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a  b  s  t  r  a  c  t

Background:  In  Oman,  many  extended  families  tend  to live  in one  household.  Some  families  can  include
20–30  individuals  with  the  majority  of  them  being  children.  This  study  investigates  the role  of  children
in  spreading  SARS-CoV-2  causing  COVID-19  within  family  clusters  in Oman.
Methods:  This  retrospective  study  includes  data  of  1026  SARS-CoV-2  positive  children  (≤18  years)  col-
lected  from  the  national  surveillance  database  for COVID-19  between  1 February  2020  and  30  May
2020.
Results:  We  included  1026  patients.  Most, 842  were  Omani  (82%),  52%  male,  and  28.5%  asymptomatic.
Close  to  the  half  of symptomatic  419  (40%),  patients  presented  with  fever  associated  with  other  respi-
ratory  symptoms.  Fifty  pediatric  patients  were  index  cases  who  transmitted  the virus  to  107  patients  in
Outcome
Outbreaks
Family cluster
SARS-2 transmission
Cycle threshold (CT) utility

total  (86  adults  and  21 children)  with  a mode  of  1. There  is  no statistical  significance  of  all  studied  risk
factors  in  the  transmission  of the  SARS-CoV-2  virus  including  age,  gender,  and  cycle  threshold  (CT)  value.
Conclusions:  According  to this  study,  children  are  not  to  be  considered  a significant  driver  of  transmission
of SARS-CoV-2  in Oman.

©  2021  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
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Introduction

SARS-CoV-2 virus was first identified to be a novel pathogen
and highly contagious virus to the general population in Wuhan
in December 2019 [1]. The initial cases of COVID-19 disease were
imported to Oman on 24 February 2020 as travel-related disease
of 2 Omani nationals who  returned from a visit to Iran [2]. Due
to an increasing number of cases, Oman has introduced multi-
ple non-pharmaceutical interventions to control the spread of the
disease since mid-March 2020 [3]. The interventions include stop-
ping international travel, closing schools and shops, sending public-
and private-sector workers home, mandatory universal masking in
public and working spaces, and restricting movement in some area
with high population densities [3]. Oman registered so far 268,545

confirmed COVID-19 cases, 10,346 of whom are children (Ministry
of Health, Oman, 30 of June 2021).
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In April 2020, the United States reported that out of 149,760
onfirmed patients, 2572 infected individuals (1.7%) were younger
han 18 years old [4,5]. The proportion of infected children in dif-
erent countries varies between 1.2% to 5% depending on testing
nd case identification strategies. Different testing practices may
ccount, in part, for the variable proportions of pediatric cases in
ifferent countries [5].

Data from China suggest that the disease in pediatric COVID-19
atients might be less severe than adult patients and that children
ight experience different symptoms than adults [4]. Reports con-

inue to indicate that children have a milder form of the disease
ompared to adults; however, there are reports of severe disease
n children [5,6].

Person-to-person spread in children was  well demonstrated
arly in this pandemic and contact tracing in various countries has
etermined that the major risk factor for acquiring COVID-19 infec-
ion in childhood is household exposure [5,7]. In one US report of

84 children, 168 (91%) had been exposed to COVID-19 in a home
etting [4,5].

There is limited evidence detailing the direct transmission of
OVID-19 from children [8]. A case series from China described
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rics by age group, Oman, February–May 2020.

Table 1
Pediatric COVID-19 cases and percentages by age group, Oman, February–May 2020.

Age group Symptomatic Total

Yes No

0–4 210(20%) 116(11%) 326(31%)
5–6  48(4.6%) 29(2.8%) 77(7.5%)
7–10  146(14%) 55(5%) 201(19.5%)
11–16 224(21%) 65(6%) 289(28%)
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Fig. 1. Symptoms of COVID-19 in pediat

the direct transmission of SARS-2 to the parents who developed
symptoms 7 days after looking after an infected infant [8,9].

This study investigates the role of children in spreading SARS-
CoV-2 virus within family cluster outbreaks and to figure out the
risk factors of transmission of SARS-CoV-2 virus among children in
Oman.

Methods

This is a retrospective cross-sectional national study that
included children less than 18 years old who were confirmed with
COVID-19 based on positive SARS-CoV-2 between 1 February 2020
to 30 May  2020. The data was obtained from the national COVID-19
surveillance system (Trussad+), Ministry of Health, Oman. The data
included the geographic area, age, and gender, clinical manifesta-
tion (fever, cough, difficulty in breathing, headache, and diarrhea).
The epidemiological data such as classification into index cases or
contact were also included. During the study period, there were 4
patients with mild symptoms and one with severe lower respira-
tory infection, all of whom required admission to the hospital those
were excluded from this study as the scope of this study to focus
on non-admitted patients [10].

Statistical analysis

Descriptive analysis was performed by using mean ± SD for
continuous data, frequency, and proportion for categorical data.
Associations were investigated using chi-square analysis, statisti-
cal significance was determined at p-value <0.05. Data analysis was
done using MS  Excel (Microsoft, Redmond, WA,  USA) and Epi Info
version 7(Tony Burton, Geneva, Switzerland).

Laboratory method

Respiratory specimens collected from suspected cases as per the
Ministry of Health national case definition were used in this study.

RNA extraction of samples was carried out through MagMaxTM

Viral Pathogen Extraction Kit (Thermo Fisher Scientific, Waltham,
MA,  USA) or Viral RNA Isolation Kit with Liferiver EX3600 (Liferiver
Bio-Tech, Hangzhou Bay, China), following manufacturer protocol.
For the detection of the SARS-CoV-2 virus by real-time polymerase
chain reaction (RT-PCR) system, Novel Coronavirus (2019-nCoV)

Nucleic Acid Diagnostic Kit, CE-IVD, FDA-EUA (Sansure Bio-Tech,
Changsha, China) was used according to manufacturer instructions.
The assay targets 2 genomic regions of the SARS-CoV-2 (N and
ORF1ab),or using Liferiver Novel Coronavirus (2019-nCoV) Real-

o
h
s
r

159
17–18 105(10%) 28(2.7%) 133(12.9%)
Grand total 733(71.4%) 293(28.5%) 1026

ime Multiplex RT-PCR Kit which targets 3 genes ORF1ab, E, N
Liferiver Bio-Tech, Shanghai, China).

Eighty-seven randomly selected samples out of the total sample
ize of the study were tested for the correlations between SARS-
oV-2 CT values and patient’s epidemiological characteristics to
etermine the association between the two, where low CT values

ndicate high viral load. CT values were extracted from the lab-
ratory records in which each sample labeled by a unique code
umber whereby CT values expressed using targeted genes: enve-

ope (E) protein, nucleocapsid protein N and the open reading frame
 (ORF1) ab, according to the national standard operation procedure
f testing, reporting and interpreting the SARS-CoV-2 positive PCR
ests. The test with a CT value of ≥40 was considered negative.

esults

During the study period, 1026 pediatric patients were identi-
ed. The majority of the study population are Omani (842). 52% of
hem were male and 48% were female. This study included all non-
dmitted pediatric patients from all governorates of Oman (Muscat,
usandam, Alburimi, North Batinah, South Batinah, Dakhlia, South

harqya, North sharqyah and Aldahirah), more than half of the
atients (609) were from Muscat governorate, the capital of Oman
nd no contributors were from Musandam and Alburimi gover-
orates. Out of 1026 patients, 326 were from 0 to 4 years old, 77

rom age group 5 to 6, 201 from 7 to 10, 289 from 11 to 16, and 133
rom age group 17 to 18 (Fig. 1). Around 293 were asymptomatic,
16 from the 0 to 4-year-old age group. Table 1 shows 419 patients
resented to health care institutes with fever associated with other
espiratory symptoms whereas 111 patients complained of fever
lone. Four hundred patients presented with cough associated with

ther respiratory symptoms, 71 coughs with fever and 72 patients
ad cough alone. Fever and cough were the most predominant
ymptoms among older age groups with p-value of 0.02 and 0.008,
espectively (Fig. 2).
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Fig. 2. Index and contact pediatric COVID-19 cases, Oman February–May 2020.

9 by age group, Oman, February–May 2020.

Table 2
Contacts (secondary cases) of COVID-19 by age group, Oman, February–May 2020.

Age group Secondary cases

Below 18 years 21
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Fig. 3. Index pediatric cases of COVID-1

Out of 1026 patients, 50 patients were index cases, which is
important to recognize early in order to prevent the spread of the
disease by conducting contact tracing and isolation. Across age
groups, it broke down as follows, 16 (30%) patients from age group
0–4 were index cases, one (2%) was from 5 to 6, no index patients
came from the age group 7 to 10, 8 (16%) were from 11 to 16, and 12
(24%) were from ages 17 to 18 (Fig. 3). There were 107 secondary
cases due to contact with index cases, 21 patients were less than
18 years, and 86 patients were adults (Table 2).

Regarding the mean CT values, there was no significant asso-
ciation in CT values between whether the individual is COVID-19
index or contact case (p = 0.4189), and no statistically significant
variation among age groups (p = 0.1841).

Discussion

The study was conducted during the first stage of the pandemic
where most social activities were banned. It is also obvious that
most of the patients were from Muscat governorate, which is the
capital of Oman, and has a higher population density than other

governorates.

In our study, we found 29% of patients had no symptoms and
they were tested because of active contact tracing during family
outbreak. The majority of them were less than 4 years old. Interest-
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159
Above 18 years 86
Total 107

ngly, none of them were associated with secondary transmission
o other patients. Wuhan Center conducted a study recently for Dis-
ase Control and Prevention, using more large data found that an
symptomatic patient is less likely to transmit the disease com-
ared to a symptomatic and presymptomatic one [11]. Another
tudy from Greece assessed 23 family clusters, concluded that
hildren were less likely to be the source of family outbreak and
ignificantly more likely to have an asymptomatic infection or a
ild disease [12]. In Oman, during the study period, there was  a

ockdown, and no children left their households, but there were
ocial gatherings within the families.

Out of 1027 patients, there were 50 index cases who were able
o transmit the infection to another one patient with a ratio of 1:1.
ost secondary cases were adults, and this could be explained by
trict lock down at an early stage of the pandemic and by lack of
ocial gathering and children interaction with other children. Two
xceptional index cases were able to transmit the SARS-2 virus
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to more than two people. These were attributed to extended and
large family gatherings during the two outbreaks. Many of the dis-
ease clusters in the Omani population are present because Omanis
tend to live in extended families (5–12 per household), thereby
increasing the possible number of contacts for each primary case
[3].

Interestingly, around 30% of index cases were younger children
less than 4 years old who were able to transmit the virus to others.
Similar finding was observed in a recent population-based cohort
study done in Ontario, Canada suggesting that younger age children
maybe more likely to transmit the disease in comparison to the
older age children [13]. Environmental contaminants with saliva
and feces from infected patients with COVID-19 pose a source of
indirect transmission from children to adults [8,1]. Children show
prolonged virus shedding in feces compared to adults and in some
cases longer than 4 weeks [14–17] These findings lead to concerns
about the potential for fecal-oral transmission of SARS-CoV-2, par-
ticularly in infants and children who are not toilet-trained and who
have poorer hand hygiene [8].

Contrary to what was revealed in JAMA Pediatrics that young
children had significantly lower median (interquartile range) CT
values (6.5 [4.8–12.0]), indicating that young children have equiv-
alent or more viral nucleic acid in their upper respiratory tract
compared with older children and adults [18] our study showed
that there is no variation among the pediatric age groups, a sim-
ilar finding has been highlighted by a study from Bahrain [19].
Maltezou and her colleagues from Greece found that high viral
load could be use as indicator for the severity of the disease and
a marker for infectivity in children [20]. In contrast, in our study,
we were unable to establish the role played by the CT values in
infectiousness or disease transmission pattern as there was no asso-
ciation between CT values and whether the individual is a COVID-19
index or contact case. Correlation with observational epidemiologi-
cal data analyzing known infector–infectee pairs is required to fully
understand the dynamics of infectiousness and viral transmissibil-
ity [21,22].

A recent study of a median sample of 928,000 English school
children reported that very few outbreaks were caused from chil-
dren in school. School-related exposures of SARS-CoV-2 post 2020
pandemic lockdown in England were more frequently associated
with staff, not students [23]. In Oman, where schools remain closed,
this has not yet been studied, so we do not know if reopening of
schools and colleges will change the role of children in the trans-
mission of COVID-19.

While this study include a large number of cases as well as uti-
lizing a comprehensive surveillance data limitations of the study
include first, the study period which was occurred during the lock-
down when there was limited social interaction. Second, the major
limitation for the estimation of the infectivity by the mean of CT
values evaluation was the small sample size of which CT values
was investigated. Third is the fact that all the patients have mild to
moderate disease with no admissions. Forth the absence of the date
of onset of the symptoms as the date of testing was  used instead.

In conclusion this study showed small percentage of children
can transmit the COVID-19 virus to others, but no specific risk fac-
tor was found to increase risk of transmission from infected child
including the CT value of positive PCR sample. A follow-up study
with reopening of schools and easing lockdown measures will fur-
ther add to the understanding of children’s role in transmission of
SARS-CoV-2 infection in large family settings.
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