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The Abbott BinaxNOW rapid antigen test is cheaper and
faster than real-time reverse transcription PCR (rRTPCR) for detecting severe acute respiratory syndrome
coronavirus 2. We compared BinaxNOW with rRT-PCR
in 769 paired specimens from 342 persons during a
coronavirus disease outbreak among horse racetrack
workers in California, USA. We found positive percent
agreement was 43.3% (95% CI 34.6%–52.4%), negative
percent agreement 100% (95% CI 99.4%–100%), positive predictive value 100% (95% CI 93.5%–100%), and
negative predictive value 89.9% (95% CI 87.5%–92.0%).
Among 127 rRT-PCR–positive specimens, the 55 with
paired BinaxNOW-positive results had a lower mean
cycle threshold than the 72 with paired BinaxNOW-negative results (17.8 vs. 28.5; p<0.001). Of 100 specimens
with cycle threshold <30, a total of 51 resulted in positive virus isolation; 45 (88.2%) of those were BinaxNOWpositive. Our comparison supports immediate isolation
for BinaxNOW-positive persons and confirmatory testing
for negative persons.

R

apid antigen tests, such as Abbott BinaxNOW
(https://www.abbott.com) test kits, offer a
less expensive and faster alternative to nucleic acid
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amplification tests, such as real-time reverse transcription PCR (rRT-PCR), in the diagnosis of coronavirus disease (COVID-19) (1,2). Previous studies
of BinaxNOW compared with rRT-PCR have demonstrated a high negative percent agreement (NPA)
(99.4%–100%) but variable positive percent agreement (PPA) (52.5%–89.0%). Performance was better
among symptomatic persons, specimens with cycle
threshold (Ct) <30 (suggestive of higher viral loads),
and specimens with positive viral cultures (3–8).
These reports have focused on community testing
sites and outbreaks in healthcare facilities.
Throughout the pandemic, certain nonhealthcare
occupational groups (e.g., meat and poultry processing workers) have experienced higher risk of contracting COVID-19; this higher risk is attributable to workplace hazards, such as lack of appropriate personal
protective equipment, densely populated work areas,
poorly ventilated workspaces, and prolonged close
contact (9,10). These workplaces might benefit from
effective rapid antigen tests that enable employers to
quickly identify persons infected with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
for isolation and to guide contact tracing, thereby
reducing workplace transmission. Despite the need
for research on this topic, information on the performance of BinaxNOW in the setting of nonhealthcare
workplace outbreaks is lacking.
During October 20, 2020–January 15, 2021, a
horse racetrack (the facility) in California, USA, experienced a COVID-19 outbreak among its 563 employees and independent contractor workers (hereafter collectively called facility staff). Nearly half
(n = 278; 49.4%) of the staff lived onsite in facilityprovided housing, and many performed essential
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duties (e.g., grooming, feeding) related to the basic
care of the >1,100 horses stabled there.
The outbreak was discovered by the contact tracing efforts of the local health department (LHD), the
City of Berkeley Public Health Officer Unit. In response, the LHD ordered that all nonessential work
activities (e.g., horse racing) be stopped until mass
testing of all staff demonstrated no further transmission. The initial round of rRT-PCR testing (round 0)
occurred on November 14–15, 2020, and identified 169
SARS-CoV-2–positive staff who were subsequently
isolated. At this time, all staff were assumed to have
been exposed. Those living onsite were moved to hotel rooms to quarantine, and those living offsite quarantined in their homes. No staff were permitted to return to onsite residence until the outbreak had ended.
However, some quarantined employees were permitted to return to work if they were needed to perform
duties related to essential care of the horses. Additional rounds of testing were needed to monitor ongoing transmission and determine when the outbreak
had ended. The LHD decided to use BinaxNOW as
a supplement to rRT-PCR to more quickly identify
SARS-CoV-2–positive employees for isolation. This
use provided an opportunity to assess the effectiveness of the BinaxNOW rapid antigen test in detecting
SARS-CoV-2 infection in a nonhealthcare workplace
outbreak. The purpose of this analysis is to compare
BinaxNOW with rRT-PCR in paired specimens from
persons during a COVID-19 outbreak among horse
racetrack workers. These findings could inform testing protocols used to contain future outbreaks of
COVID-19 in nonhealthcare workplaces.
Methods
The facility, in collaboration with the LHD and the
California Department of Public Health (CDPH) laboratory, conducted 6 rounds of serial testing of its staff
with paired BinaxNOW rapid antigen and rRT-PCR
tests during November 25–December 22 (rounds 1–6).
Testing frequency was determined by the LHD and
changed as the outbreak progressed. Each round was
intended to test all staff who had not yet tested positive by BinaxNOW or rRT-PCR to continue identifying potentially infectious persons. Staff who tested
positive by either BinaxNOW or rRT-PCR were isolated and excluded from further testing.
All specimen collection and antigen testing occurred outdoors in the parking lot of the facility. On
the day of testing, a facility administrative employee
conducted registration and collected demographic
data, including self-reported race and ethnicity.
Symptom information was elicited by asking staff if
2762

they were experiencing any COVID symptoms, such
as fever, headache, or loss of taste. Bilateral anterior
nasal swab specimens were collected by either the
racetrack physician or one of the racetrack veterinarians trained in collection procedures. A first swab
specimen was used for onsite BinaxNOW testing; a
second swab specimen was placed in viral transport
medium and chilled on ice packs before transport
to the CDPH laboratory for rRT-PCR testing 24–72
hours after collection. All specimens in viral transport medium were frozen at –70°C within 12 hours
of delivery to the laboratory. BinaxNOW test results
were interpreted immediately at the 15-minute read
time by the racetrack physician in accordance with
the test kit instructions, along with the updated scoring criteria described by Pilarowski et al. (5), which
indicates that bands are scored as positive only
if they extend across the full width of the strip, irrespective of the intensity of the band. Because BinaxNOW testing was not performed for round 0,
those 169 rRT-PCR–positive specimens were not included in this analysis.
For rRT-PCR, we isolated and purified viral
nucleic acid (NA) from the swab specimens by using the KingFisher Flex Purification System and the
MagMAX Viral/Pathogen Nucleic Acid Isolation
Kit (ThermoFisher Scientific, https://www.thermofisher.com). We performed rRT-PCR by using
the ThermoFisher TaqPath COVID-19 Combo Kit,
which targets 3 SARS-CoV-2 viral regions (nucleocapsid protein gene, spike protein gene, and open
reading frame 1ab), and the Applied Biosystems
7500 Fast Dx Real-Time PCR Instrument (ThermoFisher Scientific), according to the manufacturer’s
instructions. Real-time RT-PCR–positive specimens
with Ct <30 were also cultured for SARS-CoV-2 at
CDPH in a Biosafety Level 3 laboratory. For cultures, 200 µL of patient specimen was diluted 1:1
with diluent containing 0.75% bovine serum albumin, and 50 µL was added to 8 replicate wells in
a 96-well plate containing confluent Vero-81 cells
at 37°C with 5% CO2. After 1 h, the inoculum was
removed and 200 µL of minimum essential medium containing 5% fetal bovine serum and antibiotics was added to each well. Cells were monitored
for cytopathic effect. Cells with positive cytopathic
effect were tested by rRT-PCR to confirm presence
of SARS-CoV-2. Cells with no cytopathic effect or
negative rRT-PCR results were passaged after 7 d
onto fresh confluent Vero-81 and monitored for an
additional 7 d before performing rRT-PCR again.
Viral replication in these specimens was defined as
a decrease in Ct over the culture period.
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We used the paired BinaxNOW and rRT-PCR
results to calculate the BinaxNOW PPA, NPA, negative predictive value (NPV), and positive predictive
value (PPV), using Ct <37 to define rRT-PCR–positive
specimens. As described in Pilarowski et al. (5), we
also calculated performance by using Ct <30 to define rRT-PCR–positive specimens. The exact binomial
method was used to calculate 95% CIs. Comparison
of mean Ct was performed using the Welch t-test. We
performed statistical analyses using R version 4.0.1
(R Foundation for Statistical Computing, https://
www.r-project.org).
This activity was reviewed by the Centers for
Disease Control and Prevention (CDC) and was conducted consistent with applicable federal law and
CDC policy (45 C.F.R. part 46, 21 C.F.R. part 56; 42
U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.).
In addition, this activity was conducted as part of a
COVID-19 project determined to be nonresearch by
the California Health and Human Services Agency’s
Committee for the Protection of Human Subjects.
Results
Including testing performed in round 0 and results
reported by outside laboratories from staff seeking
testing on their own, the cumulative incidence over
the course of the outbreak in the entire staff was
62.3% (351/563). A total of 342 different staff participated in testing rounds 1 through 6. These persons
ranged in age from 18 to 92 years (median 52 years).
Self-reported race and ethnicity produced cell sizes
that are too small to report, so only Hispanic ethnicity is presented in this study. Most staff identified as
Hispanic (62.0%) (Table 1). Symptoms were reported
by 11 different persons at the time of testing, which
accounted for 11/769 (1.4%) of collected paired specimens. A total of 6 persons were hospitalized, and 1
of those patients died. The number of staff tested in

each round, which varied because of attrition and
exclusion of SARS-CoV-2–positive staff from further testing, ranged from 333 persons (round 1) to 57
persons (round 4). The number of rRT-PCR–positive
results in each round ranged from 98 (round 1) to 0
(round 4) (Table 2).
In total, 769 valid, paired rRT-PCR and BinaxNOW antigen test results were reported and
analyzed. Among all paired testing rounds with
rRT-PCR, BinaxNOW produced these results when
rRT-PCR tests with Ct <37 were considered positive: PPA, 43.3% (95% CI 34.6%–52.4%); NPA, 100%
(95% CI 99.4%–100.0%); PPV, 100.0% (95% CI 93.5%–
100.0%); and NPV, 89.9% (95% CI 87.5%–92.0%).
When only rRT-PCR tests with Ct <30 were considered positive, BinaxNOW produced these results:
PPA, 55.6% (95% CI 45.2%–65.6%); NPA, 100% (95%
CI 99.5%–100%), PPV, 100.0% (95% CI 93.5%–100%);
and NPV, 93.8% (95% CI 91.8%–95.5%) (Table 3).
Of 127 rRT-PCR–positive specimens, BinaxNOW
detected 55, did not detect 72 (44 specimens with Ct
<30, 5 specimens with Ct <20, and 6 specimens with
positive viral cultures), and produced no false-positive results (Table 3). Among rRT-PCR–positive specimens, those with paired BinaxNOW-positive results
had a lower mean Ct (17.8) than those with paired BinaxNOW-negative results (28.5) (p < 0.001). No rRTPCR–positive results with a Ct >29.4 were detected by
BinaxNOW (Figure 1).
In dual-positive pairs, the median time between
rRT-PCR specimen collection date and results reported date was 4 days (range 1–6 days). For BinaxNOW
false-negative pairs, the median time between rRTPCR specimen collection date and results reported
date was 5 days (range 1–7 days). In contrast, the
15-minute read time of the BinaxNOW antigen test
kit provided results to the facility and LHD the same
day as testing.

Table 1. Characteristics of horse racetrack staff providing paired anterior nasal swab specimens for the BinaxNOW rapid antigen test
and real-time reverse transcription PCR for coronavirus disease, California, USA, November–December 2020*
rRT-PCR result
Characteristic
Detected
Not detected
Overall
Total
127 (100)
215 (100)
342 (100)
Sex
F
26 (20.5)
62 (28.8)
88 (25.7)
M
101 (79.5)
153 (71.2)
254 (74.3)
Median age (range), y
46 (18–82)
54 (18–92)
52 (18–92)
Age groups, y
18–44
57 (44.9)
75 (34.9)
132 (38.6)
45–64
56 (44.1)
103 (47.9)
159 (46.5)
>65
14 (11.0)
37 (17.2)
51 (14.9)
Ethnicity
Hispanic
99 (78.0)
113 (52.6)
212 (62.0)
Non-Hispanic
28 (22.0)
102 (47.4)
130 (38.0)
*Values are no. (%) except as indicated. rRT-PCR, real-time reverse transcription PCR.
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Table 2. BinaxNOW rapid antigen test compared with real-time
reverse transcription PCR for coronavirus disease among all
horse racetrack staff undergoing paired testing, California, USA,
November–December 2020*
rRT-PCR result
BinaxNOW result
Detected
Not detected
Total
Round 1, n = 333, November 25, 27, 28†
Detected
40
0
40
Not detected
58
235
293
Total
98
235
333
Round 2, n = 197, December 4
Detected
12
0
12
Not detected
10
175
185
Total
22
175
197
Round 3, n = 65, December 13
Detected
2
0
2
Not detected
3
60
63
Total
5
60
65
Round 4, n = 57, December 16
Detected
0
0
0
Not detected
0
57
57
Total
0
57
57
Round 5, n = 58, December 20
Detected
0
0
0
Not detected
1
57
58
Total
1
57
58
Round 6, n = 59, December 22
Detected
1
0
1
Not detected
0
58
58
Total
1
58
59
Overall, N = 769, November 25–December 22
Detected
55
0
55
Not detected
72
642
714
Total
127
642
769
*Inconclusive (n = 4) and invalid (n = 3) rRT-PCR test results excluded
from table. rRT-PCR, real-time reverse transcription PCR.
†All employees who had not yet tested positive were meant to return for
subsequent testing rounds. However, participant attrition occurred, likely
because of employees leaving their jobs or logistical obstacles to being
on-site for testing during mass testing days.

Of the 127 rRT-PCR–positive specimens, we attempted virus isolation and culture for all 100 specimens with Ct <30. Of those specimens, 51 resulted
in positive virus isolation. Of those culture-positive
specimens, 45 (88.2%) were BinaxNOW-positive
(Table 4; Figure 2). The mean Ct of culture-positive
specimens (17.4) was significantly lower than culturenegative specimens (25.5) (p<0.001).
Table 3. BinaxNOW rapid antigen test performance compared
with real-time reverse transcription PCR for coronavirus disease
in using 2 different cycle threshold values to define positive
results, California, USA, November–December 2020*
% (95% CI)
BinaxNOW
performance
Ct <37†
Ct <30‡
PPA
43.3 (34.6–52.4)
55.6 (45.2–65.6)
NPA
100.0 (99.4–100.0)
100.0 (99.5–100)
PPV
100.0 (93.5–100.0)
100.0 (93.5–100)
NPV
89.9 (87.5–92.0)
93.8 (91.8–95.5)

*Results for 769 paired specimens from 342 horse racetrack staff. Ct, cycle
threshold; NPA, negative percent agreement; NPV, negative predictive
value; PPA, positive percent agreement; PPV, positive predictive value;
rRT-PCR, real-time reverse transcription PCR.
†127 rRT-PCR–positive specimens.
‡100 rRT-PCR–positive specimens.
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Discussion
In the setting of a nonhealthcare workplace outbreak of COVID-19 with high attack rate (62.3%),
we found that BinaxNOW was a useful adjunct
to rRT-PCR testing. BinaxNOW showed NPA and
PPV of 100%. A total of 55 participants were concordantly identified as positive by BinaxNOW and
rRT-PCR, and no false-positive BinaxNOW results
were noted. This low false-positive rate is consistent with results from Pilarowski et al. (5) that established the updated BinaxNOW card-reading
technique used by the racetrack physician in this
outbreak. Results of BinaxNOW testing were available the same day, which enabled more rapid identification of infected workers for isolation than reliance on rRT-PCR alone.
Negative BinaxNOW results were less concordant with rRT-PCR results. The PPA of BinaxNOW
was 43.0% and the NPV was 89.9%. Real-time RTPCR confirmation of BinaxNOW negative results
identified 72 additional positive specimens. The median time between rRT-PCR specimen collection date
and results reported date for these BinaxNOW falsenegative specimens was 5 days (range 1–7 days).
Although Ct cannot be used to define viral load
or infectivity of a given person, Ct is inversely related
to the amount of target genetic material present in
the specimen (11). Therefore, the significantly lower
mean Ct for true-positive BinaxNOW specimens (17.8)
compared with false-negative BinaxNOW specimens
(28.5) indicates that more viral genetic material was
present in those specimens. BinaxNOW demonstrated
better concordance with positive viral culture results
(88.2%) than with positive rRT-PCR results (43.3%).
Positive viral culture is further evidence of the presence of infectious virus, so these findings might indicate that some BinaxNOW false-negative participants
were not infectious at the time of specimen collection
(i.e., they had low viral RNA load at the beginning or
end of their infection trajectory) (12). Numerous factors can affect the outcome of a viral culture; therefore, negative culture results do not necessarily mean
that no viable virus was present in those specimens,
nor that the participants from whom those specimens
were collected were not infectious at the time of specimen collection.
With serial BinaxNOW testing, some of the persons with discordant paired results could have tested
positive with subsequent BinaxNOW testing. Further
studies are needed to determine whether serial rapid
antigen testing alone can identify infectious persons
as efficiently as rRT-PCR alone or a combination of
rRT-PCR and rapid antigen testing (13).
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Figure 1. Concordance of
BinaxNOW rapid antigen test
results with positive
rRT-PCR results over 6 testing
rounds among staff at a horse
racetrack, California, USA,
November–December 2020.
All rRT-PCR–negative results
(n = 642) were concordant with
BinaxNOW results, so only
rRT-PCR–positive results
(n = 127) are shown. Crossbars
represent mean Ct for the
concordant and discordant pair
groups in each testing period.
The dashed line represents
Ct = 30. Ct, cycle threshold;
rRT-PCR, real-time reverse
transcription PCR.

The first limitation of our study is that, although other studies have demonstrated differential BinaxNOW test performance in symptomatic
and asymptomatic persons (3,6–8), we were unable
to examine test performance by symptom status,
because symptom reporting might not have been
reliable. At the time of specimen collection, only
11 persons reported symptoms to the facility administrative employee registering them for testing.
This number conflicts with data previously collected from the racetrack physician as part of a prospective cohort drug trial on this same population
which, out of an enrolled cohort of 113 BinaxNOWpositive staff, identified 60 (53%) persons who were
symptomatic at the time of testing (14). This discrepancy might have resulted from staff feeling less
comfortable discussing symptoms with the administrative employee versus the racetrack physician
or it could be associated with the incomplete list
of COVID-19 symptoms in the administrative employee’s question. It might also reflect a language
barrier, because the question about symptoms was
asked only in English by the administrative employee. According to onsite interactions with staff
and reports from racetrack leadership, many staff
were native Spanish speakers, although this language difference was not quantified.

Second, the BinaxNOW tests may have been performed in ambient temperatures below the manufacturer’s recommended range. The BinaxNOW test kit
instructions recommend that all test components be at
room temperature (15°C–30°C) before use; the mean
daily minimum and maximum air temperature recordings from a nearby National Oceanic and Atmospheric Administration weather station in Richmond,
CA, on testing days were 7.9°C and 15.1°C (15). Performing BinaxNOW tests in the recommended temperature range might have improved performance.
Third, some missing data limit this analysis from
encompassing the entire outbreak. The first mass testing dates (round 0) only used rRT-PCR testing, so no
comparison with BinaxNOW was possible. Furthermore, each round of testing was intended to capture
all staff who had not yet tested positive; however,
participant attrition occurred between testing rounds.
Table 4. BinaxNOW rapid antigen test performance compared
with viral culture among 100 real-time reverse transcription PCR–
positive specimens with cycle threshold <30 from horse racetrack
staff, California, USA, November–December 2020
Viral culture results
BinaxNOW results
Positive
Negative
Total
Detected
45
10
55
Not detected
6
39
45
Total
51
49
100
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incidence in the relevant population, as well as individual exposure history and symptoms, should be
used to determine whether to quarantine persons
who test negative for SARS-CoV-2 by BinaxNOW but
are awaiting results of rRT-PCR testing (16).
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Figure 2. BinaxNOW rapid antigen test results and viral culture
results among 100 real-time reverse transcription PCR–positive
specimens with cycle threshold <30 among staff at a horse
racetrack, California, USA, November–December 2020. Of 51
viral culture–positive specimens, 45 were detected by BinaxNOW
(88.2% concordance).

We attribute this attrition to the logistical obstacles of
staff getting to the testing site or to staff leaving their
jobs during the outbreak. More complete paired-testing data could have provided better insight as to the
usefulness of rapid antigen testing when used for the
entire duration of an outbreak.
Our results support considering BinaxNOWpositive employees as infectious without waiting for
rRT-PCR confirmation. The rapid turnaround time
and high PPV of BinaxNOW enabled some SARSCoV-2–positive employees to be identified and isolated faster than if rRT-PCR had been used alone. In
outbreak situations in which access to laboratory rRTPCR services is limited, it might be reasonable to act
on BinaxNOW-positive results and forgo rRT-PCR
confirmation. In contrast, our findings suggest that
BinaxNOW negative results in an outbreak investigation should be confirmed with rRT-PCR, because
false negatives do occur.
Our results indicate that BinaxNOW performs
better at identifying rRT-PCR–positive specimens
with lower Ct (suggestive of higher viral loads) and
positive viral cultures, although these factors are not
precise proxies for infectiousness. Real-time RT-PCR
remains a more sensitive test for identifying persons
that might be infectious, and our results support the
current recommendation that rRT-PCR (or another
nucleic acid amplification test) should be used in outbreak situations to confirm BinaxNOW-negative results (2). Clinical discretion informed by COVID-19
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etymologia revisited
Neospora caninum [ne-os′ pə-rə ca-nin′ um]

From the neo- (Latin, “new”) + spora (Greek, “seed”)
and canis (Latin, “dog”), Neospora caninum is a sporozoan parasite that was ﬁrst described in 1984. It is a major
pathogen of cattle and dogs but can also infect horses,
goats, sheep, and deer. Antibodies to N. caninum have
been found in humans, predominantly in those with HIV
infection, although the role of this parasite in causing or
exacerbating illness is unclear.
Sources:
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