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Abstract \
Background: Real-time and appropriate antigen tests play a pivotal role in preventing severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) infection. However, a previous meta-analysis reported that the antigen test had lower sensitivity for the
detection of SARS-CoV-2 in children. To provide a comprehensive evaluation of diagnostic efficiency, we performed an updated
meta-analysis to assess the detection accuracy of SARS-CoV-2 antigen tests stratified by days after symptom onset and speci-
men type in children and adolescents.

Methods: We comprehensively searched for appropriate studies in the PubMed, Embase, and Cochrane Library databases.
Studies on the diagnostic accuracy of antigen tests for SARS-CoV-2 in children and adolescents were included. The relevant data
of the included studies were extracted to construct a 2 x 2 table on a per-patient basis. The overall sensitivity and specificity of the
SARS-CoV-2 antigen tests were estimated using a bivariate random-effects model.

Results: Seventeen studies enrolling 10 912 patients were included in the present meta-analysis. For the detection accuracy
of SARS-CoV-2 antigen tests, the meta-analysis generated a pooled sensitivity of 77.9% (95% confidence interval [Cl]: 67.3%-
85.8%) and a pooled specificity of 99.6% (95% Cl: 98.9%-99.8%). The subgroup analysis of studies that examined antigen tests
in symptomatic participants <7 days after symptom onset generated a pooled sensitivity of 79.4% (95% Cl: 47.6%-94.2%) and a
pooled specificity of 99.4% (95% ClI: 98.2%-99.8%). Another subgroup analysis of studies that evaluated nasal swab specimens
demonstrated a pooled sensitivity of 80.1% (95% Cl: 65.0%-89.7%) and a pooled specificity of 98.5% (95% Cl: 97.3%-9.2%).
Conclusion: Our findings demonstrated that the antigen test performed using nasal swab specimens exhibited high sensitivity for
the detection of SARS-CoV-2 within 7 days after symptom onset. Therefore, antigen testing using nasal swabs may be effective in
blocking SARS-CoV-2 transmission in children.
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The severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) has caused the global coronavirus disease 2019
(COVID-19) pandemic. Approximately 50% of patients with
COVID-19 contract SARS-CoV-2 from asymptomatic patients.!
Asymptomatic patients may still be able to transmit SARS-CoV-2.
The pediatric population represents 1% of total hospitalized
cases of COVID-19 and deaths. The most common symptoms at
disease onset are fever and mild cough. Other clinical manifesta-
tions include sneezing, sore throat, rhinorrhea, myalgia, fatigue,
vomiting, and diarrhea. Children may experience more upper
airway symptoms than lower respiratory discomfort and begin
to recover within 1 to 2 weeks.? Symptoms of SARS-CoV-2
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infected children are indistinguishable from other respiratory ill-
nesses based on clinical symptoms.® Hence, accurate rapid tests
become critical, valuable, and should be employed to differenti-
ate SARS-CoV-2 infection from other common acute respiratory
infections in children between the ages of birth and 2.

SARS-CoV-2 diagnostic testing is an effective tool to con-
tain COVID-19.° The present reference standard for COVID-
19 diagnosis is reverse transcription-polymerase chain
reaction (RT-PCR) using nasopharyngeal swab (NPS) speci-
mens.® However, RT-PCR poses challenges, such as limited test-
ing sites, laboratory expertise dependency, longer turnaround
time, and higher costs. In contrast, the benefits of SARS-CoV-2
antigen tests include lower price, prompt turnaround, and rapid
identification of COVID-19 patients.” Moreover, antigen tests
have high sensitivity for the detection of SARS-CoV-2 within
7 days post symptom onset and are thought to be effective in
screening for community-acquired infections.®’ The high sensi-
tivity of the SARS-CoV-2 antigen test in symptomatic individu-
als demonstrates its utility for public health screening.!

Globally, public health initiatives such as immunization pro-
grams are being conducted to prevent COVID-19 and reduce the
SARS-CoV-2 transmission in children. One dose of the vaccine
reduced the risk of SARS-CoV-2 infection for at least 90 days in
patients aged 12-17 years. Vaccination protection was enhanced
by exposure to SARS-CoV-2 before vaccination. The severity of
COVID-19 after vaccination was generally mild, while unvac-
cinated children were also generally mild.!! Therefore, testing
remains critical for COVID-19 diagnosis in vaccinated children.

A previous meta-analysis reported that antigen testing is sen-
sitive for the SARS-CoV-2 detection in symptomatic children.!?
To provide more comprehensive knowledge of the accuracy of
antigen testing, we evaluated the diagnostic performance of such
tests stratified by specimen type and days after symptom onset.
Therefore, this updated study aims to evaluate the diagnostic
accuracy of SARS-CoV-2 antigen tests in children by systemati-
cally reviewing recently published articles.

2. METHODS

2.1. Literature search strategy

The meta-analysis was reported in accordance with the
Preferred Reporting Items for Systematic Review and Meta-
Analysis of Diagnostic Test Accuracy Studies: The PRISMA-
DTA Statement.!3

A literature search was conducted in the PubMed, Cochrane
Library, and Embase databases. We searched for relevant studies
using the following search strings: (COVID-19 OR severe acute
respiratory syndrome coronavirus-2 OR SARS-CoV-2) AND
(Antigen-Antibody Reactions OR antigen test or antigen test-
ing OR SARS-CoV-2 antigen test) AND (Adolescent OR Child
OR Pediatrics OR Infant, Newborn). We applied a combina-
tion of free text and Medical Subject Headings terms to identify
potentially relevant studies. During the literature search proce-
dure, there were no language restrictions. The Supplementary
Material,  http:/links.lww.com/JCMA/A205  presents the
detailed search strategy.

2.2. Inclusion and exclusion criteria

Studies that assessed the diagnostic accuracy of SARS-CoV-2
antigen tests with reference standards in children with suspected
COVID-19 were included. Respiratory specimens, including
nasopharyngeal swabs, nasopharyngeal aspirates, anterior nasal
swabs, and nasal swabs, were obtained from symptomatic or
asymptomatic patients. Studies using RT-PCR as a reference
standard were included. Studies that provided sufficient data
to construct a 2x2 table on a per-patient basis were included.
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Review articles, preprint articles, proposals, protocols, case
reports, case series, conference abstracts, and conference papers
were excluded. The last literature search was conducted on
August 30, 2022. One reviewer initially screened the titles and
abstracts of potentially eligible studies. After excluding irrel-
evant studies, two authors independently appraised these full-
text articles to obtain studies that met our inclusion criteria.
Disagreements were resolved through discussions.

2.3. Quality assessment

Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) was used to evaluate the quality of included stud-
ies.!"* SARS-CoV-2 antigen testing in children is the index test
and RT-PCR for SARS-CoV-2 is the reference standard, based
on QUADAS-2. The QUADAS-2 comprises four domains. They
are patient selection, index test, reference standard, and flow
and timing. Each domain has criteria for assessing the risk of
bias. The quality of a diagnostic test is assessed based on the
risk of bias and the applicability of the study. QUADAS-2 also
evaluated the applicability of this study to the research question.
A study was considered high quality if each domain in the study
displayed a low risk of bias.

2.4. Statistical analysis

We extracted values for true positives, true negatives, false posi-
tives, and false negatives from each included article to perform
data synthesis to generate the summary sensitivity and sum-
mary specificity. We searched for further information in the
Supplementary Materials, http:/links.lww.com/JCMA/A20S, if
there was no sufficient data extracted in the main text. A diag-
nostic test’s sensitivity is defined as the percentage of people
with a target disorder who were correctly classified as having
the condition, whereas a test’s specificity is the percentage of
individuals without a disorder who were classified correctly as
not having the target disorder.'

We performed a meta-analysis using a bivariate random-
effects model to produce summary sensitivity and specificity on
a per-patient basis. We plotted a summary receiver operating
characteristic (SROC) curve to calculate the overall diagnostic
accuracy of the antigen test. An ideal test should have an area
under the curve (AUC) of 0.97 or greater. An AUC of 0.93-0.96
is regarded as highly satisfactory, whereas an AUC of 0.75-0.92
is regarded as satisfactory.!® Potential sources of heterogeneity
among the included studies were explored by performing pre-
specified subgroup analyses including the presence of symptoms,
specimen type, manufacturers of the index test, cycle threshold
(Ct) cutoff value, and testing site. Summary sensitivity and speci-
ficity of the antigen test were calculated with 95% confidence
intervals (CIs). In addition, we calculated the Spearman correla-
tion coefficient between the logit of sensitivity and the logit of 1
- specificity to explore the threshold effect.!® A positive correla-
tion indicated the threshold effect. All analyses were performed
using MetaDiSc version 1.4, MetaDTA, and RevMan 5.4 soft-
ware.'!'® A p value < 0.05 is considered statistically significant.

3. RESULTS

3.1. Meta-analysis

Seventeen studies with 10 912 patients were included in the meta-
analysis."”* Fig. 1 presents the literature search process, and
Table 1 depicts the detailed characteristics of the included stud-
ies. Fourteen studies used a prospective study design. Eight stud-
ies enrolled participants from community testing sites and five
studies enrolled participants from the emergency departments of
hospitals. Twelve studies provided sufficient data for the antigen
test performance in symptomatic patients, and four evaluated
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Fig. 1 Flow diagram of literature search.

the diagnostic performance of antigen testing in patients within
7 days of symptom onset. Eleven studies examined antigen tests
using nasal swab samples, and five studies used NPS. Six studies
assessed the Panbio COVID-19 Ag rapid test device and seven
studies examined the performance of the BinaxNOW COVID-
19 Ag card. Two studies have recorded SARS-CoV-2 variants.
Seven studies reported the Ct values of positive RT-PCR tests,
and eight studies revealed the cutoff value of Ct. The updated
meta-analysis generated a summary sensitivity of 77.9% (95%
CL: 67.3%-85.8%) and a summary specificity of 99.6% (95%
CI: 98.9%-99.8%; Fig. 2). In addition, the AUC of the SROC
for antigen tests was 0.99, indicating that antigen tests may be
reliable for diagnosing COVID-19 in children and adolescents.
Fig. 3 presents the sensitivity and specificity of the antigen tests
for SARS-CoV-2 from the included studies.

3.2. Quality assessment

We applied QUADAS-2 to assess the quality of the studies in
the updated meta-analysis. Regarding patient selection, seven

968

studies enrolled patients randomly or consecutively; none of
the studies used a case—control study design. For the patient
selection domain, seven studies were judged to have a low risk
of bias. All studies reported that index tests were interpreted
without knowledge of the results of the reference standards.
Therefore, all the studies in the updated meta-analysis were
judged to have a low risk of bias in the index test domain.
Regarding the reference standard domain, 16 studies reported
that the reference standard was capable of correctly classifying
the target disease. Regarding the flow and timing, 15 studies
reported that all participants received a reference standard. All
studies reported a reasonable interval between the index test and
the reference standard. Twelve studies indicated that all partici-
pants were involved in the analysis. Eleven had a low risk of
bias in the domains of flow and timing. Regarding applicability,
the patient selection, index tests, and reference standards of the
studies included in the study matched the SARS-CoV-2 antigen
testing used in routine clinical practice. Fig. 4 illustrates the risk
of bias in the studies, and Fig. 5 presents the overall quality of
the studies in the updated meta-analysis.
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3.3. Subgroup analysis

We conducted subgroup analyses according to the presence of
symptoms, manufacturers of the index tests, specimen types, Ct
threshold of RT-PCR, and antigen testing site. Twelve studies
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including 4,088 participants reported the accuracy of antigen
tests for symptomatic patients. The meta-analysis generated a
summary sensitivity of 77.3% (95% CI: 67.8%-84.7%) and a
summary specificity of 99.4% (95% CI: 98.0%-99.8%). Four
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studies performed antigen tests in 2565 participants <7 days
after symptom onset. This subgroup analysis produced a pooled
sensitivity of 79.4% (95% CI: 47.6%-94.2%) and a pooled
specificity of 99.4% (95% CI: 98.2%-99.8%). Nine studies
performed antigen tests in 3455 asymptomatic participants.
The subgroup analysis generated a pooled sensitivity of 58.7%
(95% CI: 44.3%-71.8%) and a pooled specificity of 99.2%
(95% CI: 98.7%-99.6%). Based on the specimen type, we
conducted a subgroup analysis of five studies that performed

J Chin Med Assoc

antigen tests using NPS in 5516 patients. This analysis gener-
ated a pooled sensitivity of 76.6% (95% CI: 57.2%-88.9%)
and a pooled specificity of 100% (95% CI: 99.7%-100%).
The subgroup analysis of the 11 articles that used nasal swabs
demonstrated a summary sensitivity of 80.1% (95% CI:
65.0%-89.7%) and a summary specificity of 98.5% (95% CI:
97.3%-99.2%), respectively. This finding indicated that antigen
tests using nasal swabs might exhibit high sensitivity for the
detection of COVID-19. Seven studies, including 3536 patients,
reported the accuracy of the BinaxNOW COVID-19 Ag card.
The analysis generated a pooled sensitivity of 81.9% (95% CI:
59.3%-93.4%) and a pooled specificity of 98.6% (95% CI:
98.0%-99.1%). Four studies with 583 participants reported
the accuracy of the antigen test, with a Ct value of 38 applied
as the threshold value in RT-PCR. The analysis produced a
pooled sensitivity of 90.9% (95% CI: 66.4%-98.0%) and a
pooled specificity of 99.4% (95% CI: 96.3%-99.9%). Five
studies including 5131 participants reported that antigen tests
were performed in pediatric emergency departments. The sub-
group analysis produced a pooled sensitivity of 80.5% (95%
CI: 58.2%-92.4%) and a pooled specificity of 99.9% (95% CI:
98.0%-100%). Table 2 lists the pooled estimates of the sub-
group analyses.

3.4. Evaluation of the threshold effect

To explore the potential source of heterogeneity, we con-
ducted threshold analysis to explore the threshold effect. The
Spearman’s correlation coefficient was 0.2 (p = 0.4), indicat-
ing that there might not be a threshold effect between these
studies.

4. DISCUSSION

The findings of this updated meta-analysis indicate that antigen
tests exhibit increased sensitivity and specificity for the detec-
tion of SARS-CoV-2 in children, compared to that of a previous
meta-analysis.!> A pediatrician could nearly rule in the disease
if a diagnostic test is highly specific and produces a positive
result.’® Antigen tests exhibit excellent specificity, which has
a high positive predictive value. Therefore, during periods of
high COVID-19 prevalence, children with positive antigen test
results can be identified as having SARS-CoV-2 infection.’” To
our knowledge, this is the first updated meta-analysis examin-
ing the diagnostic accuracy of the antigen test for SARS-CoV-2
in children and adolescents. The results of our study indicated
the practical clinical use of antigen testing for SARS-CoV-2.
Higher viral load from the highly prevalent delta variant, ambi-
ent conditions for kit storage and use, quality of the test kit,

Patient Selection l
Index Test
Reference Standard
Flow and Timing

0% 5% 50% 75%
Risk of Bias

100% 0% 25% 50% 75%
Applicability Concerns

100%

.High D Unclear

. Low

Fig. 5 Overall quality of studies in the meta-analysis.
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Table 2
Subgroup analyses of the diagnostic accuracy of antigen tests
Number of Number of Sensitivity (%) Specificity (%)

Subgroup studies patients (95% CI) (95% Cl)
Symptomatic patients 12 4088 77.3 (67.8%-84.7%) 99.4 (98.0%-99.8%)
Symptomatic patients (7 d postsymptom onset) 4 2565 79.4 (47.6%-94.2%) 99.4 (98.2%-99.8%)
Asymptomatic patients 9 3455 58.7 (44.3%-71.8%) 99.2 (98.7%-99.6%)
Sample type: nasopharyngeal swab 5 5516 76.6 (57.2%-88.9%) 100 (99.7%-100%)
Sample type: nasal swab 11 4406 80.1 (65.0%-89.7%) 98.5 (97.3%-99.2%)
Index test (Panbio COVID-19 Ag Rapid Test Device) 6 5555 76.1 (59.4%-87.4%) 100 (99.7%-100%)
Index test (BinaxNOW COVID-19 Ag card) 7 3536 81.9 (59.3%-93.4%) 98.6 (98.0%-99.1%)
Threshold value (Ct = 38) 4 583 90.9 (66.4%-98.0%) 99.4 (96.3%-99.9%)
Testing site (pediatric emergency department) 5 5131 80.5 (58.2%-92.4%) 99.9 (98.0%-100%)
Testing site (community testing site) 8 3789 79.0 (58.4%-90.9%) 98.6 (97.8%-99.1%)

Cl = confidence interval; Ct = cycle threshold.

and experienced healthcare testers may have contributed to
the increased sensitivity of the SARS-CoV-2 antigen test in our
study.?’

Testing remains important during vaccine rollout as individu-
als hesitate or refuse to vaccinate, and more contagious SARS-
CoV-2 variants emerge. Furthermore, frequent antigen testing
might reduce SARS-CoV-2 infection and mortality.*® In addition
to ambulatory setting, antigen testing is an effective tool for
SARS-CoV-2 detection in symptomatic patients for community
transmission screening.’

The results of the subgroup analysis in the study revealed that
antigen tests performed in pediatric patients within 7 days after
symptom onset exhibited higher sensitivity. Antigen tests have
lower sensitivity in asymptomatic pediatric participants accord-
ing to the result of another subgroup analysis. Therefore, serial
testing is crucial since a single test might not be sufficient to
detect SARS-CoV-2 in asymptomatic children when they are
prone to have a high pretest probability of COVID-19. Serial
testing may help identify infected children since they develop
higher viral loads subsequently.?” The BinaxNOW COVID-19
Ag card may have higher sensitivity to detect SARS-CoV-2 than
the overall estimate according to the subgroup analysis of stud-
ies that examined the commercial test kit. A study reported that
COVID-19 antigen testing had a sensitivity of 81.1% to detect
SARS-CoV-2 in vaccinated individuals who had Ct < 30, and
that antigen testing remains a reliable tool for detecting break-
through infections in patients with high viral load.** Hence,
SARS-CoV-2 antigen tests remain necessary in detecting post-
vaccination infection.

Children with COVID-19 may have less severe symptoms
when infected with SARS-CoV-2 than with other respiratory
viruses.*’ In comparison to the adult population, children have
a lower average viral load. The sensitivity of antigen tests in
children can be reduced by a low viral load. Consequently,
antigen tests in the pediatric population may become less
sensitive.*! Performing NPS in children is stressful and pain-
ful owing to poor cooperation, which might result in a lower
sensitivity of antigen tests in children. Thus, saliva might be a
suitable specimen type for antigen tests for COVID-19 diag-
nosis in the pediatric population.*> Antigen tests with an ante-
rior nasal swab specimen had a sensitivity of 100% within 6
days of disease onset and its use had the potential to reduce
the burden on medical staff.** Moreover, antigen test perfor-
mance revealed a significant correlation between self-collected
nasal swabs in children and healthcare staff-collected swabs.**
According to our meta-analysis, nasal swab antigen testing
demonstrated a high sensitivity for SARS-CoV-2. Therefore, we
suggest that antigen testing using nasal swab specimens may be
accurate for the SARS-CoV-2 detection in children. In addition,

972

‘ ‘ CA9_V86N11_Text.indb 972

deploying antigen testing resulted in a significant reduction of
missed school days compared to optionally masked areas not
employing this strategy.** Multisystem inflammatory syndrome
in children (MIS-C) tends to be diagnosed 3 to 6 weeks after the
peak of SARS-CoV-2 transmission. Although MIS-C has over-
lapping features with Kawasaki disease, clinical information in
children with MIS-C is available, including present or recent
SARS-CoV-2 infection validated by RT-PCR, antigen testing, or
serology, or exposure to a suspected or confirmed COVID-19
patient up to 4 weeks before symptom onset.* Therefore, the
SARS-CoV-2 antigen test might be used to differentiate MIS-C
from Kawasaki disease in patients with evidence of prior SARS-
CoV-2 exposure.

Although the outcomes of our updated meta-analysis indi-
cated that the antigen test performed in patients within 7 days
after symptom onset exhibited high sensitivity for the detection
of SARS-CoV-2, this study has some limitations. The Ct thresh-
old values for positive RT-PCR results reported in the included
studies and the Ct values of COVID-19 patients were limited.
Studies that enrolled participants consecutively or randomly
were limited. Only two studies in the updated meta-analysis
offered information on SARS-CoV-2 variants and no study pro-
vided information on the vaccination status of the participants.
In addition, no study had evaluated the accuracy of the saliva
antigen test for the diagnosis of COVID-19 in children in our
updated meta-analysis.

In conclusion, our major findings indicate that SARS-CoV-2
antigen tests performed in children with COVID-19 within 7
days of symptom onset exhibit high sensitivity. Antigen tests
using nasal swab specimens have yielded high sensitivity for the
detection of SARS-CoV-2 in the pediatric population. Therefore,
antigen tests may be an accurate tool to inhibit SARS-CoV-2
transmission in children. Further studies should assess the accu-
racy of antigen tests stratified by SARS-CoV-2 variants and
examine the pediatric population using saliva specimens to ame-
liorate the applicability of antigen tests for COVID-19 diagnosis
in children and adolescents.
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