona virus is
related to the severity of respiratory disease, systemic
inflammatory reaction, and mortality. Moreover, the
patients with the severe type of disease produce more
antibodies against SARS-COVID (12). The time at
which the antibodies are produced in the body differs
regarding different viruses or antigens. According to
the available information on COVID-19, the onset of
antibody response to COVID-19 is slow. There are not
enough data on this disease. Nonetheless, it appears
that the primary immunoglobulin M antibody response
does not peak until day nine after the primary infection,
and the immunoglobulin G antibody response does not
peak until day eleven (13). Understanding the immune
response against the specific neutralizing antibodies of
this virus is essential to provide a suitable treatment for
it and to develop its vaccine. Studies on SARS virus
and MERS virus have shown that different parts of
spike protein (S), N terminus (NTD) and receptor
binding site (RBD) can be used as the targets for
developing the relevant vaccine (14). Long et al.
reported that the level of immunoglobulin M and G
against nucleoside protein (N) and protein S in the
hospitalized patients was positive on the nineteenth day
after the onset of symptoms. Moreover, its level
decreased within two to three months in asymptomatic
patients (15). There is little information on the humoral
immune response and virus-neutralizing antibodies and
their relationship with the clinical outcomes in
COVID-19.

antibodies in the patients’ serum and the lack of

Considering the stability of these
internal studies in this field, we decided to investigate
the level of spike protein specific antibodies in the
children with COVID-19 who were admitted to
Motahari Hospital in Urmia (Iran) at the time of their
discharge from the hospital and one month after their

discharge date.

Materials & Methods
The present study was a longitudinal study. It

investigated the serum specific antibody titer in
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patients with COVID-19. This study involved the
Covid-19 patients, whose disease was confirmed by
PCR and who were admitted to the hospital.

The inclusion criteria comprised: being a child
under 15 years of age with positive PCR, and being
admitted to Shahid Motahari Hospital in Urmia,
Moreover, the researchers selected the children whose
parents had given written consent to their participation
in the study.

On the other hand, the exclusion criteria involved
being a child whose PCR is negative despite exhibiting
the symptoms of COVID-19, having a pulmonary
disease other than COVID-19, being a child with
immune deficiency, suffering from FTT, having an
underlying chronic disease, and being a child whose
parents do not give written consent to participation in
the study.

After selecting the patients who met the inclusion
criteria as the participants of the study, first, 5 cc blood
samples were taken from them at the time of their
discharge from the hospital and one month after their
discharge date (by inviting them to the hospital).
Second, the serum level of their SARS-CoV-2 specific
antibody was measured twice. Third, one microliter of
serum sample was diluted
solution. Pishtaz Teb ELISA kits were used to

1:101 using diluting

determine the titer of spike protein IgG antibodies.
Fourth, the samples were prepared using the protocol
and the results were read by an ELISA reader which
was capable of measuring light absorption at a
wavelength of 450 nm. Finally, a point to point
diagram was drawn for the concentration and optical
absorption of the samples. The average optical
absorption was calculated for the samples.

In this study, the demographic characteristics
included age and sex. The children under 15 years of
age were examined separately and in relation to each
This
examination aimed to differentiate the course of the
COVID-19 disease based on the provided protocol.

The criteria for entering the severe phase of the disease

other in terms of their age and gender.

involved: rapid progression of respiratory symptoms,

Tachypnea (RR>50) and shortness of breath,
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PaO2/Fi02 <300 mmHg, Sp02<90%, increased
involvement of more than 50% of the lung in CT scan.
At this stage, patients may exhibit a number of
laboratory ~ symptoms  such as  lymphopenia
exacerbation, progressive increase in D-dimer or
ferritin (more than 500 ng/dl) or LDH>245 U/l or
increase in the liver enzymes or triglycerides, and signs
of occurrence or exacerbation of organ failure.
Moreover, there is the possibility of an increase in
CRP, a decrease in the number of platelets, and a sharp
decrease in the number of eosinophils. Furthermore, it
is possible to observe the involvement of 5 lung lobes
with less than one third of the volume of each lobe or
the involvement of three lobes to a greater extent.
Usually, the pulmonary involvement is bilateral. The
extent of lung involvement in CT scan in severe cases
of the disease is often greater than its involvement in
moderate cases. Furthermore, several of the studies,
which have focused on this disease, have reported that
more than 50% of the entire lung is involved.
Eventually, the bilateral diffuse infiltration may be
observed as white lung. The criteria for entering the
critical phase of the disease involve: being a patient
with symptoms of respiratory failure: SpO2 <88%
despite non-invasive oxygen therapy treatments, being
a patient with shock symptoms, being a patient in need
or under mechanical ventilation, being a patient with
multiple organ failure. At this stage, patients may
exhibit a number of laboratory symptoms including the
worsening of lymphopenia, increase in
(D-dimer>1000, 1L6),
Ferritin>1000ngdl, troponin, NT-proBNP, advanced

severe
inflammation ~ markers
cytopenia, severe increase in markers of multi-organ
failure/damage which can be related to renal enzymes,

thrombocytopenia, increased BUN/Cr, and coagulation

disorders. Moreover, it is possible to observe the
diffuse bilateral lung involvement which is consistent
with ARDS. Finally, at this stage, patients may exhibit
certain  symptoms including pleural effusion,
lymphadenopathy, increased bronchial wall thickness,
and structural changes in the lungs.

In this study, centrality and dispersion indices
(mean and standard deviation), were used to perform
the quantitative data analysis. Moreover, the qualitative
variables frequency and frequency percentage were
calculated in the present study. Furthermore,
appropriate statistical tables and graphs were used to
provide the results of the data analysis. Finally, a
number of parametric statistical tests such as t-test,
ANOVA, and chi-square or their non-parametric
equivalents were used to make comparisons according
to the data distribution. The significance level for all of
the judgments was less than 0.05. All of the analyses

were performed using SPSS 21 software.

Results

This study involved a total number of 40 children
with COVID-19 who were
hospitalized in Shahid Motahari Hospital. The average

severe and critical

IgG levels during their discharge from the hospital and
one month after their discharge date were 73.66 +
55.03 and 128.36 + 69.96, respectively (Table 1).

1-4 Comparison of specific antibody titer against
SARS-CoV-2 one month after discharge date of the
children who were hospitalized in Shahid Motahari
hospital in Urmia according to demographic
characteristics in the present study, 13 (32.5%) of the
40 children (i.e. participants) were girls and 27 (67.5%)

of them were boys (Chart 1).

Table 1. Average IgG level at the time of the patients’ discharge from the hospital and one month after their discharge

date

Mean + standard deviation

At the time of discharge from hospital

1gG level One month after discharge date

73.66 = 55.03
128.36 £ 69.96
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gender
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Chart 1. Frequency of gender among the patients.
Based on the results of this test, there were not any
The independent-samples t-test was used to significant differences between the two sexes in terms
compare the specific antibody titer during the of antibody titer during their discharge from the
participants’ discharge from the hospital and one hospital (p=0.77) and one month after their discharge
month after their discharge date between the two sexes. date (p=0.31) (Table 2).

Table 2. Comparison between two sexes in terms of specific antibody titer during the patients’ discharge from the

hospital and one month after their discharge date

Girl Boy
p value
Mean + standard deviation
. ' At the time ofdlsf:harge from the 77 34457 33 71.89454.92 077
Antibody titer hospital
One month after the discharge date 88.64+31.33 62.41£13.30 0.31

The patients’ average age was 2.48 + 2.18 years. Moreover, their minimum age and maximum age were one year
and 10 years respectively (Chart 2).

Histogram

L Mean = 2,48
Std. Dev. = 2.184
N=40

Frequency

Chart 2. Patients’ age distribution
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Pearson's correlation coefficient was used to
investigate the relationship between the patients’ age
and their level of SARS-CoV-2-specific antibody
during their discharge from the hospital and one month
after their discharge date. The results of the study
showed that there was a strong direct correlation
between the level of SARS-CoV-2-specific antibody

during the participants’ discharge from the hospital and

their age. That is, an increase in their age was
accompanied by an increase in their antibody level
(7=0.34 and 02 (p=0.00) (Chart 3). Nonetheless, there
was not a significant correlation between the patients’
specific antibody level of SARS-CoV-2 and their age
one month after their discharge date (»=0.06 and
p=0.73) (Chart 4).
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Chart 3. Examining the relationship between the patients’ age and the

level of their SARS-CoV-2-specific antibody during their discharge from the hospital
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Chart 4. Examining the relationship between the patients’ age and the

level of their SARS-CoV-2specific antibody one month after their discharge date
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Comparison of specific antibody titer against
SARS-CoV-2 at the time of the children’s discharge
from the hospital and one month after their
discharge date (i.e. the children who were admitted
to Shahid Motahari Hospital in Urmia):

A paired-samples t-test was used in order to

compare the specific antibody titer during the patients’

discharge from the hospital and one month after their
discharge date. The results of this test showed that
there was a significant increase in these patients’
specific antibody titer one month after their discharge
date compared to the time of their discharge from the
hospital (P>0.001) (Table 3).

Table 3. Comparison between the patients’ specific antibody titer during their discharge from the hospital and one

month after their discharge date

Mean + standard

deviation VLG
At thp time of discharge from 78 29+56.22
hospital
Specific antibody titer <0.001
One month after discharge date 128.36+96.69

Comparison of specific antibody titer against
SARS-CoV-2 one month after the discharge date of
children who were hospitalized in Shahid Motahari
Hospital in Urmia according to the length of their
hospitalization:

Pearson's correlation coefficient was used to
investigate the relationship between the length of the

patients’ hospitalization and the level of their SARS-

CoV-2-specific antibody during their discharge from
the hospital and one month after their discharge date.
The results of the investigation showed that there was
not a significant correlation between the patients’ level
of SARS-CoV-2-specific antibody during their
discharge from the hospital (» = -0.12 and p=0.45)
(Chart 5) and one month after their discharge date and
the length of their hospitalization (» = -0.18 and
p=0.31) (Chart 6).
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Chart 5. Examination of the relationship between the length of the patients’

hospitalization and the level of their specific antibodies during their discharge from the hospital
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Chart 6. Examining the relationship between the length of the patients’

hospitalization and their specific antibody level one month after their discharge date

Comparison of specific antibody titer against
SARS-CoV-2 one month after the discharge date of
the children who were hospitalized in Shahid

Motahari Hospital in Urmia according to the

severity of the disease (critical, severe):
In this study, 13 children (32.5%) were in critical
conditions and 27 children (67.5%) were in severe

disease conditions (Chart 7).

severity

Percent

severity

Chart 7. Patients’ disease severity

In order to compare the specific antibody titer
during the patients’ discharge from the hospital and
one month after their discharge date according to the

severity of the disease (critical, severe), an

independent-samples t-test was used. The results of this
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test showed that there was not a significant difference
between the severity of the patients’ disease and their
antibody titer during their discharge from the hospital
(»=0.54) and one month after their discharge date
(p=0.20) (Table 4).
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Table 4. Comparison of specific antibody titer during the patients’ discharge from the hospital and one month after their

discharge date according to disease severity

Critical Sever
p value
Mean + standard deviation
At the time of discharge from the
Specific antibody hospital g 65.88+61.30 77.41452.57 0.54
titer One month after the discharge date 103.52+88.53 139.00+59.71 0.20

Discussion

The corona virus resulted in a pandemic in 2019
and infected a large number of people. The infected
people exhibited a number of symptoms such as fever,
dry cough, shortness of breath, and acute respiratory
distress syndrome. This disease is caused by SARS-
CoV-2, of Dbeta

coronaviruses (23, 24). The characteristics of the

which belongs to the class
antibody response of the human immune system to this
disease are of vital importance due to various reasons
including the awareness about the progress of vaccines,
the determination of strategies which are related to
them, and the provision of a suitable guide for
determining the role of serological methods in the
survival of the affected patients (25, 26).

Therefore, the present study was conducted to
determine the specific antibody titer against Sars
coronavirus one month after the discharge date of the
children who were admitted to Shahid Motahari
Hospital in Urmia. In the present study, 32.5% of
patients were female and 67.5% of them were male.
The patients’ average age was 2.48 + 2.18 years.

Tom Woudenberg et al. (27) conducted a study to
determine the COVID-19 patients’ humoral immunity.
Similar to the results of our study, the majority of the
patients in their study were male. Moreover, the results
of the study which was carried out by Emelie Marklund
(16) are in line with the results of our study. Based on
the results of the pertinent study, the majority of the
patients were male. The results of the present study
showed that the increase in the patients’ age was
accompanied by an increase in their antibody level.
Likewise, the results of the study which was conducted
by Wang et al. (28) in 2021 in China, showed that the
antibody titer in patients increased with age. Moreover,
Wu et al. (29) found that middle-aged and elderly
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patients had higher antibody levels in comparison with
the young patients. These results support the results of
the present study. These results may stem from the
further progress and development of the immune
system with age. That is age provokes a stronger
response against the disease. Based on the results of
our study, the specific antibody titer was significantly
increased one month after the patients’ discharge date
compared to the time of their discharge from the
(p<0.001).

statistically significant difference between the severity

hospital Moreover, there was not a
of the disease (critical and severe) and antibody titer
during the patients’ discharge from the hospital
(p=0.54) and one month after their discharge date
(p=0.20). Ekasit Kowitdamrong (17), conducted a
study to investigate the antibody response in patients
with COVID-19 with different disease severity levels.
The results of the study indicated that the patients who
were in the severe condition of the disease had higher
Sl1-specific antibody titer in comparison with the
patients who were in a less severe condition. In our
study, there was not a significant difference between
severe and critical patients. Moreover, we did not
compare the specific antibody levels of patients who
were in the severe and critical conditions with the
specific antibody levels of the patients who were in the
mild condition of the disease. Therefore, our results are
not comparable with the results of the above-mentioned
study. Moreover, in the aforementioned study, the level
of specific IgG increased during a one-month period of
time. This result supports our results. On the other
hand, based on the results of the study by Ekasit
Kowitdamrong (17), the patients with moderate and
severe disease had higher levels of IgA and IgG
antibodies compared to the patients with mild disease

in the 15-day follow-up. One of the reasons behind the
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difference between the present study and the above-
mentioned studies is the low sample size of the present
study. Moreover, most of the patients in our study were
people who suffered from the mild severity of the
disease. A number of the previous studies have shown
that the production of antibodies against this virus is
low in the mild form of the disease (28, 30). Therefore,
this difference can produce the results which are
different from the results of the other studies. In our
study, there was not a significant relationship between
the patients’ age and gender and their specific antibody
level of coronavirus 2 one month after their discharge
date. Our results are in line with the results of the study
by Ekasit Kowitdamrong (17) which indicated that
there was not a significant relationship between the age
and gender and the antibody level of the patients who
were in the severe condition of the disease. Likewise,
our results support the results of the study by Ashraf
Hassan Alzaab et al (20) which showed that there was
an increase in IgG levels a few days after the onset of
the disease to a few months after the disease. The
results of this study showed that the increase in specific
antibody level was significant in a few weeks after the
disease compared to the first few days of the disease.
Moreover, the increase in the level of antibody in a few
months after the disease was significant compared to
the onset of the disease. Nonetheless, the increase in
the level of antibody a few months after the disease
was not significant compared to a few weeks after the
disease. Antibodies are an important and vital part of
the immune system response and disease control in
viral infections. However, their ability to respond to
new pathogens can be widely underestimated. The
results of studies of influenza have shown that elderly
people have higher levels of IgG and IgA compared to
young people. This result stems from the elderly
people’s contact with different types of influenza over
time. Nonetheless, their ability to produce antibodies
against the new viruses decreases. Contrary to these
results, children have a greater ability to produce
antibodies against new viruses and to fight against
them (31, 32). In addition to their neutralizing

properties, antibodies play a role in some other
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functions of the human immune system including
antibody-dependent cellular cytotoxicity and antibody-
dependent cellular phagocytosis (33). Several studies,
which have been conducted to examine the long-term
response of the immune system to the infection of
COVID-19, are of particular importance since they
determine the causes of the viruses which escape from
the immune system and result in the re-infection of
people. A study which was conducted in Iceland
indicated that the immune response to this virus
produced by the immune system through IgG can exist
in a long-term period of time which is at least four
months (34). Another study, which was conducted by
Wu et al. in Wuhan (China) during a 36-week period of
time, examined the patients’ IgG and IgM levels. The
results of this study showed that 70% of patients had a
positive IgG response to the COVID virus after a six-
month period of time (19) Moreover, based on the
results, the IgG level reached its maximum in weeks
four to five and remained constant after that time (35).
The present study had a number of limitations. The
most important limitation of the study was the lack of
the patients’ long-term follow-up. Moreover, the
examination of patients who are in the less severe
condition of the disease can provide a better
understanding of the ways of responding to this disease
and generating immunity against it. Nonetheless, this
study was not able to focus on this group of patients

due to its focus on the hospitalized patients.

Conclusion
The of SARS-CoV-2

increased significantly after one month of the patients’

specific antibody titer

discharge from the hospital. There was not a significant
difference between the level of this antibody of the
girls, boys, and the people with different severity of the
disease during their discharge from the hospital and
one month after their discharge date. Moreover, there
was not a significant relationship between the patients’

antibody titer and their hospitalization time.

Offers
The future studies should involve larger samples

and need to focus on the adult and child patients in
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order to evaluate the humoral response of the immune
system in a satisfactory way. Moreover, there is a need
for the studies that include longer follow-up periods in
order to expedite the treatment process of patients with

this disease.
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