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Abstract: A population-based seroepidemiological and molecular survey on severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was performed to detect induced antibodies to prior exposure
and active infection of children aged 14 years or less in Tehran between 19 September 2020 and 21
June 2021. Moreover, correlations between the children’s demographic data and coronavirus disease
2019 (COVID-19) symptoms with the infection status were investigated. Out of 1517 participants,
cardinal symptoms of COVID-19 (fever > 38 °C and/or cough and/or diarrhea) were detected in
18%, and serological history of SARS-CoV-2 infection and polymerase chain reaction (PCR) positivity
were confirmed in 33.2% and 10.7% of the weighted population, respectively. The prevalence of
SARS-CoV-2 infection was significantly higher among 10-14-year-old children. Active infection
was significantly higher in symptomatic children and during autumn 2020 and spring 2021. The
quantitative reverse transcription real-time PCR (RT-qPCR) positivity was significantly higher among
families with a lower socioeconomic status, whereas no association between RT-qPCR or seropositivity
was determined with household size, underlying diseases, or gender. In conclusion, high SARS-CoV-2
infection prevalence and seroprevalence were detected in children in Tehran in different seasons.
Infection prevalence was significantly higher in older children and in those with a positive history of
close contact with infected cases and/or lower socioeconomic status.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an ongoing viral pandemic caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The main transmission route
of this virus is inhalation of contaminated respiratory droplets; however, other modes
of transmission for SARS-CoV-2 have also been described [1]. The disease is common
as most patients are asymptomatic or may have common symptoms, such as fever, sore
throat, rhinorrhea, cough, muscle aches, headache, shortness of breath, and gastrointestinal
symptoms. The risk of hospitalization and mortality varies based on the virus variant,
immune status, ethnicity, body mass index, gender, and underlying diseases [2,3].

The first confirmed cases of the novel coronavirus infection in children and neonates
were reported in China in January 2020 [4]. Although some epidemiological studies
showed that children are at lower risk of COVID-19 infection compared to adults [5,6],
recent findings have demonstrated the existence of a similar viral load and, possibly, a
similar secondary infection rate in children, suggesting that self-isolation and school closure
may be the reason for the lower frequency of infections in this population [7-9]. Infected
households can transmit SARS-CoV-2 to children in all age groups [10]; however, children
are less affected by COVID-19, resulting in a small proportion of symptomatic infections
that are characterized by generally milder symptoms [11]. The presence of untrained T
lymphocyte cells against the virus and fewer Angiotensin converting enzyme 2 (ACE2)
receptors in the nose of children were suggested as reasons for the lower frequency of
symptoms in this population [12,13].

Although common symptoms of COVID-19 in children are fever and cough, other
symptoms, including headache, nasal discharge, anosmia, and abdominal symptoms,
were reported less frequently [14]. These symptoms are generally self-limited, and the
patients recover, with few hospitalizations. The duration of COVID-19 disease between the
onset and end of symptoms in children is shorter than in adults (6 days vs. 11-27.5 days,
respectively) [15,16]. However, a longer duration of the disease could be predicted based on
age, disease severity, a lower arterial oxygen partial pressure (PaO2 in mmHg) to fractional
inspired oxygen (PaO,/FiO;) ratio, a weaker immune response, and the use of drugs such
as steroids [15,16]. The risk factors for severe SARS-CoV-2 disease among children are not
well known; however, multiple comorbidities, such as cardiovascular, neurological, and
gastrointestinal conditions, may be involved [17]. In a study in Brazil, disease severity in
children was also correlated with both social and economic status [18]. This diversity could
be related to genetics, type of virus variant, immunity, and contact status.

With 7,563,728 reported cases, including 144,744 deaths (27 January 2023), Iran is the
country most affected by COVID-19 among the Eastern Mediterranean region of the WHO,
both in the number of cases and death rates [19]. However, local and global data about
the incidence and prevalence of COVID-19 are scarce among children in comparison to
other age groups [20-22]. In a serosurvey in 18 cities of Iran during the first COVID-19
wave in 2020, in which participants < 19 years of age constituted only 1.7% of the sample, a
population-weighted seroprevalence of 15.4% was reported [21]. In a subsequent study con-
ducted during the third COVID-19 wave in 16 cities of Iran, with only 5% of the participants
being children > 10-19 years of age, a higher population-weighted seroprevalence of 29.7%
was reported [20]. At the time of this study, few data, especially from the Middle East, were
available about the proportions of symptomatic and asymptomatic COVID-19 infections in
children and their associations with demographics, seasonality, underlying diseases, the
circulating virus variants, and the socioeconomic status. To understand these correlations,
a community-based epidemiological survey on children, using both serological tests, which
allow the detection of a history of prior infections with the virus, and molecular methods,
which allow the detection of active infections with the virus, could provide valuable data.
Due to the dynamics of the disease during the COVID-19 pandemic and limited data about
the symptoms in infected children, this study investigated the seroprevalence and the quan-
titative reverse transcription real-time PCR (RT-qPCR) positivity of SARS-CoV-2 among a
population of children in Tehran before the introduction of the COVID-19 vaccine, between
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19 September 2020 and 21 June 2021. Moreover, associations of SARS-CoV-2 infection with
demographic data and reported symptoms were analyzed in this population.

2. Materials and Methods
2.1. Study Design

To determine the seroprevalence of SARS-CoV-2 immunoglobulin G (IgG) antibod-
ies and active SARS-CoV-2 infections in children of Tehran during autumn 2020, winter
2020-2021, and spring 2021, we used a cross-sectional design. To estimate sample size
according to SARS-CoV-2 seroprevalence, calculations were performed with different sce-
narios, considering the prevalence of 5 to 50%, with a precision of 5 to 10% (95% confidence
interval width). Accordingly, the number of 1574 participants was determined as the
maximum required sample size. Due to concerns about the study participants attending
public health centers and the expected low response rate during the pandemic, three dif-
ferent strategies were used to increase participation. For the first strategy, information on
the study and a link for voluntary participation were provided to Tehran residents using
“Snapp”, a ridesharing application with 2 million customers in Tehran (SNAPP strategy
unit, Iran Internet Group). Upon registration, participants provided consent for partici-
pation in this study, as well as their age and gender. Clustering of the registered families
was performed according to their recorded addresses and their distribution in the north,
south, east, west, and central areas in 21 regions of Tehran. To increase the response rate,
a phone call after initial registration, two reminder messages, a transportation discount,
and a charge-free serological test for one of the parents were considered for the registered
families. Sampling in public health centers, as the second strategy, was carried out accord-
ing to available data from the Integrated Health System (SIB), the Iranian electronic health
records system, to randomly select families who had children aged < 14 years. Phone calls
and reminder messages to selected families were used to increase the response rate. The
third strategy was the voluntary sampling of children who were referred to the pediatric
surgery and dentistry clinics in Mofid Children’s Hospital and healthy children who were
referred to private laboratories for a general check-up. During the study period, COVID-19
vaccines had not yet been approved for use in children in Iran. Vaccination of children
aged 12-18 years started in September 2021 [23].

2.2. Participants

Children residing in Tehran and aged 0 to 14 years at the time of recruitment were
considered eligible to participate. Their parents or guardians signed a consent form before
sampling. Families who refused to provide informed consent, or declared a contraindication
to venipuncture, were excluded from the study. An orally administered questionnaire
was used by physicians and trained staff to collect information from children, parents,
or their guardians. The questions covered demographics (age, gender), household size,
exposure to either suspected or confirmed cases of COVID-19, recent travelling, underlying
diseases, history of positive SARS-CoV-2 tests, COVID-19 symptoms, and socioeconomic
status. The existence of fever (>38 °C) and/or cough and/or diarrhea, defined as cardinal
syndromes, in the presence or absence of other symptoms of COVID-19 in children (sore
throat, fatigue, rhinorrhea, stomachache, headache, nausea/vomiting, wheeze, dyspnea,
myalgia, chest pain, and change in smell or taste), defined as common COVID-19 symptoms,
were considered as indicative for the statistical analysis [24]. The results of the SARS-CoV-2
tests and general clinical explanations were provided to all participants 24 h post-sampling.

2.3. Sampling

Blood and nasopharyngeal swab samples were obtained from each child and trans-
ported to the laboratory under cold chain conditions within 6 h. Blood samples were
obtained by venipuncture and transferred into serum separator gel tubes. All swab sam-
ples were transported in viral transportation media. Serum samples were prepared after
centrifugation and stored at —70 °C until use. The RNA was extracted from the swab
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samples using a High Pure Viral RNA extraction kit (F. Hoffmann-La Roche Ltd., Basel,
Switzerland). The RNA extracts were stored at —70 °C until use for real-time PCR.

2.4. Serology Tests

Infected people with SARS-CoV-2 generally develop antibodies to SARS-CoV-2 anti-
gens within 1-2 weeks of exposure, irrespective of their age [25]. To measure the history of
infection with SARS-CoV-2, the IgG antibody against the S1 domain of the SARS-CoV-2
spike protein was measured using an anti-SARS-CoV-2 IgG antibody kit (Euroimmun,
PerkinElmer Germany Diagnostics GmbH, Liibeck, Germany). The results were interpreted
according to the manufacturer’s instructions.

2.5. Reverse Transcription Quantitative Real-Time Polymerase Chain Reaction (RT-gPCR)

Infection with SARS-CoV-2 during the sampling period was detected using a commer-
cial kit (COVID-19 one-step RT-qPCR, Pishtaz Teb Diagnostics, Tehran, Iran). Two genomic
loci of SARS-CoV-2, RdRp and N genes, and a human endogenous control gene for quality
control were targeted to confirm the infection. The cycle threshold was calculated for each
gene, and the results were interpreted according to the manufacturer’s instructions.

2.6. Statistical Analysis

For data clearance, we checked the “missing completely at random” (MCAR) assump-
tion. The MCAR assumption was rejected according to the significant result of Little’s
MCAR test. Therefore, assuming that the pattern of data missingness matched the “missing
at random” (MAR), missing imputation was performed with the EM estimation. The
software package IBM SPSS Statistics for Windows (version 25) (SPSS Inc., Chicago, IL,
USA) was employed to carry out single imputations of variables with missing values.

Seroprevalence was estimated as the proportion of seropositive children with IgG
SARS-CoV-2 antibodies. The prevalence of active SARS-CoV-2 infection was estimated
as the proportion of children testing positive with RT-qPCR. For data weighting by age—
gender-season (two categories for gender, three categories for age, and three categories for
season), we used population data from the 2016 census, available from the Statistical Centre
of Iran [26]. Frequency weights were calculated by dividing the size of the actual population
in Tehran in each category by the number of participants in our study in the same categories.
The survey data were analyzed using STATA version 14.2 (College Station, TX, USA). For
descriptive data analysis, we report percentages with 95% confidence intervals (95% CI);
however, because of intermittent epidemics over time, frequencies are reported by season.
We used multivariable logistic regression analysis to evaluate associations between SARS-
CoV-2 seropositivity and RT-qPCR positivity and demographics and potential risk factors.
To adjust for confounding, we compared results from the univariable and multivariable
analyses. A p-value less than 0.05 was considered significant.

2.7. Ethics Statements

The study was conducted in accordance with the Declaration of Helsinki and approved
by the ethics committee of Shahid Beheshti University of Medical Sciences, Tehran, Iran
(Code: IR.SBMU.RICH.REC.1399.050). Informed consent was confirmed by the Institutional
Review Board (IRB).

3. Results

Overall, 1517 children throughout Tehran provided pairs of sera- and nasopharyngeal
swab samples and answered the questionnaire during the study period (356 children in
autumn 2020, 551 during winter 2020-2021, and 610 in spring 2021). In total, 1034 (68.2%)
participants were boys, and 906 (60%) children were 4 years old or younger. Characteristics
and related data about socioeconomic status and household size are shown in Table 1. Of the
728 participants (48% of study sample) who provided information about their geographic
location, 11.8% originated from the northern, 33.2% from the southern, 34.6% from the
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eastern, 7.2% from the western, and 13.2% from the central areas of Tehran. Approximately
13.3% of children (202/1517) reported a history of contact with suspected or confirmed
cases of COVID-19 (Table 1). Household members constituted 60% (121/202) of the contacts
in children with a positive-contact history. According to the laboratory tests, 464 cases
were ELISA-only positive, 101 cases were RT-qPCR-only positive, and 34 cases presented
positive ELISA and RT-qPCR results. Seropositivity and RT-qPCR-positive test results
accounted for 33.2% and 10.7% of the weighted population, respectively. The cardinal
(fever > 38 °C and/or cough and/or diarrhea) and common COVID-19 symptoms (sore
throat, fatigue, rhinorrhea, stomachache, headache, nausea/vomiting, wheeze, dyspnea,
myalgia, chest pain, and change in smell or taste) were detected in 44.8% and 22.4% of
the population-weighted RT-qPCR-confirmed cases of SARS-CoV-2, respectively, whereas
asymptomatic infection was detected in 32.9% of them (Table 2). The seasonal distribution
and population-weighted prevalence of RT-qPCR positivity and seropositivity for the
studied samples are shown in Figure 1 and Table S1.

Table 1. Basic characteristics of the children participating in the study in Tehran from autumn 2020 to
spring 2021 (n = 1517) *.

Variables Categories n (%)

Age groups (years old) 04 906 (59.72)
5-9 417 (27.49)
10-14 194 (12.79)
Gender Female 483 (31.84)
Male 1034 (68.16)
Season Autumn 2020 356 (23.47)
Winter 2020 551 (36.32)
Spring 2021 610 (40.21)
Smoking (parents) No 1248 (82.27)
Yes 269 (17.73)
Socioeconomic status Medium and high 867 (57.15)
Low 650 (42.85)
Household size 2-3 600 (39.55
4 658 (43.38)
>4 259 (17.07)
Symptomatic Asymptomatic 975 (64.27)
Common symptoms 1 269 (17.70)

Cardinal Symptoms 2 273 (18)

Contact with suspected or confirmed cases

during 4 last weeks Yes 202 (13.3)
No 1206 (79.5)
Unknown 109 (7.2)

* The table was generated based on imputed data. | Common symptoms: at least one of the followings symptoms
reported: sore throat, fatigue, rhinorrhea, stomachache, headache, nausea/vomiting, wheeze, dyspnea, myalgia,
chest pain, and change in smell or taste. > Cardinal symptoms: fever (>38 °C) and/or cough and/or diarrhea.
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Table 2. Frequency of COVID-19 self-reported symptoms among children by RT-qPCR positivity for
SARS-CoV-2, Tehran, autumn 2020 to spring 2021 (n = 1517).

RT-qPCR Positive

RT-qPCR Negative

Symptoms * (1 = 135) % (1 = 1382) %
Sore throat 33 24.4 92 6.7
Fatigue 32 23.7 85 6.2
Fever > 38 °C 31 229 117 8.5
Cough 30 22.2 100 7.2
Rhinorrhea 20 14.8 103 74
Chills 19 14 47 34
Stomach ache 18 13.3 120 8.7
Headache 17 12.6 66 4.7
Nausea/vomiting 16 11.8 65 4.7
Diarrhea 14 10.3 63 45
Wheeze 10 6.6 31 2.2

Dyspnea 8 59 14 1
Myalgia 7 5.2 17 1.2
Chest pain 4 29 15 11
Other respiratory 3 2.2 7 0.5
Change in smell and/or taste 1 0.7 8 0.57

* All symptoms, except chills, were recorded with >10% missing data in the questionnaire. The exact number of
missing values can be found in Table S2 (Supplementary Material). RT-qPCR—quantitative reverse transcription

real-time PCR.

45

Proportion (%)
(3]
S

l Both positive
ORT-qPCR only positive

35.5 ELISA only positive
15 29.6
T 25.7 I
10 l I
5 @ 1.1 10.2
0 T l
Autumn 2020 Winter 2020 Spring 2021

Figure 1. Adjusted proportion of positive quantitative reverse transcription real-time PCR (RT-qPCR)
and ELISA test results for COVID-19 in a population of children in Tehran during autumn 2020 to
spring 2021. The results are presented according to weighting considering age, gender, and season.

Bars indicate 95% confidence intervals.

The prevalence of SARS-CoV-2 IgG seropositivity was not associated with gender,
season, socioeconomic status, and household size. However, SARS-CoV-2 IgG seropositivity
was associated with older age (10-14 years age) as compared to younger children (04 years
old) (aOR 1.45, 95% CI 1.02-2.06, p-value = 0.04) (Table 3).



Microorganisms 2023, 11, 1672

7 of 12

Table 3. Associations of SARS-CoV-2 IgG seropositivity (ELISA) with demographic and potential
risk factors among children in Tehran (autumn 2020 to spring 2021).

Bivariate Data Analysis Multivariable Data Analysis
Unadjusted o Adjusted o
O]R 95% CI p-Value ]OR 95% CI p-Value
Age
04 Reference Reference
5-9 1.29 0.99-1.68 0.05 1.23 0.93-1.62 0.13
10-14 1.53 1.08-2.17 0.01 1.45 1.02-2.06 0.04
Gender
Male Reference Reference
Female 0.92 0.70-1.20 0.54 0.91 0.69-1.2 0.53
Season
Winter 2020-2021 Reference Reference
Autumn 2020 0.77 0.55-1.09 0.14 0.73 0.51-1.05 0.09
Spring 2021 0.89 0.64-1.23 0.48 0.88 0.64-1.22 047
Socioeconomic status
Low Reference Reference
Medium and high 0.87 0.66-1.15 0.34 0.92 0.69-1.23 0.59
Family members
2-3 Reference Reference
4 1.24 0.92-1.66 0.14 1.12 0.83-1.51 0.43
>4 1.32 0.89-1.97 0.15 0.17 0.78-1.75 0.44
Smoker (parents)
No Reference Reference
Yes 1.08 0.76-1.53 0.64 1.05 0.73-1.5 0.77
Contact with confirmed/suspected
cases during last 4 weeks
No Reference Reference
Yes 1.15 0.81-1.65 0.43 1.37 0.91-2.07 0.13
Unknown 1.14 0.69-1.88 0.61 1.23 0.75-2.04 041
Symptomatic
Asymptomatic ! Reference Reference
Common symptoms 2 1.29 0.91-1.82 0.14 1.20 0.84-1.73 0.30
Cardinal symptoms 3 0.84 0.59-1.19 0.33 0.80 0.53-1.19 0.27

1 Absence of common and cardinal COVID-19 symptoms in children. 2 At least one of the following symptoms:
sore throat, fatigue, rhinorrhea, stomachache, headache, nausea/vomiting, wheeze, dyspnea, myalgia, chest pain,
and change in smell or taste. 3 Cardinal symptoms in children, fever (>38 °C) and/or cough and/or diarrhea.
Numbers in bold represent p-values that are statistically significant.

The prevalence of RT-qPCR positivity was higher in spring 2021 compared to winter
2020-2021 (OR 6.57, 95% CI 2.60-16.57, p-value < 0.001) and higher in symptomatic children
compared to asymptomatic ones (OR 4.62 and 2.11 for the cardinal and common COVID-19
symptoms, respectively) (Table 4). According to the multivariable data analysis, RT-qPCR
positivity was higher among children in the low socioeconomic group, and participants
with smoking parents had lower odds of RT-qPCR positivity compared to those with
nonsmoking parents (aOR 0.50, 95% CI 0.28-0.90, p-value = 0.02). RT-qPCR positivity was
relatively higher in older age (10-14 years age) as compared to younger children (0—4 years
old), although it was only on the borderline of statistical significance (aOR 1.72, 95% CI
0.99-3.01, p-value = 0.05) (Table 4).
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Table 4. Association of SARS-CoV-2 RT-qPCR positivity and demographic and potential risk factors
with positive results among children in Tehran (autumn 2020 to spring 2021).

Bivariate Data Analysis Multivariable Data Analysis

Unadjusted o Adjusted o
O]R 95% CI p-Value ]OR 95% CI p-Value
Age
04 Reference Reference
5-9 1.29 0.84-1.99 0.23 1.20 0.74-1.95 0.45
10-14 1.86 1.14-3.05 0.01 1.72 0.99-3.01 0.05
Gender
Male Reference Reference
Female 1.12 0.74-1.70 0.56 0.98 0.62-1.55 0.95
Season
Winter 2020-2021 Reference Reference
Autumn 2020 7.63 3.05-19.07 <0.001 4.60 1.67-12.62 0.003
Spring 2021 6.57 2.60-16.57 <0.001 6.10 2.38-15.64 <0.001
Socioeconomic status
Low Reference Reference
Medium and high 1.01 0.65-1.55 0.95 042 0.25-0.69 0.001
Household size
2-3 Reference Reference
4 1.26 0.79-2.01 0.32 1.20 0.71-2.03 0.48
>4 0.86 0.46-1.62 0.65 0.92 0.47-1.80 0.81
Smoking (parents)
No Reference Reference
Yes 0.62 0.36-1.08 0.095 0.50 0.28-0.90 0.02
Contact with confirmed/suspected
cases during last 4 weeks
No Reference Reference
Yes 5.84 3.62-9.42 <0.001 3.76 1.99-7.14 <0.001
Unknown 413 2.20-7.74 <0.001 3.53 1.83-6.79 <0.001
Symptomatic
Asymptomatic ! Reference Reference
Common symptoms 2 2.11 1.16-3.83 0.013 1.32 0.69-2.53 0.40
Cardinal symptoms 3 4.62 2.85-7.49 <0.001 3.07 1.73-5.44 <0.001

1 Absence of common and cardinal COVID-19 symptoms in children. > Common COVID-19 symptoms in children:
sore throat, fatigue, rhinorrhea, stomachache, headache, nausea/vomiting, wheeze, dyspnea, myalgia, chest pain,
and change in smell or taste. 3 Cardinal symptoms in children, fever (>38 °C) and/or cough and/or diarrhea.
Numbers in bold face represent p-values that are statistically significant.

4. Discussion

This study provides data on the seroprevalence and RT-qPCR positivity of SARS-CoV-
2 infection and their association with demographics (age, sex), season, socioeconomic status,
and COVID-19 symptoms among children < 14 years of age. Our findings confirm that the
infection can present either as asymptomatic or symptomatic in children, indicating that
children can play a role as a silent reservoir of SARS-CoV-2 in the community. In a similar
study in Brazil in 2020, approximately 15% of children were reported as asymptomatic [27].
Similarly, the pooled proportion of test-positive asymptomatic children from 13 different
studies was estimated as 21.1% (95% CI: 14.0-28.1%) in a review of the literature [28].

In the present study, a relative increase in seroprevalence of SARS-CoV-2 was observed
in children in the higher age groups. In a study conducted in 2021 in Italy, the seropreva-
lence in the age groups younger than 5 years, 6-11, and 12-17 years was 18%, 37.6%, and
43.7%, respectively [29]. In the United States, a study conducted between April and May
2020 reported a seroprevalence of 0.8% and 4.5% in children > 4 and 5-14 years of age, re-
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spectively [30]. A study in Switzerland reported a higher seroprevalence in 10-19-year-old
children (9.6%) compared with the 5-9-year-old group (0.8%) [31].

In the present study, there was no difference in seropositivity or RT-qPCR positivity
between girls and boys. A slightly higher frequency of infection (RT-qPCR positivity)
among boys was reported in a study in China (19.5% in boys compared to 14.5% in
girls) [32]. In contrast, a higher frequency of infection among girls was reported in a study
in the United States (11.8% vs. 10.1% in boys) [33].

In this study, the rate of SARS-CoV-2 infection estimated using serological and molec-
ular methods in children was not significantly associated with a larger household size. A
study in Brazil in 2021 reported a higher prevalence of infection in families with more than
three members (29.8%) compared to fewer members (23%) [27]. A higher secondary attack
rate was reported in a study in Norway among families with more than six family members
(25% from parents to children). The study showed a higher secondary transmission in larger
families, with more contact with family members and more cramped living conditions
favoring infection in children [34]. In a study in Iran, 31% of affected children had a history
of contact with a suspected or infected family member [35]. During the study period in
Tehran, distance learning was implemented, and our findings suggest that family members
played a prominent role to the household transmission of SARS-CoV-2 infection to children.
Higher exposure to COVID-19 patients appears to be the main risk factor for the secondary
transmission of SARS-CoV-2 to the family members in this population. The measured
higher RT-qPCR positivity among children in the low socioeconomic group in our study
could be explained based on the limited access to hand sanitizers and personal protective
equipment, such as masks, living in a more densely populated area, and the different
housing conditions, making isolation of the infected household members difficult [36,37].
In the present study, a higher prevalence of SARS-CoV-2 infection was detected according
to the PCR results in spring of 2021, which is consistent with the early course of a new
wave of COVID-19 (April to June 2021) caused by more contagious variants (i.e., alpha
and delta variants) in Iran [38,39]. Our findings showed that SARS-CoV-2 infection was
significantly lower in children with smoking parents compared with the nonsmoking ones.
Although the serological results did not confirm such a correlation and the evidence and
quality of this association are still unclear, the negative association between smoking and
SARS-CoV-2 positivity was similarly reported in other studies [40].

This study has several limitations. We suspect that children with some clinical symp-
toms may have been more likely to accept our invitation to participate in the study; accord-
ingly, selection bias may have been introduced in different settings. Dissatisfaction and
unawareness of the parents resulted in missing data for some questions. Willingness to
participate in this study was low due to fear of attending hospitals/public health centers,
incorrect opinions about the minor impact of COVID-19 on children during the primary
course of sampling, fear of blood sampling in children despite offering incentives to the
parents such as involving free-of-charge serological tests and a transportation discount.
The greater rate of participation of symptomatic families during the peaks, issues related to
self-reporting for socioeconomic status, and some other variables, such as symptoms, are
among other limitations in this study. Moreover, we were not able to estimate the duration
of COVID-19 symptoms in children to compare viral shedding in the symptomatic and
asymptomatic infected children due to the families” unwillingness to allow the children to
participate in a follow-up study and revisit the hospital or public health centers.

5. Conclusions

The special feature of this SARS-CoV-2 study is its large sample size in a specific
population, namely, children up to 14 years of age in Tehran, which had previously been
studied only to a limited extent. During the study period, high seroprevalence, due to
prior exposure, and high prevalence of active infection with SARS-CoV-2 were detected
in children. Children in the higher age group who had been in contact with suspected
or confirmed cases within the household and those living in families with a lower so-
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cioeconomic status were more likely to be infected with SARS-CoV-2. The SARS-CoV-2
infection occurred in children in the presence or absence of cardinal or common COVID-19
symptoms. Although seasonality was confirmed based on the RT-qPCR positivity results,
no significant change in the seropositivity rate was detected in different seasons. Further
studies are needed to improve our understanding of the impacts of vaccines on reinfection,
changes in COVID-19 symptoms, and post-COVID-19 sequelae in children.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390 /microorganisms11071672/s1, Figure S1: Reported COVID-19
cases from February 2020 to October 2022 in Iran; Table S1: Prevalence of COVID-19 positive cases in
children during autumn 2020 to spring 2021 in Tehran; Table S2: Participants” characteristics by the
site of sampling in Tehran, from autumn 2020 to spring 2021.

Author Contributions: Conceptualization: RM.G., LB., A.K. and M.A ; data curation: A.R.S.,, N.M.,
A.A, LB, HR.B. and M.A,; formal analysis: A.R.S., I.B., H.R.B. and M.A; investigation: RM.G.,
1B, ARS,AK,AA, NM, MHR,NP,S], LA, HK,EF, TE., AJ., HR.B,MM.O.,, SM,, AE.
and M.A_; methodology: A.A.,, N.M,, LB, ARS, M.HR,, HR.B,, M.HR,, N.P,, S.J. and M.A.; project
administration: RM.G., L.B., and M. A ; resources: RM.G., LB.,, M.A,, AK,, T.E. and A.].; supervision:
RM.G,, I.B. and M.A.; validation: I.B., A.R.S. and M.A.; visualization: A.R.S., HR.B. and M.A;
writing—original draft: M.A.; writing—review and editing: A.R.S., I.B.,, RM.G. and M.A. All authors
have read and agreed to the published version of the manuscript.

Funding: The Robert Koch Institute (Germany) supported this study by providing diagnostic material
through the Corona special funds 2020 from the German Ministry of Health (funding number ZMVI1-
2520COR402). The study was also supported by the Pediatric Infection Research Centre, Iran (Grant
No. 563), and in part by the World Health Organization, Country Office, Islamic Republic of Iran.
The APC was funded by the Robert Koch Institute, Germany.

Data Availability Statement: The data presented in this study are available upon reasonable request
from the corresponding author.

Acknowledgments: The authors of this study would like to thank all participating children, parents,
and guardians of the children and express their gratitude to the colleagues of health centers and
the President and Vice Presidents of Shahid Beheshti University of Medical Sciences, directors and
managers of the Mofid Children’s Hospital, the international unit of Shahid Beheshti University of
Medical Sciences, the international unit of the Ministry of Health, Treatment and Medical Education
(MoHME), the Office of Global Health Cooperation in Iran, the Communicable Diseases Manage-
ment Department, (MoHME), colleagues of Tajrish Lab., Medical Lab., Mazda Lab., and Vahidiya
Pathobiology Laboratories. The authors would also like to thank Christoph Hamelmann, former
Representative, and Omid Zamani from Universal Health Coverage for Communicable Diseases
(UHC:CD), World Health Organization, Country Office, Islamic Republic of Iran.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

World Health Organization. Transmission of SARS-CoV-2: Implications for Infection Prevention Precautions: Scientific Brief, 9 July
2020; World Health Organization: Geneva, Switzerland, 2020. Available online: https://apps.who.int/iris/handle/10665/333114
(accessed on 27 April 2023).

Twohig, K.A.; Nyberg, T.; Zaidi, A.; Thelwall, S.; Sinnathamby, M.A.; Aliabadi, S.; Seaman, S.R.; Harris, R.].; Hope, R.; Lopez-
Bernal, J.; et al. Hospital admission and emergency care attendance risk for SARS-CoV-2 delta (B.1.617.2) compared with alpha
(B.1.1.7) variants of concern: A cohort study. Lancet Infect. Dis. 2021, 22, 35-42. [CrossRef] [PubMed]

Pijls, B.G; Jolani, S.; Atherley, A.; Dijkstra, J.LR.; Franssen, G.H.L.; Hendriks, S.; Yi-Wen Yu, E.; Zalpuri, S.; Richters, A;
Zeegers, M.P. Temporal trends of sex differences for COVID-19 infection, hospitalization, severe disease, intensive care unit (ICU)
admission and death: A meta-analysis of 229 studies covering over 10M patients. F1000Research 2022, 11, 5. [CrossRef] [PubMed]
Mansourian, M.; Ghandi, Y.; Habibi, D.; Mehrabi, S. COVID-19 infection in children: A systematic review and meta-analysis of
clinical features and laboratory findings. Arch. Pediatr. 2021, 28, 242-248. [CrossRef] [PubMed]

Gudbjartsson, D.E,; Helgason, A.; Jonsson, H.; Magnusson, O.T.; Melsted, P.; Norddahl, G.L.; Saemundsdottir, ].; Sigurdsson,
A.; Sulem, P; Agustsdottir, A.B.; et al. Spread of SARS-CoV-2 in the Icelandic Population. N. Engl. J. Med. 2020, 382, 2302-2315.
[CrossRef]


https://www.mdpi.com/article/10.3390/microorganisms11071672/s1
https://www.mdpi.com/article/10.3390/microorganisms11071672/s1
https://apps.who.int/iris/handle/10665/333114
https://doi.org/10.1016/S1473-3099(21)00475-8
https://www.ncbi.nlm.nih.gov/pubmed/34461056
https://doi.org/10.12688/f1000research.74645.1
https://www.ncbi.nlm.nih.gov/pubmed/35514606
https://doi.org/10.1016/j.arcped.2020.12.008
https://www.ncbi.nlm.nih.gov/pubmed/33483192
https://doi.org/10.1056/NEJMoa2006100

Microorganisms 2023, 11, 1672 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Irfan, O.; Li, J.; Tang, K.; Wang, Z.; Bhutta, Z.A. Risk of infection and transmission of SARS-CoV-2 among children and adolescents
in households, communities and educational settings: A systematic review and meta-analysis. J. Glob. Health 2021, 11, 05013.
[CrossRef]

Heald-Sargent, T.; Muller, WJ.; Zheng, X.; Rippe, J.; Patel, A.B.; Kociolek, L.K. Age-related differences in nasopharyngeal severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) levels in patients with mild to moderate coronavirus disease 2019
(COVID-19). JAMA Pediatr. 2020, 174, 902-903. [CrossRef]

Yonker, L.M.; Neilan, A.M.; Bartsch, Y.; Patel, A.B.; Regan, J.; Arya, P; Gootkind, E.; Park, G.; Hardcastle, M.; St John, A;
et al. Pediatric severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2): Clinical presentation, infectivity, and immune
responses. . Pediatr. 2020, 227, 45-52.e45. [CrossRef]

Laws, R.L.; Chancey, R.].; Rabold, E.M.; Chu, V.T.; Lewis, N.M.; Fajans, M.; Reses, H.E.; Duca, L.M.; Dawson, P.; Conners, E.E.;
et al. Symptoms and transmission of SARS-CoV-2 among children-Utah and Wisconsin, March-May 2020. Pediatrics 2021, 147,
€2020027268. [CrossRef]

Chu, V.T; Yousaf, A.R,; Chang, K.; Schwartz, N.G.; McDaniel, C.J.; Lee, S.H.; Szablewski, C.M.; Brown, M.; Drenzek, C.L.; Dirlikov,
E.; et al. Household transmission of SARS-CoV-2 from children and adolescents. N. Engl. J. Med. 2021, 385, 954-956. [CrossRef]
Ludvigsson, ].E. Systematic review of COVID-19 in children shows milder cases and a better prognosis than adults. Acta Paediatr.
2020, 109, 1088-1095. [CrossRef]

Pierce, C.A.; Preston-Hurlburt, P; Dai, Y.; Aschner, C.B.; Cheshenko, N.; Galen, B.; Garforth, S.J.; Herrera, N.G.; Jangra, RK,;
Morano, N.C.; et al. Immune responses to SARS-CoV-2 infection in hospitalized pediatric and adult patients. Sci. Transl. Med.
2020, 12, eabd5487. [CrossRef] [PubMed]

Dioguardi, M.; Cazzolla, A.P; Arena, C.; Sovereto, D.; Caloro, G.A.; Dioguardi, A.; Crincoli, V.; Laino, L.; Troiano, G.; Lo Muzio, L.
Innate immunity in children and the role of ACE2 expression in SARS-CoV-2 infection. Pediatr. Rep. 2021, 13, 363-382. [CrossRef]
Viner, RM.; Ward, ].L.; Hudson, L.D.; Ashe, M.; Patel, S.V.; Hargreaves, D.; Whittaker, E. Systematic review of reviews of
symptoms and signs of COVID-19 in children and adolescents. Arch. Dis. Child. 2020, 106, 802-807. [CrossRef] [PubMed]
D’Ardes, D.; Pontolillo, M.; Esposito, L.; Masciarelli, M.; Boccatonda, A.; Rossi, I.; Bucci, M.; Guagnano, M.T.; Ucciferri, C.;
Santilli, F.; et al. Duration of COVID-19: Data from an Italian cohort and potential role for steroids. Microorganisms 2020, 8, 1327.
[CrossRef]

Molteni, E.; Sudre, C.H.; Canas, L.S.; Bhopal, S.S.; Hughes, R.C.; Antonelli, M.; Murray, B.; Klaser, K.; Kerfoot, E.; Chen, L.; et al.
Illness duration and symptom profile in symptomatic UK school-aged children tested for SARS-CoV-2. Lancet Child Adolesc.
Health. 2021, 5, 708-718. [CrossRef] [PubMed]

Harwood, R.; Yan, H.; Talawila Da Camara, N.; Smith, C.; Ward, J.; Tudur-Smith, C.; Linney, M.; Clark, M.; Whittaker, E.; Saatci,
D.; et al. Which children and young people are at higher risk of severe disease and death after hospitalization with SARS-CoV-2
infection in children and young people: A systematic review and individual patient meta-analysis. EClinicalMedicine 2022, 44,
101287. [CrossRef]

Martins-Filho, P.R.; Quintans-Junior, L.J.; de Souza Aratjo, A.A.; Sposato, K.B.; Souza Tavares, C.S.; Gurgel, R.Q.; Fontes Leite,
D.C.; de Paiva, S.M.; Santos, H.P,, Jr.; Santos, V.S. Socio-economic inequalities and COVID-19 incidence and mortality in Brazilian
children: A nationwide register-based study. Public Health 2021, 190, 4-6. [CrossRef]

WHO. COVID-19 Daily Updates Archive. Islamic Republic of Iran; 812; WHO Iran Country Office. 2022. Available online:
https:/ /www.emro.who.int/images/stories/iran/covid-19-sit-reps/ COVID-19-Update-220511.pdf (accessed on 27 April 2023).
Zamani, M.; Poustchi, H.; Mohammadi, Z.; Dalvand, S.; Sharafkhah, M.; Motevalian, S.A.; Eslami, S.; Emami, A.; Somi, M.H.;
Yazdani-Charati, J.; et al. Seroprevalence of SARS-CoV-2 antibody among urban Iranian population: Findings from the second
large population-based cross-sectional study. BMC Public Health 2022, 22, 1031. [CrossRef]

Poustchi, H.; Darvishian, M.; Mohammadi, Z.; Shayanrad, A.; Delavari, A.; Bahadorimonfared, A.; Eslami, S.; Javanmard, S.H.;
Shakiba, E.; Somi, M.H.; et al. SARS-CoV-2 antibody seroprevalence in the general population and high-risk occupational groups
across 18 cities in Iran: A population-based cross-sectional study. Lancet Infect. Dis. 2021, 21, 473-481. [CrossRef]

Khalagi, K.; Gharibzadeh, S.; Khalili, D.; Mansournia, M.A.; Mirab Samiee, S.; Aghamohamadi, S.; Mir-Mohammad-Ali Roodaki,
M.; Hashemi, S.M.; Tayeri, K.; Namdari Tabar, H.; et al. Prevalence of COVID-19 in Iran: Results of the first survey of the Iranian
COVID-19 Serological Surveillance programme. Clin. Microbiol. Infect. 2021, 27, 1666-1671. [CrossRef]

UNICEF. Country Office Annual Report 2021. Islamic Republic of Iran. Available online: https://www.unicef.org/media /120701
/file/Iran-(Islamic-Republic-0f)-2021-COAR (accessed on 27 April 2023).

Panaro, S.; Cattalini, M. The spectrum of manifestations of severe acute respiratory syndrome-coronavirus 2 (SARS-CoV2)
infection in children: What we can learn from multisystem inflammatory syndrome in children (MIS-C). Front. Med. 2021, §,
747190. [CrossRef]

Waterfield, T.; Watson, C.; Moore, R.; Ferris, K.; Tonry, C.; Watt, A.; McGinn, C.; Foster, S.; Evans, J.; Lyttle, M.D.; et al.
Seroprevalence of SARS-CoV-2 antibodies in children: A prospective multicentre cohort study. Arch. Dis. Child. 2021, 106, 680-686.
[CrossRef]

Statistical Center of Iran. Census 2016- Detailed Results. Available online: https://www.amar.org.ir/english /Population-and-
Housing-Censuses/Census-2016-Detailed-Results (accessed on 27 April 2023).


https://doi.org/10.7189/jogh.11.05013
https://doi.org/10.1001/jamapediatrics.2020.3651
https://doi.org/10.1016/j.jpeds.2020.08.037
https://doi.org/10.1542/peds.2020-027268
https://doi.org/10.1056/NEJMc2031915
https://doi.org/10.1111/apa.15270
https://doi.org/10.1126/scitranslmed.abd5487
https://www.ncbi.nlm.nih.gov/pubmed/32958614
https://doi.org/10.3390/pediatric13030045
https://doi.org/10.1136/archdischild-2020-320972
https://www.ncbi.nlm.nih.gov/pubmed/33334728
https://doi.org/10.3390/microorganisms8091327
https://doi.org/10.1016/S2352-4642(21)00198-X
https://www.ncbi.nlm.nih.gov/pubmed/34358472
https://doi.org/10.1016/j.eclinm.2022.101287
https://doi.org/10.1016/j.puhe.2020.11.005
https://www.emro.who.int/images/stories/iran/covid-19-sit-reps/COVID-19-Update-220511.pdf
https://doi.org/10.1186/s12889-022-13464-7
https://doi.org/10.1016/S1473-3099(20)30858-6
https://doi.org/10.1016/j.cmi.2021.06.002
https://www.unicef.org/media/120701/file/Iran-(Islamic-Republic-of)-2021-COAR
https://www.unicef.org/media/120701/file/Iran-(Islamic-Republic-of)-2021-COAR
https://doi.org/10.3389/fmed.2021.747190
https://doi.org/10.1136/archdischild-2020-320558
https://www.amar.org.ir/english/Population-and-Housing-Censuses/Census-2016-Detailed-Results
https://www.amar.org.ir/english/Population-and-Housing-Censuses/Census-2016-Detailed-Results

Microorganisms 2023, 11, 1672 12 of 12

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Afonso, E.T.; Marques, S.M.; Costa, L.D.C.; Fortes, P.M.; Peixoto, F.; Bichuetti-Silva, D.C.; Aredes, N.D.A.; Rosso, C.EW.; Oliveira,
F.D.S.; Fiaccadori, ES,; et al. Secondary household transmission of SARS-CoV-2 among children and adolescents: Clinical and
epidemiological aspects. Pediatr. Pulmonol. 2022, 57, 162-175. [CrossRef] [PubMed]

Gaythorpe, K.A.M,; Bhatia, S.; Mangal, T.; Unwin, H.J.T.; Imai, N.; Cuomo-Dannenburg, G.; Walters, C.E.; Jauneikaite, E.; Bayley,
H.; Kont, M.D; et al. Children’s role in the COVID-19 pandemic: A systematic review of early surveillance data on susceptibility,
severity, and transmissibility. Sci. Rep. 2021, 11, 13903. [CrossRef]

Comar, M.; Benvenuto, S.; Lazzerini, M.; Fedele, G.; Barbi, E.; Amaddeo, A.; Risso, EM.; Strajn, T.; Di Rocco, P; Stefanelli, P; et al.
Prevalence of SARS-CoV-2 infection in Italian pediatric population: A regional seroepidemiological study. Ital. |. Pediatr. 2021, 47,
131. [CrossRef]

Smith, B.K.; Janowski, A.B.; Danis, J.E.; Harvey, L.B.; Zhao, H.; Dai, Y.N.; Farnsworth, C.W.; Gronowski, A.M.; Roper, S.; Fremont,
D.H.; et al. Seroprevalence of SARS-CoV-2 antibodies in children and adults in St. Louis, Missouri, USA. mSphere 2021, 6,
€01207-e01220. [CrossRef] [PubMed]

Stringhini, S.; Wisniak, A.; Piumatti, G.; Azman, A.S.; Lauer, S.A.; Baysson, H.; De Ridder, D.; Petrovic, D.; Schrempft, S.; Marcus,
K,; et al. Seroprevalence of anti-SARS-CoV-2 IgG antibodies in Geneva, Switzerland (SEROCoV-POP): A population-based study.
Lancet 2020, 396, 313-319. [CrossRef]

Dong, Y,; Mo, X.; Hu, Y.; Qi, X;; Jiang, F; Jiang, Z.; Tong, S. Epidemiology of COVID-19 among children in China. Pediatrics 2020,
145, €20200702. [CrossRef] [PubMed]

Hobbs, C.V.; Drobeniuc, J.; Kittle, T.; Williams, J.; Byers, P.; Satheshkumar, P.S.; Inagaki, K.; Stephenson, M.; Kim, S.S.; Patel, M.M,;
et al. Estimated SARS-CoV-2 seroprevalence among persons aged <18 years-Mississippi, May-September 2020. MMWR. MMWR
Morb. Mortal. Wkly. Rep. 2021, 70, 312-315. [CrossRef] [PubMed]

Telle, K.; Jorgensen, S.B.; Hart, R.; Greve-Isdahl, M.; Kacelnik, O. Secondary attack rates of COVID-19 in Norwegian families: A
nation-wide register-based study. Eur. |. Epidemiol. 2021, 36, 741-748. [CrossRef]

Mahmoudi, S.; Mehdizadeh, M.; Badv, R.S.; Navaeian, A.; Pourakbari, B.; Rostamyan, M.; Ekbatani, M.S.; Eshaghi, H.; Abdolsalehi,
M.R.; Alimadadi, H.; et al. The coronavirus disease 2019 (COVID-19) in children: A study in an Iranian children’s referral hospital.
Infect. Drug Resist. 2020, 13, 2649-2655. [CrossRef]

Sterdal, K.; Ruiz, PL.; Greve-Isdahl, M.; Surén, P.; Knudsen, PK.; Gulseth, H.L.; Tapia, G. Risk factors for SARS-CoV-2 infection
and hospitalization in children and adolescents in Norway: A nationwide population-based study. BM] Open. 2022, 12, e056549.
[CrossRef] [PubMed]

Zar, H.].; Dawa, J.; Fischer, G.B.; Castro-Rodriguez, J.A. Challenges of COVID-19 in children in low- and middle-income countries.
Paediatr. Respir. Rev. 2020, 35, 70-74. [CrossRef] [PubMed]

Sheikhi, F.; Yousefian, N.; Tehranipoor, P.; Kowsari, Z. Estimation of the basic reproduction number of Alpha and Delta variants
of COVID-19 pandemic in Iran. PLoS ONE 2022, 17, e0265489. [CrossRef] [PubMed]

Sadeghi, K.; Zadheidar, S.; Zebardast, A.; Nejati, A.; Faraji, M.; Ghavami, N.; Kalantari, S.; Salimi, V.; Yavarian, J.; Abedi, A.; et al.
Genomic surveillance of SARS-CoV-2 strains circulating in Iran during six waves of the pandemic. Influenza Other Respir. Viruses
2023, 17, €13135. [CrossRef]

Vallarta-Robledo, J.R.; Sandoval, J.L.; Baggio, S.; Salamun, J.; Jacquérioz, F.; Spechbach, H.; Guessous, I. Negative association
between smoking and positive SARS-CoV-2 testing: Results from a Swiss outpatient sample population. Front. Public Health 2021,
9,731981. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/ppul.25711
https://www.ncbi.nlm.nih.gov/pubmed/34590794
https://doi.org/10.1038/s41598-021-92500-9
https://doi.org/10.1186/s13052-021-01074-9
https://doi.org/10.1128/mSphere.01207-20
https://www.ncbi.nlm.nih.gov/pubmed/33536325
https://doi.org/10.1016/S0140-6736(20)31304-0
https://doi.org/10.1542/peds.2020-0702
https://www.ncbi.nlm.nih.gov/pubmed/32179660
https://doi.org/10.15585/mmwr.mm7009a4
https://www.ncbi.nlm.nih.gov/pubmed/33661862
https://doi.org/10.1007/s10654-021-00760-6
https://doi.org/10.2147/IDR.S259064
https://doi.org/10.1136/bmjopen-2021-056549
https://www.ncbi.nlm.nih.gov/pubmed/35277409
https://doi.org/10.1016/j.prrv.2020.06.016
https://www.ncbi.nlm.nih.gov/pubmed/32654854
https://doi.org/10.1371/journal.pone.0265489
https://www.ncbi.nlm.nih.gov/pubmed/35580114
https://doi.org/10.1111/irv.13135
https://doi.org/10.3389/fpubh.2021.731981

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Sampling 
	Serology Tests 
	Reverse Transcription Quantitative Real-Time Polymerase Chain Reaction (RT-qPCR) 
	Statistical Analysis 
	Ethics Statements 

	Results 
	Discussion 
	Conclusions 
	References

