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Abstract

Background: During COVID-19 pandemic, most studies have
focused on sampling technique in adults. Considering the need to
be aware of the effectiveness and evaluation of sampling methods in
children, we have motivated a search for introducing and performing
sampling techniques, especially upper respiratory tract sampling in
children. We systematically reviewed the literature to understand the
performance of different sampling methods in children in COVID-19.
Methods: We systematically reviewed PubMed, Google Scholar,
medRxiv, and bioRxiv (last retrieval August 1st, 2021) for comparative
studies of deferent sampling techniques by using the search keywords
including: children, pediatric sampling, nasopharyngeal, COVID-19,
oropharyngeal, swabs, SARS, CoV2. 8§ relevant manuscripts were
sourced from a total of 4852 search results.

Results: Nasopharyngeal (NP) swabs testing significantly had higher
positivity rate over oropharyngeal swab in detecting SARS-CoV-2.
Nasal swab has a low sensitivity in detecting SARSCoV-2 in children
when referred to the Nasopharyngeal Aspiration (NPA), whereas its
specificity is high. Therefore, NPA can be as the gold standard for
detection of SARS-CoV-2.

Conclusion: Saliva is not a useful for diagnosing COVID-19 in
children. Negative nasopharyngeal and oropharyngeal swabs do not
rule out COVID-19 and in patients with strong clinical suspicion, and
Bronchoalveolar lavage (BAL) can be helpful.
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Upper Respiratory Tract Sampling Techniques in Children

Introduction

New type of coronavirus was reported in Wuhan,
Hubei Province, China, like Severe Acute Respiratory
Syndrome (SARS) in Guangzhou, and Middle East
Respiratory Syndrome Coronavirus (MERS-CoV)
causes severe respiratory disease (1). The outbreak
of the disease began in China, has brought a burden
on whole world and stated as a global pandemic (2).
Most reports mainly concern adults and the mortality
rate is higher in the elderly than the children. Despite
the large number of articles on adults, data regarding
children infected with coronavirus are so limited (3).
Wu et al in a review on 44,672 laboratory-confirmed
cases of COVID-19, reported 1% of cases in children
from 10 to 19 years of old and 1% in children of 9
years or younger, with no deaths in the latter group
(4). Overall, children younger than 18 years appear
to be less vulnerable to the infection and have less
severe disease course compared to adults. In a
Chinese observational study, of the 1391 children
younger than 16 years tested for SARS-CoV-2, only
171 (8.1%) resulted positive test and among these,
15.8% were asymptomatic while the rest showed
only mild symptoms (5), but unfortunately, recently
rate of infection with the Delta variant of COVID-19
(because of high transmissibility) in children has also
increased (6).

In pandemic situations, the first step in the
preventive strategy, is exhaustive case finding.
Nevertheless, the best type of clinical specimen for
the initial diagnostic test of COVID-19 in children
remains controversial. As of October 2020, interim
guidance from the Centers for Disease Control and
Prevention (CDC) recommends upper respiratory
tract specimen for COVID-19 testing with any of
the following specimens without focus on specific
age categorization: Nasopharyngeal (NP) swab, NP
wash/aspirate, nasal wash/aspirate, Oropharyngeal
(OP) swab, nasal Mid-Turbinate (MT) swab using
a flocked tapered swab, an Anterior Nares (AN)
nasal swab using a flocked or spun polyester swab,
or a saliva specimen obtained by supervised self-
collection (7). Nasopharyngeal specimen collection is
usually recommended in children, but its sensitivity
has been questioned if compared with other clinical
specimens, and it is not always feasible in young
children (8-10).
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There is no sufficient information on different
sampling methods and efficacy of upper respiratory
tract sampling in children, as a diagnostic procedure
in COVID-19.

Here, we aim to clarify the implementation of variable
specimen types for diagnosis of SARS-CoV-2 in
children by systematically reviewing the literature on
this topic available through August 2021. A review of
the literature was obtained by searching in PubMed,
Medline and Google Scholar. Keywords used were
children, COVID-19,
oropharyngeal, swabs, SARS, and CoV2. The search
yielded 4852 results which were then browsed through,
and narrowed down to eight relevant manuscripts.
Eight original full articles were reviewed by authors.
The relevant data related to the site of sampling,
diagnostic tests accuracy and recommendation on
sampling procedure were tabulated in table 1.

sampling, nasopharyngeal,

Saliva

saliva sampling can circumvent the shortage of
collection supplies and be a sufficient noninvasive
and more cost-effective alternative for SARS-CoV-2
testing. Less-invasive and cost-effective collection
methods are indispensable in a pandemic scenario as
large-scale tests to understand the actual evolution of
contagion in different populations (11-13).

Salivary droplets are the main source of human-
to-human transmission of the virus. It is a good
alternative sample for diagnosis as easily and quickly
collected, without specific devices and cause less
discomfort during collection, as an important factor
for specimen collection in children (14).

Saliva specimens have been used in detection of Zika
virus in children. The sensitivity of saliva for detection
of SARS-CoV-2 in adults has been shown to be less
than that of NPS in different studies, ranging from
72-86% (15). Pasomsub et al prospectively compared
the detection rate of SARS-CoV-between saliva and
nasopharyngeal specimens in 76 adult patients by RT-
PCR. Both samples were simultaneously collected
from patients who were either suspected to have
COVID-19 or had a positive diagnosis of COVID-19.
The results revealed that the concordance rate of the
virus detection between the two samples was as high
as 97.4% (16).

Yee et al in 2020 prospectively collected paired
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Table 1. Manuscript with region, specimen numbers, technique, relevant findings and recommendations

Author Country

(\ED)

L.
Robinson Alberta,
et al Canada
(2008)
B. Queensland
Lambert et Australia ,
al (2008)
Palmas

Florence,
etal Ital
(2020) y
Di Pietro Milan,
etal Ital
(2020) y
Yin Chong Singapore,
et al Republic of
(2020) Singapore

Studied
specimens

-137 children and
adolescents
aged <17 years

-137 NP, 105
throat swabs, 104
saliva specimens

-303 sets of
paired NPA/NTS
specimens
(295 children)

-11 SARS-CoV-2
+ve patients
(age 0-18)-52
paired clinical
specimens
(26 NS, 26 OS)

- 134 children
(most<6 years)
-600 samples:
300 paired
NS and NPA
specimens

-18 children
(mean age 6.6
years), SARS-

CoV-2 +ve
detected by NP
-paired NP and

saliva specimens

Laboratory technique(s),
findings

-DFA testing of the NP:
respiratory syncytial virus,
influenza A and B viruses,

parainfluenza virus

-If NP positive: NAT performed:

for the same virus in throat
swab and saliva specimens
-105 of the 137 NP specimens
-87 (83%) of 105 throat swabs
=77 (74%) of 104 saliva
specimens

-PCR for: influenza A virus,
respiratory syncytial virus
-270 (89%) paired specimens
were concordant
-NTS: sensitivity of 91.9%
for influenza A, 93.1% for
respiratory syncytial virus

-qRT-PCR
-24 of 26 NS+
-20 of 26 OS+
-4 NS positive, but paired to a
negative OS
-higher positivity rate of NS:
Fisher exact test 0.046,
Cohen K
0.43, confidence interval
95%, 0.014-0.855

- RT-PCR-43 positive
NPA, 31 positive
NS, 257 negative
NPA, and 269
negative NS
-276 were concordant;
24 were discordant, naive
concordance: 92.0%
(95% CI: 88.3—94.6%)
-NS: specificity of 97.7%
sensitivity of 58.1%
-NS has a low sensitivity in
detecting SARSCoV- 2
in children when referred
to the NPA

-RT-PCR
-Saliva PCR sensitivity was
highest 52.9% on day 4-7
-Saliva PCR had higher Ct
compared to NP swabs

Recommendation(s)

Throat swab and saliva specimens,
inferior to NP specimens for the
detection of respiratory viruses

NTS specimen is a less invasive
diagnostic respiratory specimen
with adequate sensitivity for use in
the clinic and hospital outpatient.

NS preferred choice for swab-
based SARS-CoV-2 testing
in children

in children under 6 years of
age, NS should be preferred
whenever possible

saliva is not a useful specimen for
diagnosing COVID-19 in children
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saliva can be an appropriate
sample choice alternative to NPS
for detection of SARS-CoV-2 in
children and adults

-Buccal swabs are not good as
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COVID-19 screening specimens
in children

Infants with a history of SARS-
CoV-2 exposure and mild

Cont Table 2
-qRT-PCR
-300 SARS- -concordances for saliva and
Yee ef al California CoV-2 +v§, a.dult NPS were 91.0% (273/300)
(2020) USA ’ and pediatric and 94.7% (284/300)
-paired NPS and  -PPA for saliva and NPS were
saliva 81.4% (79/97) and 89.7%
(87/97)
-11 SARS-CoV-2 -rRT-PCR
+ve children -detected from at least 1 buccal
(median ages of specimen in 9 of 11
Singapore, asymptomatic children (81.8%)
Kam et al . . .
(2020) Rgpubllc of  and symptomatic -the mean difference of Ct
Singapore were 8.4 years values between buccal NP
and 3.8 years) was 10.7 (range, 6.1-16.1),
-paired NPS and statistically significant
buccal S (P<.001).
-SARS-CoV-2 infection in a
baby with non-productive
Li et al Sichuan, e e cough and normal chest
(2020) China computed tomography, only

anal swabs tested positive
by r RT-PCR

NPS and saliva samples from a total of 300 adult
and pediatric patients confirmed their SARS-CoV-2
RNA by RT-PCR. The overall concordances for
saliva and NPS were 91.0% (273/300) and 94.7%
(284/300) and values for positive percent agreement
(PPA) for saliva and NPS were 81.4 and 89.7%,
respectively and finally they concluded that saliva
is a reliable diagnostic specimen particularly for
both symptomatic and asymptomatic children and
symptomatic adults (17).

Chong et al in 2020 analyzed NP and saliva specimens
using a real-time reverse transcription (rRT)-PCR
assay for the E gene of SARS-CoV-2. They recorded
Cycle threshold (Ct) values of specimens according to
the day of illness (onset of symptoms) for symptomatic
patients or day of diagnosis for asymptomatic
patients. A sample of 18 children that confirmed
their SARS-CoV-2 RNA by RT-PCR in from the
first day to the 11th day was evaluated. In 5 (27.8%),
saliva PCR was persistently negative, including 1
asymptomatic child who only had samples tested
on day 6 of admission (NP Ct 37.9, saliva negative).
In other 5 (27.8%) patients, saliva that was initially
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symptomsshould be
tested using anal swabs

negative on day 1-3 turned positive on day 4-7. Saliva
PCR had higher Ct compared to NP swabs. The Ct
differences were statistically significant for all time
periods except days 11-15. They found that saliva is
not a useful specimen for COVID-19 determination
in children and maximum saliva sensitivity was only
52.9% compared to NP swab (18).

There are three protocols for collecting saliva (17,18):
1) asking patients to cough or clear their throat before
submission of sample (likely mixed sputum and
saliva specimen or deep throat saliva specimen)

2) requesting collection by spitting or drooling

3) Saliva specimen should be collected more than one
hour after breastfeeding with inserting a sterile swab
into the baby’s mouth between the gum and cheek and
swirl for several seconds, then remove the swab and
place into buffer formulated for PCR diagnostic testing
(https://www.cdc.gov/cmv/clinical/lab-tests.html).
Although the first two is user- friendly in adults,
based on authors’ unpublished experience, it seems
that accurate saliva collection in children younger
than five is less feasible.

Therefore, for younger children, who seem to be
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one of the target audiences in the context of saliva
sampling instead of respiratory secretions, a saliva
test is much more attractive.

The nasopharyngeal swab and nasophary-
ngeal wash/aspiration

The nasopharyngeal epithelium is an entrance and
an important transmission point of SARS-CoV-2,
as in other viral upper tract respiratory infections.
SARS-CoV-2 uses Angiotensin-Converting Enzyme
2 (ACE2) as a receptor for cellular influx and activity.
Binding affinity of the Spike (S) protein and ACE2 is
the main determinant of viral replication and disease
severity. Since the ACE 2 receptors expression is
higher in nasopharyngeal areas, it has been considered
that sampling from this region provides better yield of
the virus (19,20).

Previously, nasopharyngeal swab was routinely used
for diagnosis of viral upper respiratory tract infections
in adults and children, and performed by experienced
caregivers (21). If sample is not collected correctly, it
may lead to false positive/negative results and have
dire consequences specially in outbreak (22).
Specimen collection has to be performed in special
place with strict sterilization of the entire environment
to avoid the spread of the virus. Personnel are required
to wear protective equipment including FFP2 (N95)
mask (or higher level), disposable cap, goggles, gown,
apron, latex gloves and shoe covers (8).

With focus on nasopharyngeal sampling technique in
children, parents are necessary to reassure to improve
collaboration during the test. Patients and parents
should be informed that the procedure is uncomfortable
and induce discomfort and retching (8,23).

Past medical history should be obtained to identify
any contraindications (any pathology or medication
with high risk of epistaxis) or information to facilitate
the sample (better air flow on one side for example
indicating a wider nasal cavity). Technique is similar
to an adult; other than how deep the swab should
go and pattern of supporting the infant/child. The
approximate external depth is calculated from the
patient’s entrance of the ear canal to the tip of their
nose (8,24).

In child positioning, first, it needs holding forehead
with one hand, and arm and leg with another hand,
with the assistance of parents or other trained nurses,

laboratory staff or physicians. Then with slightly
chin elevation, access to the nostril will be better.
Next swab, held like a pen is moved perpendicular
to the plane of the face, along the floor of the nose.
Progression of the swab continue until a resistance
is encountered indicating posterior wall of the
nasopharynx. The distance between the nostril and
posterior wall of the nasopharynx is between 6 and 7
cm in children, defined as depth of swab movement
(8,23,24).

In infant positioning,
infant, parents can hold to ensure they are not able
to move their head, and/or offer a pacifier, and it will
be better performed in supine position. The sampling
instruction is similar to older children. If not able
to pass, pull back slightly and then rotate swab and
advance in downward arc. If it will not pass, it should
be stopped and reevaluated (23,24).

In the usual proposed technique in nasopharyngeal
sampling, we should gently rub and roll the swab and
then leave the swab in place for several seconds to
absorb secretions and then slowly remove the swab
while continuing to rotate it (25,26).

Kinloch et al in 2020 compared two nasopharyngeal
sampling methods, “with and without swab rotation”
in 69 adults, and found that swab rotation following
nasopharyngeal contact did not recover additional

developmentally swaddle

nucleic acid. Rotation was also less tolerable for
participants. Finally, they suggest that it is unnecessary
to rotate the swab in place following the contact
with the nasopharynx (25). Therefore, given that this
technique is more problematic in children, it could be
recommended that rotating the swab is not necessary,
although more studies are needed.

Limited studies have been published on nasopharyngeal
sampling in children. Robinson et al in 2008 firstly
determined the sensitivity of respiratory viral detection
in throat swab and saliva specimens in comparison to
NP specimens as the reference method. The yield of
throat swab and saliva specimens were 83 and 74%,
respectively which were less than NP specimens.
The wviral yield of Direct Fluorescent Antigen
detection (DFA) of NP specimens and Nucleic acid
Amplification Tests (NAT) in DFA-negative NP
specimens were compared with the viral yield of NAT
of throat swab and saliva specimens for detection of
respiratory viruses in children. Children under the age
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of 17 underwent (DFA testing of the NP specimen for
respiratory syncytial virus, influenza A and B viruses,
and parainfluenza virus. If the virus is not detected,
NAT was performed for respiratory syncytial virus,
influenza A and B viruses, and parainfluenza virus,
adenovirus, and human metapneumovirus. In case the
virus was detected by both methods, they performed
NAT for the same virus for the corresponding saliva
specimens and throat swab. Finally, in 105 of the 137
NP specimens, at least one virus was detected. In 77
of 104(74%) saliva specimens and 87 of 105(83%)
oropharyngeal swab specimens, the same virus
was detected by NAT. Finally, they concluded that
although saliva specimens and oropharyngeal swab
are inferior to NP specimens for detecting respiratory
viruses, in cases where obtaining an NP sample is
impractical, it might be acceptable for screening (27).
Lambert et al, firstly by using 303 sets of paired Nose-
Throat Swabs (NTS) and nasopharyngeal aspirates
(collected from 295 children), calculated sensitivity
values for the detection of major respiratory viruses
of childhood. 270 (89%) paired specimens were
concordant, with the same result in the NPA and
NTS specimens. It was finally concluded that nose-
throat swab specimens, in combination with sensitive
molecular testing, are a less invasive diagnostic
respiratory specimen with adequate sensitivity for
being used in the clinic and hospital outpatient settings
and large-scale community studies through parent
collection. For children who present to a hospital
in which an avian or pandemic strain of influenza
virus is reasonably part of the differential diagnosis,
nasopharyngeal aspirates or a similar collection
technique (e.g., nasal washes) should continue to be
used (28).

Di Pietro et al in 2020 answered the question that
is concerning whether nasopharyngeal swabs are
comparable with nasopharyngeal aspirate to detect
SARS-CoV-2 in children. They collected 300
paired specimens (NS/NPA) from 136 patients
(134 hospitalized and 2 outpatients) were tested
for SARS-CoV-2. Of the 300 paired specimens
evaluated: 276 were concordant, 24 were discordant,
thus the naive concordance was 92.0% (95% CI
88.3-94.6%) with Cohen’s kappa (K) 0.63. Among
the paired specimens whose NPA resulted positive,
41.9% (95% CI 28.2-56.9%) had NS negative while
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among the paired specimens whose NPA resulted
negative, 2.3% (95% CI 1.1- 5.1%) had NS positive.
They finally concluded that the NS has, in any case, a
low sensitivity in detecting SARS-CoV-2 in children
when referred to NPA. They prefer the collection
of NPA whenever possible for the detection of
SARS-CoV-2 in children (29).

Since nasopharyngeal sampling is uncomfortable,
researchers evaluated nasal sampling rather than
nasopharyngeal sampling. Palmas ef al/ in first
pediatric study focused on application of nasal (mid-
turbinate) and oropharyngeal swabs for severe acute
respiratory syndrome coronavirus 2 (SARSCoV-2)
detection. 11 patients with laboratory-confirmed
SARS-CoV-2 infection were selected for further
evaluation. A total of 52 paired clinical specimens
(26 nasal swabs and 26 oropharyngeal swabs) were
collected. Given comparison of Cycle Threshold (CT)
values, they observed higher positivity rate of nasal
(mid-turbinate) swab over oropharyngeal swab in
detecting COVID-19 (Fisher exact test 0.046, Cohen
K 0.43, 95% CI, 0.014-0.855%), and suggested that
a diagnostic approach based on only oropharyngeal
samples may cause SARS-CoV-2 infected patients
to be missed (30). Management of children in the
COVID-19 era follows specific guidelines, and the
preferred testing technique depends on who performs
the test. Nurses are comfortable with nasal aspiration
because this technique is used routinely in pediatric
departments to diagnose viral upper respiratory tract
infection. However, we still do not know whether
this technique is as reliable as a nasopharyngeal
swab. If a trained caregiver is performing the test,
a nasopharyngeal swab may be done even in young
children and age limit may be determined by the
collaboration of the child and parents. Fixed 50%
nitrous oxide oxygen mixture might help and a local
anesthetic spray may also be used if the child is 6
years old or over.

It is interesting to notice that in Chinese publications,
the nasopharyngeal swab has been the gold standard
method for diagnosis even for children (5).

Buccal swabs

Children are often unable to produce saliva
specimens spontaneously, so buccal swabs can
be performed to obtain saliva for testing. Buccal
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swabs are less invasive and cause less discomfort
for children. It is also unlikely to trigger a sneezing
or coughing response, in contrast to nasopharyngeal
specimen collection. Also, collection of buccal swabs
does not require negative-pressure isolation facilities
as itis notaerosol-generating. Kam et a/in 2020 firstly
evaluated the presence of SARS-CoV-2 in buccal
specimens in COVID-19 infected children. The result
was detected from at least 1 buccal specimen in 9 of
11 COVID-19—infected children (81.8%) and viral
loads in buccal specimens were significantly lower
than nasopharyngeal specimens. The results of this
study showed that buccal swabs are not good for
COVID-19 screening in children (31).

Recommendations and conclusion

This study provides comparative sensitivity values
in detection rate of SARS-CoV-2 in pediatrics.

To our knowledge, this is the first report to introduce
and integrate different types of SARS-CoV-2
upper respiratory sampling methods in children.
In fact, this is a comprehensive study in which
samples belonging to 906 children with COVID-19
were examined. Evaluation of the results of the
mentioned studies demonstrated the high sensitivity
and specificity of the nasopharyngeal swab. As a
result, we suppose that nasopharyngeal swab is still
the sample of choice that support recommendations
from WHO for prioritizing NP swab in adults.
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