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The sensitivity and specificity of SARS-CoV-2 antigen tests have 
not been widely assessed in children. We evaluated children 
presenting to outpatient care with Quidel Sofia SARS-CoV-2 
antigen test (Sofia-Ag-RDT) compared against Cepheid Xpert 
Xpress SARS-CoV-2/Flu/RSV reverse transcriptase-polymerase 
chain reaction test from November 2020 to April 2021. Sofia-
Ag-RDT had the highest sensitivity in symptomatic (82%; 95% 
confidence interval, 68%-91%) children.
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An accurate diagnosis of SARS-CoV-2 infection is crucial. 
While traditional reverse transcriptase-polymerase chain re-
action (RT-PCR)-based diagnostics are the gold standard, 
they pose challenges, including limited testing sites and avail-
ability, delayed turnaround time, and cost. Antigen testing may 
circumvent these challenges; however, it has not been widely 
evaluated for performance in children.

Symptoms of SARS-CoV-2 infection in children are clin-
ically indistinguishable from other respiratory illnesses, in-
cluding fever, cough, congestion, and/or rhinorrhea [1]. 
Pediatricians are responsible for reliable diagnosis and timely 
decisions regarding school participation. Accordingly, it is crit-
ical that accurate rapid tests become available, as children have 

an average of 13 acute respiratory infections during the first 2 
years of life [2]. Furthermore, children under 5 years of age are 
vulnerable to infection, as they are not yet vaccine-eligible, and 
masking policies vary throughout the United States.

Multiple rapid diagnostic tests (RDTs) for the detection 
of SARS-CoV-2 operate under emergency use authorization 
(EUA) through the Food and Drug Administration (FDA). 
Previous studies evaluating SARS-CoV-2 antigen RDTs in 
symptomatic children report variable performance, including 
Abbott BinaxNOW with 85% sensitivity and 91%-100% spec-
ificity [3, 4] and Panbio-COVID-19 Ag Rapid Test with 62% 
sensitivity and 100% specificity in children under 12 years of 
age [5]. The Quidel Sofia SARS-CoV-2 antigen assay (Sofia-
Ag-RDT) is a lateral flow assay that qualitatively detects SARS-
CoV-2 nucleocapsid (N) antigen from nasopharyngeal or nasal 
swabs and is authorized for use via EUA in patients with ≤5 
days of symptoms [6]. Performance data for Sofia-Ag-RDT 
provided in the instructions for use included only 28 individ-
uals between 6 and 21 years and did not include any children 
under 5 years [6]. Previous studies with Sofia-Ag-RDT have 
reported sensitivity and specificity of 80% and 98.9%, respec-
tively, in symptomatic adults [7] and 72.7% and 100%, re-
spectively, in children [8]. However, the Sofia-Ag-RDT study 
in children noted that sensitivity decreased significantly after 
a person was symptomatic for >5 days, but analyzed sympto-
matic children as a single group, independent of days of symp-
toms. BinaxNOW, Panbio-COVID-19 Ag, and Sofia-Ag-RDT 
had inferior performance in asymptomatic patients, with sen-
sitivities of 65.4% [4], 43% [5], and 41.2% [7], respectively. 
Because the Sofia platform was available in our outpatient of-
fices, we sought to investigate if this assay could be effectively 
used by clinicians in symptomatic and asymptomatic children 
by comparing results with that of the Cepheid Xpert Xpress 
SARS-CoV-2/Flu/RSV RT-PCR test (Xpert-RT-PCR).

METHODS

Ethics

This study was submitted to and approved by the UPMC Quality 
Assurance Board as a Quality Improvement project. Parents ver-
bally consented to test their child for this study. Patient data col-
lected for this project were de-identified, obtained, and stored 
securely in a Health Insurance Portability and Accountability 
Act of 1996 (HIPAA)-compliant REDCap database (NIH/
NCATS UL1 TR000445) [9]. 

Sites, Sample Collection, and Testing

Between November 2020 and April 2021, we collected sam-
ples from 273 symptomatic and 138 asymptomatic children 
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presenting to Children’s Community Pediatrics or UPMC 
Children’s Hospital of Pittsburgh Express Care. We se-
quentially collected one nasal swab from each naris. One 
swab was tested on the in-office Sofia-Ag-RDT (Quidel; 
San Diego, CA) using the direct swab method at the time 
of collection as per the manufacturer’s instructions [6]. 
Testing was completed, and results were interpreted and re-
corded by trained staff at the collection site per The Clinical 
Laboratory Improvement Amendments of 1988 (CLIA’ 88) 
for waived laboratory testing by trained personnel. The 
other swab was placed in 3  mL viral transport media and 
sent via courier to the clinical microbiology lab at UPMC 
Children’s Hospital of Pittsburgh for testing by Xpert-RT-
PCR (Cepheid; Sunnyvale, CA) as per the manufacturer’s 
instructions [10] in a moderate-high-complexity laboratory 
as per CLIAʹ 88.

Data Collection and Analysis

Children were considered symptomatic if they presented with 
symptoms that are listed in Table 1. For symptomatic children, 
if available, children were grouped into ≤3 and 4-5 days from 
the onset of symptoms until testing was collected, with the first 
day of symptoms considered “Day 1.” Tests from 21 children 
were excluded, as they had symptoms for >5 days at the time 
of collection. Asymptomatic children did not have any symp-
toms of illness and had not recently recovered from illness. 
They were tested because of known exposure to COVID-19 
or because they required tests for return to school or sports. 
Positive exposure was documented by the clinician and de-
fined as at least 15 minutes of un-masked contact within 6 
feet with an individual positive for SARS-CoV-2. We com-
pared Sofia-Ag-RDT results with those from Xpert-RT-PCR 
as the reference standard and also calculated sensitivity, spec-
ificity, and positive and negative predictive values (PPVs and 
NPVs) using contingency tables. Cycle threshold (CT) values 
from Xpert-RT-PCR were collected and analyzed for positive 
specimens.

Statistical Considerations

We used t-tests for comparison of CT values and considered 
P < .05 statically significant. We calculated 95% confidence 
intervals (CIs) for all sensitivities, specificities, PPVs, and 
NPVs. Values were calculated using GraphPad Prism 9.3.1 
(GraphPad Software, San Diego, CA). Based on community 
prevalence, we assumed that 25% of children would be posi-
tive for SARS-CoV-2. If we expected a sensitivity of 85% for 
Sofia-Ag-RDT, we would need 245 patients to produce CIs of 
+/− 10% for test sensitivity [11]. Our study was sufficiently 
powered for the testing of symptomatic children but under-
powered for the testing of asymptomatic children and for 
days post-symptom onset.

RESULTS

Demographic and clinical characteristics are presented in 
Table 1. Symptomatic children most frequently presented 
with congestion (63%), cough (47%), or fever (40%). For the 
symptomatic group, SARS-CoV-2 prevalence was 17.4% via 
RT-PCR. We found 8 false-negative (FN), 2 false-positive, and 
236 concordant results using Sofia-Ag-RDT (Table 1). Three 
Sofia-Ag-RDT tests resulted in “indeterminate”; all had neg-
ative Xpert-RT-PCR results. The 8 FN results had a mean CT 
value of 25.9 (range: 15.1-33.5), significantly higher than the 
mean CT value for concordant samples (21.2, range: 12.5-38.4; 
P = .04; Figure 1). The overall sensitivity and specificity of 
Sofia-Ag-RDT were 82% (CI, 68%-91%) and 99% (CI, 97%-
100%), respectively (Table 2). Sensitivity was highest among 
symptomatic children tested during the first 3 days of illness 
(84%; CI, 68%-93%) (Table 2) but trended down as the days 
from symptom onset increased (70%; CI, 40%-89% at day 
4-5). PPV for symptomatic children was 95% (CI, 83%-99%) 
with NPV of 96% (CI, 93%-98%) (Table 2). Performance was 
relatively unchanged among age groups or the number of pre-
senting symptoms (Table 2).

For asymptomatic children, we found 5 FN, 1 false-positive, 
and 132 concordant results using Sofia-Ag-RDT. The mean CT 
value for FN samples was 33.8 (range: 28.3-38.1; Figure 1). 
This was significantly higher than the mean CT value of sam-
ples positive by both methods (22.3, range: 18.4-31.0; P < .001; 
Figure  1). The overall SARS-CoV-2 prevalence via RT-PCR 
among both total and exposed asymptomatic children was 10%. 
The overall sensitivity was poor (64%; CI, 39%-84%), but spec-
ificity remained high (99%; CI, 96%-100%) (Table 2). The sen-
sitivity of Sofia-Ag-RDT was not enhanced for children with a 
known COVID-19 exposure (67%; CI, 39%-86%) (Table 2). In 
asymptomatic children, the NPV was 96% (CI, 91%-99%) and 
the PPV was 90% (CI, 60%-100%). In exposed asymptomatic 
children, the PPV was 89% (CI, 57%-99%) (Table 2). 

DISCUSSION

Our study evaluated Sofia-Ag-RDT for the diagnosis of SARS-
CoV-2 infection in children. Overall, Sofia-Ag-RDT had 82% 
(CI, 68%-91%) sensitivity in symptomatic children but only 
64% (CI, 39%-84%) sensitivity in asymptomatic children when 
compared with Xpert-RT-PCR, even in the setting of exposure. 
Sensitivity among symptomatic children was best when the 
testing was done within 3 days of symptom onset but trended 
downward when individuals were tested later in the course of 
illness. This is slightly improved sensitivity for symptomatic 
patients in the first 5 days of illness when compared with pre-
vious studies [8]. Accordingly, nucleic acid amplification test 
(NAAT) confirmation of Sofia-Ag-RDT-negative results in 
symptomatic children who present with 4-5 days of symptoms 
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should be highly recommended based on the study results in 
conjunction with the recommendations by Centers for Disease 
Control and Prevention (CDC) and The Infectious Diseases 
Society of America (IDSA) to perform NAAT confirmation on 
all symptomatic patients with negative antigen tests and strong 
clinical suspicion for COVID-19, regardless of days of symp-
toms [12, 13]. 

The average CT value of Sofia-Ag-RDT-negative, Xpert-RT-
PCR-positive patients was significantly greater (25.9) than those 
with concordant tests (21.2), albeit with overlapping CI; however, 
many of the FN Sofia-Ag-RDT patients had CT values that could 
be consistent with infectious virus (<34) [14]. It is possible that 
their RDT specimen was inadequate, or inhibitors were present, 
but investigation of this was beyond this study’s scope. The most 
likely explanation for these discordant results is due to inherent 
differences in limits of detection between assay methodologies. 

Figure 1. Xpert-RT-PCR cycle threshold (Ct) value for symptomatic and 
asymptomatic children. Ct values as determined via Xpert-RT-PCR are 
shown grouped by symptomatic and asymptomatic children. Positive Sofia-
Ag-RDT results are denoted in closed circles, whereas negative Sofia-Ag-
RDT results are denoted in open circles. The line denotes the mean value. 
*P < .05; ***P < .001. Abbreviations: RDT, rapid diagnostic tests; RT-PCR, re-
verse transcriptase-polymerase chain reaction.

Table 1. Selected Demographic and Clinical Characteristics of Symptomatic and Asymptomatic Children 

 Xpert-RT-PCR Sofia-Ag-RDT Total 

Positive Negative Positive Negative 

Symptomatic children—No. 44 208 38 211 252

  Age (mean years, range) 7.1 (0-16) 5.5 (0.2-16) 6.8 (0-16) 5.5 (0.2-16) 5.8 (0-16)

  Sex (no. of children, %)

   Male 19 (43) 110 (53) 16 (42) 111 (53) 129 (51)

  Symptoms (no. of children, %)

   Fever 20 (45) 82 (39) 20 (52) 80 (38) 102 (40)

   Cough 18 (41) 101 (49) 15 (39) 101 (48) 119 (47)

   Congestion 24 (55) 136 (65) 23 (60) 135 (64) 160 (63)

   Headache 14 (32) 37 (18) 12 (32) 38 (18) 51 (20)

   Sore throat 10 (23) 49 (24) 9 (24) 49 (23) 59 (23)

   Loss of taste 3 (7) 2 (1) 2 (5) 3 (1) 5 (2)

   Abdominal pain 1 (2) 6 (3) 0 (0) 7 (3) 7 (3)

   Nausea 2 (5) 9 (4) 1 (3) 10 (5) 11 (4)

   Vomiting 2 (5) 9 (4) 2 (5) 9 (4) 11 (4)

   Diarrhea 5 (11) 9 (4) 3 (8) 10 (5) 14 (6)

   Myalgia 2 (5) 6 (3) 2 (5) 5 (2) 8 (3)

   Fatigue 2 (5) 9 (4) 2 (5) 9 (4) 11 (4)

  No. of symptoms (mean, range) 2.4 (1-7) 2.2 (1-5) 2.5 (1-7) 2.2 (1-5) 2.3 (1-7)

  No. of days of symptoms before test 
(mean, range)

2.6 (1-5) 2.6 (1-5) 2.7 (1-5) 2.6 (1-5) 2.6 (1-5)

  Children with known SARS-CoV-2 expo-
sure (No., %)

33 (75) 49 (24) 27 (71) 54 (26) 82 (33)

Avg. CT (mean, range) 22.2 (12.5-38.4) — 21.2 (12.5-38.4) 25.9 (15.1-33.5) 22.2 (12.5-38.4)

Asymptomatic children 14 124 10 128 138

  Age (mean years, range) 6.6 (2-11) 7.4 (0-15) 6.7 (2-11) 7.3 (0-15) 7.3 (0-15)

  Sex (no. of children, %)

   Male 10 (71) 67 (54) 6 (60) 71 (56) 77 (56)

  Reason for testing (no. of children, %)

   Exposure 12 (86) 104 (84) 9 (90) 107 (84) 116 (84)

  No. of days post-exposure to test 
(mean, range)

4.1 (1-9) 4.9 (1-26) 4.4 (1-12) 4.9 (1-26) 4.8 (1-26)

Avg. CT (mean, range) 26.7 (18.4-36.4) — 22.3 (18.4-31.0) 33.8 (28.3-38.1) 26.7 (18.4-38.1)

Abbreviations: CT, cycle threshold; RDT, rapid diagnostic tests; RT-PCR, reverse transcriptase-polymerase chain reaction.
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The average CT value of Sofia-Ag-RDT-negative, Xpert-RT-PCR-
positive children was significantly higher (33.8) than that of 
concordant asymptomatic children (22.3), suggesting that those 
missed by the RDT may have recently recovered from an asymp-
tomatic infection and were less likely to be infectious at the time 
of testing, with most CT values > 33 [15]. However, interpreta-
tion of CT values as an indicator of previous disease or infectivity 
must be done with caution, as high CT values (>33) could also 
represent detection of infection very early in the disease course, 
when viral loads have yet to peak.

Limitations of our study include that we only evaluated 1 RDT, 
while 43 RDTs have received FDA EUA [16]. Most have not been 
validated in children and may exhibit differing performance. The 
small group size in the asymptomatic arm limited power; how-
ever, sensitivity in our study is similar to other RDTs in asympto-
matic patients, including Sofia-Ag-RDT in adults [7]. This study 
was conducted before the emergence of Delta (March 2021) and 
Omicron (December 2021) variants in the United States.

Sofia-Ag-RDT is a lower-cost option for the rapid diagnosis 
of SARS-CoV-2 in symptomatic children. However, in instances 
where Sofia-Ag-RDT has inadequate performance, such as in 
asymptomatic children or in symptomatic children who test 
negative despite clinical suspicion of COVID-19, reflex or con-
firmation RT-PCR testing should be considered. 
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Table 2. Sofia Performance in Symptomatic and Asymptomatic Children According to Duration of Symptoms Before Test, Age, and Exposure to SARS-CoV-2

 Sensitivity Specificity 
Positive Predictive 

Value, % (CI) 
Negative Predictive 

Value, % (CI) Percent Agreement, % 

Symptomatic children (no., %)

  Days of symptoms before test

   ≤3 days 27/32 (84; CI, 68-93) 154/155
(99; CI, 96-100)

96 (82-100) 97 (93-99) 181/187 (97)

   4-5 days 7/10 (70; CI, 40-89) 39/40
(98; CI, 87-100)

88 (53-99) 93 (81-98) 46/50 (92)

   Alla 36/44 (82; CI, 68-91) 203/205
(99; CI, 97-100)

95 (83-99) 96 (93-98) 239/249 (96)

  Age

   0-5 years 17/21 (81; CI, 60-92) 114/116
(98; CI, 94-100)

90 (67-98) 97 (92-99) 131/137 (96)

   6-10 years 4/5 (80; CI, 38-99) 57/57
(100; CI, 94-100)

100 (51-100) 98 (91-100) 61/62 (99)

   11-16 years 15/18 (83; CI, 61-94) 32/32
(100; CI, 89-100)

100 (80-100) 91 (78-97) 47/50 (95)

Asymptomatic children (no., %)

  All children 9/14 (64; CI, 39-84) 123/124
(99; CI, 96-100)

90 (60-100) 96 (91-98) 132/138 (96)

  Children with known exposure 8/12 (67; CI, 39-86) 103/104
(99; CI, 95-100)

89 (57-99) 96 (91-99) 111/116 (96)

Abbreviation: CI, confidence interval.
aGroup inclusive of above as well as 12 additional children who did not have the exact number of symptom days reported. 
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