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Abstract

Background: Admission laboratory screening for asymptomatic coronavirus disease 2019 (COVID-19) has been utilized to mitigate health-
care-associated severe acute respiratory coronavirus virus 2 (SARS-CoV-2) transmission. An understanding of the impact of such testing
across a variety of patient populations is needed.

Methods: SARS-CoV-2 nucleic acid amplification admission testing results for all asymptomatic patients across 4 distinct inpatient facilities
between April 20, 2020, and June 14, 2021, were analyzed. Positivity rates and the number needed to test (NNT) to identify 1 asymptomatic
infected patient were calculated. Admission results were compared to COVID-19 community incidence rates for the system’s surrounding
metropolitan service area. Using a national survey of hospital epidemiologists, a clinically meaningful NNT of 1:100 was identified.

Results: In total, 51,187 tests were collected (positivity rate, 1.8%). During periods of high transmission, the NNT met the clinically relevant
threshold in all populations. The NNT approached or met the threshold for most locations during periods of lower transmission. For all
transmission levels, the NNT for fully vaccinated patients did not meet the threshold.

Conclusions: Implementing an asymptomatic patient admission testing program can provide clinically relevant data based on the NNT, even
during periods of lower transmission and among different patient populations. Limiting admission testing to non–fully vaccinated patients
during periods of lower transmission may be a strategy to address resource concerns around this practice. Although the impact of such testing
on healthcare-associated COVID-19 among patients and healthcare workers could not be clearly determined, these data provide important
information as facilities weigh the costs and benefits of such testing.

(Received 26 August 2022; accepted 11 November 2022; electronically published 19 December 2022)

Persons with asymptomatic coronavirus disease 2019 (COVID-19)
can transmit severe acute respiratory coronavirus virus 2
(SARS-CoV-2), including within healthcare systems. Early in the
COVID-19 pandemic, the concern for asymptomatic SARS-
CoV-2 transmission led to the practice of universal (symptomatic
and asymptomatic) laboratory test-based screening programs for
patients upon hospital admission. The main objective of this strat-
egy is to prevent nosocomial spread of SARS-CoV-2 from asymp-
tomatic patients through early identification and subsequent swift
initiation of appropriate isolation precautions and other infection
prevention measures. This intervention, however, may cause
unnecessary delays in care and can strain available resources.1,2

Whether the costs and logistic challenges surrounding admission
screening for asymptomatic COVID-19 are outweighed by the

benefits of such testing is unclear, particularly with the use of other
hierarchies of control to prevent the spread of SARS-CoV-2, such
as the universal use of face masks, visitor restrictions, environmen-
tal cleaning, and vaccination.3

Prior studies examining the impact of universal laboratory
admission screening for SARS-CoV-2 infection are limited
(1) by short study periods (ie, weeks to a fewmonths) that occurred
early in the COVID-19 pandemic, (2) by study in single hospital
settings, and (3) by assessment during periods of low COVID-19
community incidence.4–10 As COVID-19 activity continues to wax
and wane, it is important to evaluate the experience of admission
screening programs. Defining any differences in program impact
among various patient populations or during periods of differing
community infection incidence can assist in decisions around the
use of testing, laboratory, and personnel resources for future waves
of COVID-19.

In the current study, we examined the trends and impact
of a hospital admission testing program for asymptomatic
SARS-CoV-2 infections across a large healthcare system that
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includes a tertiary-care adult hospital, a pediatric hospital, a psy-
chiatric hospital, and a community-based hospital. Using expert
opinion to determine a clinically meaningful number needed to
test (NNT, ie, the number of asymptomatic patients tested
necessary to identify 1 asymptomatic COVID-19 patient), the
study defined a threshold of benefit for universal admission screen-
ing across a variety of patient populations and community
COVID-19 incidence rates.

Methods

Setting and study period

This study was conducted at Vanderbilt University Medical Center
(VUMC), a large academic healthcare system in central Tennessee.
VUMC includes 4 distinct hospitals that serve different patient
populations: a tertiary-care adult hospital, a free-standing pediatric
hospital, a community-based hospital, and a behavioral health hos-
pital. Beginning in April 2020, every patient admitted to VUMC
inpatient facilities underwent SARS-CoV-2 nucleic acid amplifica-
tion testing (NAAT) upon admission as part of an operational
screening program. This screening continued once COVID-19
vaccines became widely available. Admissions testing was sus-
pended in June 2021 for nonimmunocompromised asymptomatic
patients who had been fully vaccinated with a COVID-19 vaccine.
We conducted a retrospective descriptive analysis of this asympto-
matic testing program among the patients admitted to any of the
4 VUMC inpatient facilities between April 20, 2020, and June 14,
2021, when the suspension of testing for fully vaccinated patients
commenced. For a subgroup analysis by patient vaccination status,
a truncated study period reflecting the time when COVID-19 vac-
cination was available (allowing for sufficient patient uptake) was
used (February 1, 2021, through June 14, 2021). During this study
period, the SARS-CoV-2 α (alpha) variant was the predominant
circulating variant.

Testing program details

Patients admitted to any 1 of the 4 VUMC inpatient hospitals
received a SARS-CoV-2 NAAT via nasopharyngeal or bilateral
nares swab. Patients presenting with any symptoms concerning
for SARS-CoV-2 infection and those who had had confirmed
COVID-19 in the 90 days prior to admission were not included
in the asymptomatic admission screening program. Patients with
a SARS-CoV-2 NAAT collected within 72 hours prior to admis-
sion, patients tested at an outside facility prior to hospital transfer,
and inborn infants admitted to the neonatal ICU or newborn nurs-
ery with maternal SARS-CoV-2 NAAT results were excluded from
this analysis.

Community COVID-19 incidence rates

Weekly community incidence rates of COVID-19 (per 100,000
persons) were calculated using US 2019 Census and Tennessee
Department of Health COVID-19 case data for the 8 surrounding
counties within the Metropolitan Service Area for VUMC:
Davidson, Williamson, Cheatham, Robertson, Sumner, Wilson,
Rutherford, and Montgomery counties. For a subgroup analysis
examining the program in the pediatric hospitalized population,
the Tennessee Department of Health 2019 Census data for persons
aged 0–18 years were utilized. For a subgroup analysis examining
the program at the community-based hospital, the US 2019 Census
data for the county where the hospital is located (Wilson County)
were utilized to calculate the weekly community COVID-19

incidence rates. Weekly COVID-19 incidence rates were classified
and grouped by the Centers for Disease Control and Prevention
(CDC) level of community transmission11 (ie, low, moderate, sub-
stantial, and high) based on the initial case rate definition in use
when the study began.

Statistical analysis

To assess the potential clinical utility of admission SARS-CoV-2
testing, an established listserv comprised of 144 national experts
in infection prevention and healthcare epidemiology was surveyed
to ascertain a clinically meaningful NNT to identify a single
asymptomatic infected patient (Supplemental Material online).
For each week during the study, the test positivity rate and
NNT were calculated for the overall study period, by each hospital
type, by patient vaccination status (as ascertained through elec-
tronic health record linkages with the state immunization registry),
and by CDC-defined levels of community transmission. The cal-
culated NNTs were compared to the clinically meaningful NNT.
Patients were classified as fully vaccinated if they had received
2 doses of an mRNA COVID-19 vaccine or 1 dose of an adenoviral
vector vaccine 14 or more days prior to admission. Finally, to pro-
vide some financial context to the program analysis, operational
laboratory data, which included testing supplies, reagents, and lab-
oratory personnel costs, were used to determine the cost of testing
(ie, $50 per test). The immediate form of 2-sample test of propor-
tions was utilized to compare positivity rates. The analysis was per-
formed using Stata version 17 software (StataCorp, College Station,
TX). NNT values were compared using confidence interval (CI)
analysis.

Results

Determination of a clinically meaningful NNT

In total, 46 (32%) of 144 hospital epidemiologists responded to the
survey question. The most commonly selected threshold NNT was
the identification of 1 positive patient per 100 patients tested
(selected by 26% of respondents) (Table 1). In addition, 54% of
the survey respondents selected a NNT 100 or lower, suggesting
comfort with the comparatively more conservative threshold
choice of 100 NNT to delineate clinical meaningfulness. A calcu-
lated NNT that does not meet the survey NNT (ie, is a higher
number) suggests a transmission period in which asymptomatic
testing may be of limited utility, whereas a calculated NNT that
meets or is below the 100 NNT indicates a transmission period
in which asymptomatic testing would have been clinically mean-
ingful according to the survey group. A few respondents noted in
optional free-text comments that some factors, such as the local
proportion of semiprivate inpatient rooms and underlying patient
comorbidities, would affect their selection of a clinically meaning-
ful NNT, with some noting that a more conservative NNT
(ie, >100) would be useful.

Admission testing epidemiology

In total, 51,187 admission tests were collected during the study
period. For the examination of the program by community trans-
mission rates, no periods of low transmission were observed during
the study period. Moreover, 40 weeks or two-thirds of the study
were periods of high transmission; 13 weeks were periods of sub-
stantial substantial transmission; and 7 weeks were periods of
moderate transmission. For the entire study period and study
population, the asymptomatic admission positivity rate was
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1.8% (Table 2). Asymptomatic admission positivity rates were
significantly different during periods of high transmission com-
pared to other transmission periods (2.3%; P < .05) (Table 2
and Supplementary Table 1 online). Positivity rates were the high-
est among community hospital patients (2.6%) and the lowest
among behavioral health patients (0.9%). Within each hospital
setting, positivity rates during high transmission levels were sig-
nificantly higher than during other transmission levels
(Supplementary Table 2 online).

NNT analysis

Differences in NNT by transmission level
Taking all hospitals collectively, the NNT significantly met the
clinically meaningful NNT threshold and was significantly differ-
ent during high transmission periods compared to other transmis-
sion periods (NNT, 44; 95% CI, 41–47) (Fig. 1A, Table 2). For the
moderate and substantial transmission levels, the point estimate of
the NNT did meet the clinically meaningful threshold, but these
values were not statistically significant by CI analysis. When exam-
ined by the individual patient populations and by the community
transmission levels (Fig. 2), the NNT point estimates during high
community levels met the clinically meaningful threshold (with
only the behavioral health population not meeting statistical sig-
nificance). During periods of other transmission levels, the NNT
did not meet statistical significance even though many point esti-
mates fell near or met the NNT threshold of 100.

Differences in NNT by hospital populations
TheNNT point estimates for the entire study period for all hospital
sites combined (NNT, 54; 95% CI, 51–58) significantly met the
clinically meaningful NNT threshold (Table 2), as did the full study
period individual NNT for the tertiary-care adult hospital, the
pediatric hospital, and the community hospital populations
(Fig. 1B). The subgroup analyses examining pediatric admissions
testing using pediatric rates of community COVID-19 incidence
and community hospital admissions testing using community-spe-
cific COVID-19 rates for that hospital’s specific county data did
not result in any significant changes to the findings from the overall
analyses above (Supplementary Tables 5 and 6 online).

Impact of patient vaccination on admission testing utility

For all transmission periods, fully vaccinated patients had a signifi-
cantly lower positivity rate (0.7%) compared to those who were
not fully vaccinated (1.9%; P < .05) (Table 3 and Supplementary
Table 3 online). Positivity rates were higher in non-fully vaccinated
patients for all levels of transmission, but this difference was not
significant for the substantial transmission period (Table 3).
During the overall study period as well as by specific COVID-19
transmission levels, all NNT point values for non-fully vaccinated
patients significantly met the clinically meaningful threshold
(Fig. 3). This contrasts with the fully vaccinated patient NNTs that
did not meet the clinically meaningful threshold and were much
higher than the non-fully vaccination population point estimates.
The NNT values between the vaccinated and non-fully vaccinated
were significantly different during times of high transmission as
well as all transmission periods collectively.

Assessment of laboratory costs of admission testing

Using the NNT and cost per test ($50), the laboratory cost to detect
1 positive patient over the study period was highest at the behav-
ioral health hospital ($5,450) and lowest at the community hospital
($1,900). The laboratory cost to detect 1 positive patient was the
lowest during periods of high transmission across all patient
populations compared to moderate and substantial transmission
periods (Table 2).

Discussion

The use of a laboratory screening program to identify asympto-
matic COVID-19 upon admission was frequently implemented
during the pandemic to reduce the risk of healthcare-associated
spread of the SARS-CoV-2. Published experiences on the use of
such programs are limited. This study, through the analysis of a
large asymptomatic SARS-CoV-2 NAAT hospital admission test-
ing program, provides insight on the use of the program across 4
distinct patient populations and during varying levels of commu-
nity transmission for a prolonged period of implementation.
Among the study population, there was a potential benefit for
asymptomatic admission testing across each of the 4 different hos-
pital settings even as the community COVID-19 rates decreased.
The greatest yield to admission testing occurred in periods with
the highest community transmission levels as well as among
patients who were not fully vaccinated. Notably, although the
behavioral health hospital setting had a NNT that met our clini-
cally meaningful threshold during high transmission, it was the
only setting during this transmission period to not meet statistical
significance. The lower denominator of admission tests obtained at
this hospital setting, likely due to the relative lower patient census
in comparison to other settings, could have contributed to its rel-
atively wider NNT confidence intervals. Overall, such findingsmay
provide important insight for healthcare facilities as they assess
testing and associated resources.

Published analyses of other institutional experiences with
admission testing for asymptomatic SARS-CoV-2 infection are
limited. Many of these earlier studies were conducted during the
initial months of the COVID-19 pandemic, often during periods
of low COVID-19 incidence,12 and usually captured a short period
of time.13 Similar to the current study, prior studies also noted a
relationship between the asymptomatic screening results and com-
munity COVID-19 rates.14 Although these studies looked at the
overall study period case incidence,5,6 the current study was able

Table 1. Hospital Epidemiologist Survey Results to Define a Clinically
Meaningful Number Needed to Test

NNT Options
Respondents Selecting NNT Option as
Clinically Meaningful Metric, No. (%)

1 positive detected for
every 10 patients tested

5 (11)

1 positive detected for
every 50 patients tested

8 (17)

1 positive detected for
every 100 patients tested

12 (26)

1 positive detected for
every 200 patients tested

8 (17)

1 positive detected for
every 300 patients tested

4 (9)

1 positive detected for
every 400 patients tested

3 (7)

1 positive detected for
every 500 patients tested

6 (13)

Total 46 (100)
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to provide amore granular analysis on a weekly basis.15 Other stud-
ies looking at universal admission testing may be limited in how
they are screening patients, as if symptomatic patients are defined
as just having fever, cough, or shortness of breath, patients could
potentially have been mislabeled as asymptomatic if they had mild
or atypical COVID-19 symptoms not fitting these strict descrip-
tors. This approach could have swayed results toward a seemingly
larger number of asymptomatic cases.16 In our study, even though
symptom determination was based solely on provider input,

providers ordering admission COVID-19 tests had been educated
to label and categorize patients with any potential COVID symp-
toms as symptomatic. However, even with adequate education, the
use of provider determination of symptom determination is
imperfect.

The number needed to test to identify 1 asymptomatic case
helps to describe trends of collective findings of an admissions
screening program. The current analysis does not definitively
answer the question of utility of asymptomatic admission

Table 2. Admission Testing for SARS-CoV-2 Infection in Hospitalized Patients, Overall and by Specific Patient Population Tested

Variable
All Transmission Levels

(n=60 weeks)
Moderate Transmission Levels

(n=7 weeks)
Substantial Transmission Levels

(n=13 weeks)
High Transmission Levels

(n=40 weeks)

All hospitals combined

Total tests collected,
no.

51,187 5,173 10,978 35,036

Positive tests, no. (%) 946 (1.8) 52 (1.0) 99 (0.9) 795 (2.3)

NNT (95% CI) 54 (51–58) 99 (76–133) 111 (91–136) 44 (41–47)

Total test costs $2,559,350 $258,650 $548,900 $1,751,800

Cost to detect 1
positive patient

$2,700 $4,950 $5,550 $2,200

Tertiary-care adult hospital

Total tests collected,
no.

35,962 3,740 7,888 24,334

Positive tests, no. (%) 684 (1.9) 36 (1.0) 79 (1.0) 569 (2.3)

NNT (95% CI) 53 (49–57) 104 (75–148) 100 (80–126) 43 (39–46)

Total test costs $1,798,100 $187,000 $394,400 $1,216,700

Cost to detect 1
positive patient

$2,650 $5,200 $5,000 $2,150

Pediatric hospital

Total tests collected,
no.

7,892 692 1,654 5,546

Positive tests, no. (%) 113 (1.4) 9 (1.3) 10 (0.6) 94 (1.7)

NNT (95% CI) 70 (58–85) 77 (41–169) 165 (90–344) 59 (48–73)

Total test costs $394,600 $34,600 $82,700 $277,300

Cost to detect 1
positive patient

$3,500 $3,850 $8,250 $2,950

Behavior health hospital

Total tests collected,
no.

2,505 239 466 1,800

Positive tests, no. (%) 23 (0.9) 2 (0.8) 0 21 (1.2)

NNT (95% CI) 109 (73–172) 120 (33–996) N/A 86 (56–138)

Total test costs $125,250 $11,950 $23,300 $90,000

Cost to detect 1
positive patient

$5,450 $6,000 N/A $4,300

Community hospital

Total tests collected,
no.

4,828 502 970 3,356

Positive tests, no. (%) 126 (2.6) 5 (1.0) 10 (1.0) 111 (3.3)

NNT (95% CI) 38 (32–46) 100 (43–314) 97 (53–202) 30 (25–37)

Total test costs $241,400 $25,100 $48,500 $167,800

Cost to detect 1
positive patient

$1,900 $5,000 $4,850 $1,500

Note. NNT, number needed to test to identify 1 positive patient; CI, confidence interval. No periods of low transmission were observed during the study period.
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laboratory screening regarding the number needed to prevent a
case of nosocomial transmission, but these findings can be used
to guide discussions at other institutions regarding such a program.
Asymptomatic testing can slow down operations of patient care,
can delay pertinent imaging or procedures, can increase length
of stay, and can contribute to inappropriate use of isolation or
PPE. Implementing an asymptomatic patient admission testing
program can provide clinically relevant value, even during lower
periods of transmission and in different patient populations.
Limiting admission testing to non-fully vaccinated patients during
periods of lower transmission may be a strategy to address cost and
resource concerns around this practice. Although these findings

can be used as a reference for how asymptomatic testing may apply
to other hospital systems, some unique infection prevention con-
siderations may also impact these decisions. For example, hospitals
with a higher proportion of semiprivate rooms or congregate set-
tings (eg, in behavioral health facilities) may have a more
conservative threshold to relax admission screening programs,
given the challenges of compliance with other infection prevention
practices such as patient masking.17,18 Individual patient immune
status or admission to a unit typically houses other severely
immune compromised patients may also consider a more
conservative threshold as well, given the more detrimental ramifi-
cations of missing an asymptomatic case.

Fig. 1. Number needed to test (NNT) with 95% confidence intervals (A) by CDC-defined community transmission level and (B) by hospital population (A) NNT of all hospitals
combined by community transmission level. (B) NNT of all transmission levels combined by hospital population. A square data point indicates a calculated NNT point value from
admissions data. Horizontal line indicates survey values NNT = 100. NNT values above the horizontal line (NNT=100) indicate the uncertain utility of asymptomatic admission
testing. NNT values that met or are below the horizontal line (NNT=100) indicate a likely benefit for asymptomatic admission testing. No periods of low transmission were
observed during the study.

Fig. 2. Number needed to test (NNT) with 95%
confidence intervals by CDC-defined community
transmission levels and by hospital population.
A square data point indicates a calculated NNT
point value from admissions data. A horizontal
line indicates survey values NNT = 100. NNT val-
ues above the horizontal line (NNT= 100) indi-
cate uncertain utility of asymptomatic
admission testing. NNT values that met or are
below the horizontal line (NNT= 100) indicate
a likely benefit for asymptomatic admission test-
ing. No periods of low transmission were
observed during the study.
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Although these findings provide important insight on the
impact of an admission screening program, this analysis has some
limitations. The utility of testing during periods of low community
transmission could not be assessed because no periods of low
transmission occurred during the study. In addition, the study
period occurred prior to the emergence of the SARS-CoV-2 δ
(delta) and (omicron) variants, which have had their own distinct
effects on transmissibility and vaccination protection. Importantly,
however, even though vaccinated individuals have lower likelihood
of acquiring infection, the immune evasive nature of some of the
SARS-CoV-2 variants, such as the δ (delta) variant, may still con-
tribute to comparable transmission risk in vaccinated compared to

unvaccinated individuals.19 Patients with screening testing per-
formed outside of VUMCwere not included, but these were antici-
pated to be a small proportion of the total number of admitted
patients. To identify a clinically meaningful anchor for examining
admission testing, a cohort of infection prevention experts was uti-
lized; however, this group was small and may not be fully represen-
tative of other perspectives. Also, we used a conservative estimate
of the cost of resources with regard to asymptomatic testing. The
estimated cost per test did not fully reflect factors related to testing,
such as impacts upon personnel time, and logistic impacts around
an increased number of specimens (eg, improperly collected spec-
imens and resultant personnel time devoted to address these

Table 3. Admission Testing for SARS-CoV-2 Infection in Hospitalized Patients, by Patient Vaccination Status

Variable
All Transmission Levels

(n=19 weeks)
Moderate Transmission Levels

(n=4 weeks)
Substantial Transmission Levels

(n=3 weeks)
High Transmission Levels

(n=12 weeks)

Fully vaccinated

Total tests collected,
no.

2,387 958 587 842

Positive tests, no. (%) 17 (0.7%) 5 (0.5%) 4 (0.7%) 8 (1.0%)

NNT (95% CI) 140 (88–241) 192 (82–588) 147 (58–539) 105 (54–243)

Total test costs $119,350 $47,900 $29,350 $42,100

Cost to detect 1
positive patient

$7,000 $9,600 $7,350 $5,250

Not fully vaccinated

Total tests collected,
no.

16,628 3,220 2,663 10,745

Positive tests, no. (%) 315 (1.9%) 45 (1.4%) 39 (1.5%) 231 (2.1%)

NNT (95% CI) 53 (59–47) 72 (54–98) 68 (50–96) 47 (41–53)

Total test costs $831,400 $161,000 $133,150 $537,250

Cost to detect 1
positive patient

$2,650 $3,600 $3,400 $2,350

Note. NNT, number needed to test to identify 1 positive patient. No periods of low transmission were observed during the study period. Data from study period following vaccine availability and
subsequent time to develop immunity (February 1, 2021, through June 14, 2021). Fully vaccinated = receipt of 2 doses of mRNA COVID-19 vaccine or 1 dose of adenoviral vector vaccine.

Fig. 3. Number needed to test with 95% confi-
dence intervals by patient vaccination status.
A square data point indicates a calculated NNT
point value from admissions data. Horizontal
line indicates survey values NNT = 100. NNT val-
ues above the horizontal line (NNT= 100) indi-
cate uncertain utility of asymptomatic
admission testing. NNT values that met or are
below the horizontal line (NNT= 100) indicate
a likely benefit for asymptomatic admission test-
ing. No periods of low transmission were
observed during the study.
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issues). The impact and costs of widespread universal testing, espe-
cially during community surges of COVID-19, can acutely strain
the existing laboratory workforce, particularly when compounded
by staffing shortages noted with personnel exposures and infec-
tions. The laboratory used in this study did not have the capacity
to run cycle thresholds on each asymptomatic positive test.
Notably, however, several other studies have reported that most
asymptomatic COVID-19 cases were noninfectious.12,20,21

Finally, in this analysis, we could not definitively determine
whether asymptomatic testing led to a reduction in nosocomial
transmission, given the numerous factors that may influence such
spread (eg, community adherence to mitigation measures by
healthcare personnel). The NNT cannot be compared to the num-
ber needed to prevent 1 transmission because this number is
unknown and not possible to calculate based on current data.
No evidence has demonstrated that the added value of asympto-
matic testing is superior to other infection prevention controls.
The detection of a case in the setting of other infection prevention
controls does not definitively mean that detection alone would
have prevented transmission.

Even with these limitations, the current analysis provides fur-
ther insight into SARS-CoV-2 admission screening programs. As
the pandemic progresses and COVID-19 incidence becomes sim-
ilar to that of other respiratory viruses, and COVID-19 vaccination
coverage increases, healthcare systems will need to assess the need
for these screening programs and their triggers. The concept of
NNT, which has been used to help analyze asymptomatic testing
in other settings,22 as well as patient vaccination status,23,24 may be
helpful indicators for these assessments. More studies such as this
are needed to support and inform future infection preventionmea-
sures especially with the emergence of SARS-CoV-2 variants.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2022.301
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