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ABSTRACT

Background: The number of confirmed cases of individuals with severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) infection increased rapidly due to the Omicron variant. Correctional facilities are vulnerable to
infectious diseases, and they introduced rapid antigen tests (RATs) to allow for early detection and rapid response.
We aimed to evaluate the diagnostic performance and usefulness of SARS-CoV-2 RATs in newly incarcerated people.
Materials and Methods: We conducted a cross-sectional study at correctional facilities in Korea from 9 March to 22
May 2022. The study population was newly incarcerated people who were divided into two groups. In one group, 799
paired SARS-CoV-2 RATs and real-time polymerase chain reaction (RT-PCR) were conducted simultaneously in 522
individuals in March 2022. In the other group, 4,034 paired RATs and RT-PCR consecutively in 4,034 participants;
only individuals with negative RATs results underwent RT-PCR from April to May 2022. We analyzed data using
descriptive statistics and a logistic regression model.

Results: Among the 799 specimens in March, RT-PCR was positive in 72 (9.0%), and among the 4,034 specimens

in April - May 2022, RT-PCR was positive in 40 (1.0%). Overall, the RATs had a sensitivity of 58.3%, specificity of
100.0%, positive predictive value (PPV) of 100.0%, and negative predictive value (NPV) of 96.0%. Asymptomatic
individuals constituted 98.2% of the study group, and symptomatic individuals 1.8%. In asymptomatic cases, the
sensitivity of RATs was 52.5%, specificity was 100.0%, PPV was 100.0%, and NPV was 96.3%. In symptomatic cases,
the sensitivity of RATs was 84.6%, specificity was 100.0%, PPV was 100.0%, and NPV was 33.3%. Sensitivity (P =
0.034) and NPV (P = 0.004) differed significantly according to the presence and absence of symptoms, and the F1
score was the highest at 0.9 in symptomatic individuals in March. There was a positive linear trend in the proportion
of false-negative RATs in newly incarcerated people following the weekly incidence of SARS-CoV-2 (P = 0.033). The
best-associated predictors of RATs for SARS-CoV-2 infection involved symptoms, timing of sample collection, and
repeat testing.
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Conclusion: Sensitivity and NPV significantly depend on whether symptoms are present, and the percentage of false
negatives is correlated with the incidence. Thus, using RATs should be adjusted according to the presence or absence
of symptoms and the incidence of SARS-CoV-2 infection in the community. RATs could be a useful screening tool as
an effective first-line countermeasure because they can rapidly identify infectious patients and minimize SARS-CoV-2
transmission in correctional facilities.
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GRAPHICAL ABSTRACT

Accuracy of Rapid Antigen Screening Tests for SARS-CoV-2 Infection
at Correctional Facilities in Korea: March - May 2022

[N % =62 [6§

Evaluation the diagnostic performance and usefulness of SARS-CoV-2 RATs
at correctional facilities during the Omicron surge in Korea.

Methods
* Newly incarcerated people at correctional facilities.

* InMarch 2022, 799 paired RATs and RT-PCR
simultaneously in 522 participants.

* InApril-May 2022, 4,034 paired RATs and RT-PCR
consecutively in 4,034 participants with negative
RATs results.
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Result

RT-PCR positive: 9.0% (72/799) in March 2022, 1.0% (40/4,034) in April-May 2022

Test evaluation of RATSs, % (95% CI)
Specificity PPV NPV

March-2022
Sensitivity

Overall 58.3(46-70) 100.0(99-100) 100.0(92-100) 96.0(94-97)

Sensitivity (P = 0.034) and NPV (P = 0.004) differed significantly
according to the presence and absence of symptoms.

F1score: The highest F1score (0.9) in symptomatic individuals

The positive linear trend between the incidence rate of SARS-CoV-2
and the proportion of false-negative RATs (P = 0.033).

The best-associated predictors of RATs for SARS-CoV-2 infection:
symptoms, timing of sample collection, and repeat testing.

« The use of RATs should be adjusted according to the symptoms and prevalence of SARS-CoV-2 infection in the community.

Conclusion
early diagnosis.

INTRODUCTION

Real-time polymerase chain reaction (RT-PCR) testing

is recognized worldwide as a standard method for
diagnosing severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. Although the accuracy of
RT-PCR is high, it requires long turnaround times (1 day
or more), expensive instrumentation, and a laboratory
setting [1]. Conversely, the accuracy of rapid antigen
tests (RATSs) is relatively lower than that of RT-PCR; they
can be used with "“fast turnaround times (approximately
15 minutes)” and are cheaper [1]. Thus, the demand for
RATs than RT-PCR increased as more sustainable and
efficient testing methods were needed while the SARS-
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* RATSs could be an effective first-line countermeasure in correctional facilities because they enable a rapid response through

CoV-2 pandemic persisted, and the number of confirmed
cases increased rapidly from January 2022 owing to the
Omicron variant [2-4]. In this situation, the Korea Disease
Control and Prevention Agency (KDCA) prioritized using
RT-PCR tests for early diagnosis and treatment in high-
risk groups [5]. From March 14, 2022, positive RATs results
were considered confirmed cases [6].

Accuracy of RATs means the ability of a test to accurately
determine the presence or absence of SARS-CoV-2 [7].
RATs clinical trials were conducted on confirmed patients
or those with symptoms, mainly conducted in the hospital
setting in Korea [8-11]. However, it is necessary to evaluate
the accuracy of RATs in incarcerated people because the
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risk of SARS-CoV-2 transmission is higher in correctional
facilities compared with the general population [12]. Since a
large SARS-CoV-2 outbreak at the Dongbu Detention Center,
in eastern Seoul, in November 2020 [13], the Ministry of
Justice introduced RATs as a decision-support tool to
screen SARS-CoV-2 infection for incarcerated people at
the point of care [14]. Moreover, newly incarcerated people
had to stay in a separate space for a period equivalent

to the SARS-CoV-2 incubation period (14 - 7 days) and
undergo RT-PCR to detect SARS-CoV-2 infection at the
time of admission and before their release in quarantine
[15]. The diagnostic test method in the correctional facility
was adjusted around March 2022 due to a surge in the
number of infections with the Omicron variant. Until March
2022, only RT-PCR tests were performed during admission
and before release from quarantine [15]. In April 2022,

the primary diagnostic tool for SARS-CoV-2 changed from
RT-PCR as a confirmatory test to RAT as a screening test;
therefore, when the result of RATs was positive, it was
considered a confirmed case. If the RATs were negative at
admission, RT-PCR was performed for confirmation.

Therefore, the primary objective of this study is to
evaluate the diagnostic performance of RATs in screening
for SARS-CoV-2 infection in newly incarcerated people

in correctional facilities. The secondary objective was to
evaluate the usefulness of RATs in screening for SARS-
CoV-2 infection to allow for the quarantine of infected
individuals and prevent outbreaks in correctional facilities.

MATERIALS AND METHODS

1. Data collection

We conducted a cross-sectional study to assess the
accuracy of RATs for SARS-CoV-2 infection targeted newly
incarcerated people at correctional facilities in Korea
between March and May 2022. The data in March were
collected only by those who agreed to this study before
collecting specimens, and the data from April to May were
analyzed using the data collected after testing for the
purpose of quarantine management in correctional facilities.
The information on participants and tests (RATs and
RT-PCR) was provided by the Ministry of Justice's SARS-
CoV-2 Correctional Facility Emergency Response Team. We
identified the participant’s SARS-CoV-2 vaccination history
linked the SARS-CoV-2 vaccination management system of
the KDCA (as of May 31, 2022). Data on the weekly incidence
rate of SARS-CoV-2 per 100,000 people in Korea were
obtained from the KDCA website.
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2. Ethics statement

This study was reviewed and approved by the Korea
Disease Control and Prevention Agency Institutional
Review Board (2022-06-06-PE-A) and performed in
accordance with the principles of the Declaration of
Helsinki. Since incarcerated individuals are considered
vulnerable research subjects, the IRB confirmed informed
consent from all participants in March 2022. We ensured
newly incarcerated individuals' voluntary participation
and confidentiality during the testing process by the IRB
guidelines. On the other hand, from April to May 2022,
we conducted a secondary research study using the
SARS-CoV-2 diagnostic test results performed as part of
the correctional facility quarantine policy. Because the
research presented a minimal risk to the study population,
the IRB waived the requirement for consent. Overall, in
order to protect personal information, we processed the
data in a manner that rendered individual identification
impossible and subsequently conducted the analysis.

3. Study setting and participants

There are 54 correctional facilities, including prisons

and jails, in Korea. Among them, forty-eight correctional
facilities; 36 prisons and 12 jails participated in this study.
The criteria for selecting the study population were newly
incarcerated people who were admitted to correctional
facilities regardless symptoms.

We categorized the participants into two groups according
to the sample collection period.

One group consisted of 565 individuals who underwent
RATs and RT-PCR stimulations to evaluate the accuracy

of RATs from March 9 to 29, 2022. Among them, we
excluded 43 people who tested before the study period,
those with inaccurate identification numbers, and those
who did not undergo an RT-PCR test at the time of
admission. Moreover, 277 individuals were tested twice
when admitted to a correctional facility and released from
guarantine. Therefore, we analyzed 799 RATs and RT-PCR
pairs of 522 tested people. The second group consisted

of 4,512 individuals from April 18 to May 22, 2022, and
only individuals with negative RATs results subsequently
underwent RT-PCR. Among them, 478 individuals who
missed RATs or RT-PCR, those with incorrect identification
numbers, those with positive RATs results, those with
inconclusive RATs or RT-PCR results, and those who were
enrolled twice or released from the facilities during the
study period were excluded. Therefore, we analyzed the
data of 4,034 individuals who underwent RATs and RT-
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Newly incarcerated people, Admitted newly incarcerated people

consented to participate in this study
(9 - 29 March 2022)

(18 April - 22 May 2022)
(n=4,512)

(n = 565)

Excluded (n = 43)
- Data before the analysis (n = 29)
- Inaccurate ID number (n =13)
- Not tested RT-PCR (n =1)

Y

Excluded (n = 478)
- Underwent only RAT or RT-PCR (n = 326)
- Inaccurate ID number (n = 114)
» - Positive on RAT (n =17)
- Indeterminate on RT-PCR or RAT (n =12)
- ID deduplication (n = 8)
- Release (n=1)

Enrolled newly incarcerated people,
underwent both RAT and RT-PCR
(n =522)

Enrolled newly incarcerated people,

underwent both RAT and RT-PCR
(n=4,034)

Figure 1. Study flowchart of newly incarcerated people at correctional facilities in Korea: March 9 - May 22, 2022.
RT-PCR, real-time polymerase chain reaction; RAT, rapid antigen tests.

PCR stimulations (Fig. 1).

4. Sample collection

SARS-CoV-2 tests for newly incarcerated people were
conducted at clinics affiliated with the correctional
facilities. The clinic's trained medical personnel had
performed RATs and RT-PCR parallel testing.

A total of 12 RAT products which were used as index tests
were licensed and registered by the Ministry of Food and
Drug Safety (MFDS) in Korea (Supplementary Table 1). This
method involves inserting a cotton swab of RATs into the
nasopharyngeal mucosa of one nostril. For each RAT Kit,
two-three drops of the extracted sample were applied to
the sample instillation site. The results were read in 10-20
minutes according to the manufacturer's manual without
knowledge of RT-PCR results. A test was considered
inconclusive if RAT control lines were faint at the test band.

In the case of RT-PCR as a reference standard, the
specimen was collected from the same site; it was
refrigerated immediately and transported to associated
outside laboratory settings once or twice a day for
RT-PCR (unaware of the RATs results). The RT-PCR test
reagents differed in a total of 11 institution’s laboratories;
therefore, we labeled the results qualitatively as "positive,
negative, and inconclusive" rather than quantitatively
considering the cycle threshold (Ct) value.

5. Statistical analysis

First, we analyzed the demographic data of the study
population based on RT-PCR results from March to May
2022. Categorical variables are expressed as numbers
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(percentages). Fisher's exact test was performed to
compare categorical variables according to the results

of RT-PCR. The normality test for continuous variables
was performed using the Shapiro-Wilk test. Then, the
Wilcoxon rank sum test was performed if the distribution
was not normal (P <0.05). Second, we calculated the
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) using 2 x 2 tables of the
RATs and RT-PCR results. We performed Chi-square or
Fisher's exact tests to evaluate for significant differences
according to characteristics. Furthermore, we calculated
metrics (i.g., accuracy, precision, recall, F1score) for
measuring the performance of RATs in imbalanced
classification. F1 score ranges from O to 1, a higher score
denotes a better quality classifier. Third, the Chi square-
test for trend was performed to evaluate the associations
between the results of RATs and the incidence rate

of SARS-CoV-2 infection in the community in April

and May 2022 [16-21]. Lastly, we investigated whether
predictors of the RATs were related to the potential
confounding variables using univariate and multivariate
logistic regression analyses in March 2022. P <0.05 was
considered statistically significant. It was presented with
95% confidence intervals (Cl). All data were analyzed
using R program 4.1.0 (R Studio Inc., Boston, MA, USA).

RESULTS

1. Characteristics of participants

We analyzed the characteristics of participants with
positive and negative RT-PCR results. Among the 799
specimens in March, RT-PCR was positive in 72 (9.0%),
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and among the 4,034 specimens in April-May 2022, RT-
PCR was positive in 40 (1.0%). Most individuals were male,
and the median age was similar in both groups. Most
participants were asymptomatic, 98.2% in March 2022
and 99.1% in April - May 2022. The third dose of SARS-
CoV-2 vaccination was the highest, 39.9% in March 2022
and 48.8% in April - May 2022 (Table 1).

2. Diagnostic accuracy of RATs

The overall sensitivity of RATs was 58.3% (95% Cl: 46.1

- 69.8%); the specificity was 100.0% (95% Cl: 99.5 -
100.0%); the PPV was 100.0% (95% Cl: 91.6 - 100.0%);
and the NPV was 96.0% (95% Cl: 94.4 - 97.3%) in March
2022. Among the 799 participants, 93.0% (n = 743) were
male, and 7.0% (n = 56) were female. The sensitivity of
RATs in male participants was higher at 61.8% (95% CI:
49.2 - 73.3%) than in female participants at 0.0% (95%
Cl: 0.0 - 60.2%), and the difference was significant (P =
0.027). The NPV of RATs in male participants was 96.3%
(95% Cl: 94.6 - 97.6%), and that in female participants
was 92.9% (95% Cl: 82.7 - 98.0%), and the difference
was not significant (P = 0.695). The proportion of the
50-59 years old age group was the greatest at 24.2% (n
=193), the sensitivity was 68.8% (95% Cl, 41.3 - 89.0%)),
and NPV was 97.3% (95% Cl: 93.7 - 99.1%). There was no
correlation between sensitivity and NPV and age.

The study sample mainly comprised asymptomatic
participants (98.2%, n = 785). In asymptomatic people,
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the sensitivity was 52.5% (95% Cl: 39.1 - 65.7%),
specificity was 100.0% (95% Cl: 99.5 -100.0%), PPV was
100.0% (95% Cl: 88.8-100.0%), and NPV was 96.3%
(95% Cl: 94.7 - 97.5%), respectively. In symptomatic
people, the sensitivity was 84.6% (95% Cl: 54.6 - 98.1%),
specificity was 100.0% (95% Cl: 2.5 - 100.0%), PPV was
100.0% (95% Cl: 71.5 - 100.0%), and NPV was 33.3%
(95% Cl: 0.8 - 90.6%) respectively. The sensitivity of
RATs in symptomatic individuals was higher, and the

NPV was lower than that in asymptomatic individuals.
The sensitivity (P = 0.034) and NPV (P = 0.004) of RATs
were significantly different according to the presence of
symptoms at diagnosis. On the other hand, the sensitivity
of RATs was 62.1% (95% Cl: 42.3 - 79.3%) in people who
had received two or more doses of vaccines and 47.4%
(95% Cl: 24.4 - 71.1%) in people who had received less
than two doses of vaccines; the specificity was 100.0%,
PPV was 100.0%, and NPV ranged from 95.1 to 97.0%.
The sensitivity and NPV of RATs did not differ according
to vaccination status (Table 2). The study has imbalanced
distribution because it mainly counted male and
asymptomatic individuals. Both precision and recall were
high; the F1score was the highest at 0.9 in symptomatic
subjects (Table 3).

3. Incidence rate of SARS-CoV-2 infection and the
accuracy of RATs

We calculated the number of false-negative RATs and

estimated the association between the proportion and the

Table 1. Baseline characteristics of participants based on RT-PCR for SARS-CoV-2 infection in two groups at correctional facilities in

March 2022 and April-May 2022

Characteristics March-2022 RT-PCR April - May RT-PCR
Total Positive Negative P-Value 2022 Total Positive Negative P-Value

Total 799 (100.0) 72 (9.0) 727 (91.0) 4,034 (100.0) 40 (1.0) 3,994 (99.0)

Sex 0.810 0.773
Male 743 (93.0) 68 (94.4) 675 (92.8) 3,689 (91.4) 36 (90.0) 3,653 (91.5)

Female 56 (7.0) 4 (5.6) 52 (7.2) 345 (8.6) 4 (10.0) 341(8.5)

Age, median, [IQR]  43.0 (31.0 - 54.0) 41.5(31.8-55.3) 43.0 (30.0-54.0) <0.001 44.0 (31.0-55.0) 47.0(31.5-58.0) 44.0(31.0-55.0) <0.001

Age, Distribution 0.491 0.690
<19 16 (2.0) 101.4) 15 (2.1) 105 (2.6) 1(2.5) 104 (2.6)

20-29 166 (20.8) 11(15.3) 155 (21.3) 806 (20.0) 8 (20.0) 798 (20.0)
30-39 143 (17.9) 19 (26.4) 124 (17.1) 731(18.1) 5 (12.5) 726 (18.2)
40- 49 174 (21.8) 15 (20.8) 159 (21.9) 880 (21.8) 7 (17.5) 873 (21.9)
50 - 59 193 (24.2) 16 (22.2) 177 (24.3) 925 (22.9) 10 (25.0) 915 (22.9)
>60 107 (13.4) 10 (13.9) 97 (13.3) 587 (14.6) 9 (22.5) 578 (14.5)

Symptoms <0.001 <0.001
Asymptomatic 785 (98.2) 59 (81.9) 726 (99.9) 3,996 (99.1) 25 (62.5) 3,971(99.4)
Symptomatic 14 (1.8) 13 (18.1) 1(0.1) 38 (0.9) 15 (37.5) 23(0.6)

Vaccination status 0.363 0.764
<ist 215 (26.9) 19 (26.4) 196 (27.0) 883 (21.9) 8 (20.0) 875 (21.9)
2nd 265 (33.2) 29 (40.3) 236 (32.5) 1,181 (29.3) 10 (25.0) 1,171 (29.3)
>3rd 319 (39.9) 24 (33.3) 295 (40.6) 1,970 (48.8) 22 (55.0) 1,948 (48.8)

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR, real-time polymerase chain reaction; IQR, interquartile range.
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Table 2. Diagnostic accuracy of RATs for SARS-CoV-2 infection: performance characteristics at correctional facilities from March 9 to 29, 2022

Specificity

PPV

NPV

% (95% ClI)

% (95% Cl)

% (95% Cl)

P-Value

Characteristics RATs Sensitivity
TP FN FP TN Total (%) % (95% CI)  P-Value
Total 42 30 0 727 799 (100.0) 58.3 (46.1-69.8)
Gender 0.027
Male 42 26 0 675 743(93.0) 61.8(49.2-73.3)
Female 0 4 0 52 56(70) 0.0 (0.0 - 60.2)
Age 0.773
<19 0 1 0 15 16(2.0) 0.0 (0.0-97.5)
20-29 6 5 0 155 166 (20.8) 54.5(23.4-83.3)
30-39 12 7 0 124 143(17.9) 63.2(38.4-83.7)
40 - 49 8 7 0 159 174(21.8) 53.3(26.6-78.7)
50-59 n 5 0 177 193 (24.2) 68.8(41.3-89.0)
>60 5 5 0 97 107(13.4) 50.0(18.7 - 81.3)
Symptoms 0.034
Asymptomatic 31 28 0 726 785(98.2) 52.5(39.1-65.7)
Symptomatic 1 2 0 1 14(.8) 84.6 (54.6 - 98.1)
Vaccination status 0.528
<Ist 9 10 0 196 215(26.9) 47.4(24.4-71.1)
2nd 18 M 0 236 265(33.2) 62.1(42.3-79.3)
>3rd 15 9 0 295 319(39.9) 62.5(40.6-81.2)

100.0 (99.5 - 100.0)

100.0 (99.5 - 100.0)
100.0 (93.2 - 100.0)

100.0 (78.2 - 100.0)
100.0 (97.6 - 100.0)
100.0 (97.1-100.0)
100.0 (97.7 - 100.0)
100.0 (97.9 - 100.0)
100.0 (96.3 - 100.0)

100.0 (99.5 - 100.0)
100.0 (2.5 - 100.0)

100.0 (98.1-100.0)
100.0 (98.4 - 100.0)
100.0 (98.8 - 100.0)

100.0 (91.6 - 100.0)

100.0 (91.6 - 100.0)

100.0 (54.1-100.0)
100.0 (73.5 - 100.0)
100.0 (63.1-100.0)
100.0 (71.5 - 100.0)
100.0 (47.8 - 100.0)

100.0 (88.8 - 100.0)
100.0 (71.5 - 100.0)

100.0 (66.4 - 100.0)
100.0 (81.5 - 100.0)
100.0 (78.2 - 100.0)

96.0 (94.4 - 97.3)

96.3 (94.6 - 97.6)
92.9 (82.7 - 98.0)

93.8 (69.8 - 99.8)
96.9 (92.9 - 99.0)
94.7 (89.3 - 97.8)
95.8 (91.5-98.3)
97.3(93.7-99.7)
95.1(88.9 - 98.4)

96.3 (94.7 - 97.5)
33.3 (0.8 -90.6)

95.1(91.3-97.6)
95.5(92.2-97.8)
97.0 (94.5 - 98.6)

0.695

0.829

0.004

0.499

RATs, rapid antigen tests; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PPV, positive predictive value; NPV, negative
predictive value; TP, true positive; FN, false negative; FP, false positive; TN, true negative; Cl, confidence interval.

Table 3. Performance metrics of RATs for SARS-CoV-2 infection: Performance characteristics at correctional facilities from March 9 to 29, 2022

Characteristics RATs Performance metrics
TP FN FP TN Total (%) Accuracy Precision Recall F1 score

Total 42 30 0 727 799 (100.0) 1.0 1.0 0.6 0.7
Sex

Male 42 26 0 675 743 (93.0) 1.0 1.0 0.6 0.8

Female 0 0 52 56 (7.0) 0.9 0.0 o
Age

<19 0 1 0 15 16 (2.0) 0.9 0.0 -

20-29 6 5 0 155 166 (20.8) 1.0 1.0 0.6 0.7

30-39 12 7 0 124 143 (17.9) 1.0 1.0 0.6 0.8

40 - 49 8 7 0 159 174 (21.8) 1.0 1.0 0.5 0.7

50 - 59 1 5 0 177 193 (24.2) 1.0 1.0 0.7 0.8

>60 5 5 0 97 107 (13.4) 1.0 1.0 0.5 0.7
Symptoms

Asymptomatic 31 28 0 726 785 (98.2) 1.0 1.0 0.5 0.7

Symptomatic M 2 0 1 14 (1.8) 0.9 1.0 0.9 0.9
Vaccination status

<Ist 9 10 0 196 215 (26.9) 1.0 1.0 0.5 0.6

2nd 18 1 0 236 265 (33.2) 1.0 1.0 0.6 0.8

>3rd 15 9 0 295 319 (39.9) 1.0 1.0 0.6 0.8

RATSs, rapid antigen tests; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PPV, positive predictive value; NPV, negative
predictive value; TP, true positive; FN, false negative; FP, false positive; TN, true negative; Cl, confidence interval.

weekly incidence rate of SARS-CoV-2 infection from April
to May 2022. The weekly incidence rate of SARS-CoV-2
infection was highest (163.1/100,000) in the third week

of April 2022 and dropped to 33.9/100,000 people by

the fourth week of May 2022 [16, 21]. Despite the marked
changes, the NPV remained at 98.6% and higher without
a specific trend. However, the number of false-negative
RATs decreased as the incidence of SARS-CoV-2 infection
in the community declined. There was a significant
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positive linear trend between the proportions of false-
negative RATs and the weekly incidence rate of SARS-
CoV-2 infection in the community (P = 0.033) (Table 4).

4. Predictors of RATs associated with SARS-
CoV-2 infection

A total of 799 participants in March were included in the

analysis. There were 58.3% (n = 42) subjects reactive

by RATs, with 9.0% (n = 72) positive by RT-PCR. Of the
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Table 4. Negative predictive value of RATs for SARS-CoV-2 infection concerning disease incidence rate in Korea from April 18 to May 22, 2022

Test National incidence rate® Total FN TN NPV
Month week n (%) P for trend n (%) P for trend % (95% Cl) P for trend
April 3rd [16] 163.1 831 12 (1.4) 0.033 819 (98.6) 0.224 98.6 (97.5 - 99.3) -
4th [17] 105.2 852 1(1.3) 841(98.7) 98.7 (97.7 - 99.4)
May 1st [18] 74.3 559 5(0.9) 554 (99.1) 99.1(97.9 - 99.7)
2nd [19] 65.7 880 7 (0.8) 873 (99.2) 99.2 (98.4 - 99.7)
3rd [20] 48.6 905 5(0.6) 900 (99.4) 99.4 (98.7 - 99.8)
4th [21] 33.9 7 0 (0.0) 7 (100.0) 100.0 (59.0 - 100.0)

aWeekly incidence rate per 100,000 population.

RATSs, rapid antigen tests; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; FN, false negative; TN, true negative; NPV,

negative predictive value; Cl, confidence interval.

distribution of the symptoms, only 26.2% (n = 11) of all
the subjects had SARS-CoV-2 symptoms. In univariate
analysis, we observed increased odds ratios (ORs) for
symptomatic individuals. To establish independent
sensitivity predictors, we calculated ORs for those having
a positive RAT according to subgroups in multivariate
analysis. The best set of associated predictors with SARS-
CoV-2 infection included having symptoms, the timing of
sample collection, and repeat testing after adjustment
for age, symptoms, vaccination status, and repeat testing.
Compared to asymptomatic individuals, the sensitivities
of RATs in symptomatic individuals were 22.91 higher (CI:
3.39-154.75, P = 0.001), and the sensitivities of specimen
collected on the day of symptom onset was 16.97 higher
(Cl: 2.45 -117.82, P = 0.004). Additionally, repeated tests
were carried out on 277 participants in this study, and the
sensitivity of RATs was 7.58 higher in repeated testing

than in initial testing (Cl: 214 - 26.81, P = 0.002) (Table 5).

DISCUSSION

We aimed to investigate the diagnostic performance and
usefulness of RATs as a screening tool in correctional
facilities during the Omicron wave from March to May
2022. The present finding shows that the characteristics
associated with RATs were having symptoms, collecting on
the symptom onset date, and testing repeatedly. RATs were
helpful in rapidly identifying and preventing SARS-CoV-2
outbreaks and reducing incidence in correctional facilities.

In our study, the overall sensitivity of RATs (58.3%)
was lower than that in a previous study focusing on the
Omicron variant (65.2%) because the percentage of
asymptomatic individuals was high [22].

Similar to other studies on the performance of antigen

tests, we found that the sensitivity of RATs in symptomatic
individuals was higher than that in asymptomatic
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individuals (84.6% vs. 52.5%), and the NPV in symptomatic
individuals was lower than that in asymptomatic individuals
(33.3% vs. 96.3%) [23-26]. The F1score in symptomatic
subjects was the highest at 0.9 in imbalance datasets. As a
result, the sensitivity and NPV of the RATs were significant,
and RATs can better screen people with symptoms even
with imbalanced data. These symptomatic individuals were
likely to be confirmed as SARS-CoV-2 infection in real-

life applications [27]. On the other hand, asymptomatic
individuals at the screening point would likely be pre-
symptomatic or infected without developing symptoms
[28]. Therefore, it is thus necessary to confirm SARS-CoV-2
status by performing tests periodically with asymptomatic
people in correctional facilities [29].

When RT-PCR testing was in high demand due to the
Omicron surge, subsequent RT-PCR testing was performed
only in those who were RATs negative in correctional
facilities. There was a linear trend between the proportion
of false-negative RATs and the weekly incidence rate of
SAS-CoV-2 infection (P = 0.033). RT-PCR can be detected
even after replication because it amplifies and tests RNA
[27]. However, if this is not the case, false-negative RATSs
may potentially transmit SARS-CoV-2 in high prevalence,
as appropriate control and protection measures may

not be implemented [30]. Therefore, it is necessary to
strategically determine the best testing method, such

as RATs serial testing and RT-PCR parallel testing for
screening when using RATs to improve the usefulness in
high prevalence [31, 32].

WHO recommends using RATs to monitor closed-group
outbreaks, such as in prisons [33, 34]. The rate of SARS-
CoV-2 infection is estimated to be 5.5 times higher among
incarcerated people in correctional facilities than in the
general public [35]. Overcrowding is the greatest factor
contributing to SARS-CoV-2 transmission in correctional
facilities [36]. In addition, people in correctional facilities
may be more vulnerable to SARS-CoV-2 owing to underlying
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Table 5. Predictors of positive RATs amongst SARS-CoV-2 RT-PCR positive samples in univariate and multivariate logistic regression
models at correctional facilities from May 9 to 29, 2022 (N = 72)

Characteristics Positive on RATs Positive on RT-PCR
Univariate Multivariate®
n (%) OR (95% CI) P-Value OR (95% CI) P-Value
Total 42 (58.3)
Gender
Male 42 (100.0) 1.00
Female 0 (0.0) -
Age (yrs)
43 21(50.0) 1.00 1.00
>43 21(50.0) 1.31(0.51 - 3.35) 0.577 1.08 (0.35 - 3.36) 0.891
Symptoms
Asymptomatic 31(73.8) 1.00 1.00
Symptomatic 11 (26.2) 4.97 (1.01 - 24.38) 0.048 22.91(3.39 - 154.75) 0.001
<1 day® 8 (19.0) 3.61(0.71-18.47) 0.123 16.97 (2.45 - 117.82) 0.004
1-5 days® 2 (4.8)
>6 days® 1(2.4)
Sore throat
No 35 (83.3) 1.00
Yes 7 (16.7) 5.80 (0.67 - 49.91) 0.109
Cough
No 39 (92.9) 1.00
Yes 3(7.0) 2.23 (0.22 - 22.56) 0.497
Sputum
No 40 (95.2) 1.00
Yes 2(4.8) 1.45 (0.13 - 16.76) 0.766
Runny nose
No 41 (97.6) 1.00
Yes 1(2.4) -
Myalgia
No 40 (95.2) 1.00
Yes 2 (4.8) -
Fever
No 41 (97.6) 1.00
Yes 1(2.4) 0.71(0.04 - 11.78) 0.809
Othere
No 40 (95.2) 1.00
Yes 2(4.8) -
Vaccination status
<Ist 9 (21.4) 1.00 1.00
2nd 18 (42.9) 1.82 (0.56 - 5.87) 0.317 3.26 (0.79 - 13.47) 0.102
>3rd 15 (35.7) 1.85 (0.55 - 6.29) 0.323 1.57 (0.39 - 6.38) 0.527
Repeat testing
Initial 17 (40.5) 1.00 1.00
Repeated 25 (59.5) 2.54 (0.97 - 6.67) 0.058 7.58 (2.14 - 26.81) 0.002

2Independent variables: age, symptoms, vaccination status, repeat testing.

®Days between reported symptom onset and specimen collection.

CFlu-like symptoms.

RATSs, rapid antigen tests; SARS-CoV-2, severe acute respiratory syndrome coronavirus; RT-PCR, real-time polymerase chain reaction; OR,
odds ratio; Cl, confidence interval.

risk factors such as male, older age, and a high prevalence It was essential for correctional health to determine

of chronic underlying health conditions [12, 37-39]. whether to identify people infected with SARS-CoV-2
accurately or to undergo a screening process to

In Korea, when introducing RATs as a screening tool response rapidly. RATs can be reduced the workload

in correctional facilities, there was a concern about and administrative burden under a lack of available

the occurrence of outbreaks within the crowded group workforce due to confirmed cases among employees.

residence facilities due to the low sensitivity of RATs. Rapid RATSs results made it somewhat easier to manage
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incarcerated people because there was limited space for
long-term isolation until the RT-PCR results were released.
Moreover, early detection and gquarantine management
prevent a large-scale outbreak, it is able to prevent SARS-
CoV-2 infection not only incarcerated people but also
correctional staff [40].

This study had some limitations. First, most of the
participants were male and reported being asymptomatic
at the time of testing. Data imbalances might lead to
selection bias. Because there was insufficient data to
calculate the NPV of the symptomatic, the NPV results
cannot be generalized. Second, the usefulness of RATs as
a screening tool cannot be normally generalized because
they proved effective in correctional facilities during the
high prevalence period. Third, the accuracy of each RATs
product cannot be considered due to the use of various
commercial RAT kits.

Analytical and clinical validity are important prerequisites
for assessing the clinical usefulness of RATs. However,

we conducted only diagnostic accuracy (clinical validity)
of RATs with SARS-CoV-2 infection. Therefore to
establish the RATs diagnostic system as a screening tool,
we propose a further study to quantitatively analyze

the difference of Ct values according to clinical and
epidemiological information such as symptoms and
vaccination status and the distribution of Ct values by
collecting more data related to symptoms.

In conclusion, sensitivity and NPV significantly depend on
whether symptoms are present, and the percentage of false
negatives is correlated with the incidence. Therefore, using
RATs need a strategic approach according to symptoms in
a high-prevalence environment. RATs could be an effective
first-line countermeasure to prevent transmission and
spread in correctional facilities through early detection

of confirmed patients. This is the first large-scale study to
evaluate the diagnostic accuracy of SARS-CoV-2 RATs in
Korea. We hope this study will be used as primary data for
preventing and managing emerging respiratory infectious
diseases in correctional facilities.
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