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ABSTRACT

Background: The COVID-19 pandemic affected universities and institutions and caused campus shutdowns
with a transition to online teaching models. To detect infections that might spread on campus, we pursued
research towards detecting SARS-CoV-2 in air samples inside student dorms.

Methods: We sampled air in 2 large dormitories for 3.5 months and a separate isolation suite containing a
student who had tested positive for COVID-19. We developed novel techniques employing 4 methods to col-
lect air samples: Filter Cassettes, Button Sampler, BioSampler, and AerosolSense sampler combined with
direct qRT-PCR SARS-CoV-2 analysis.

Results: For the 2 large dorms with the normal student population, we detected SARS-CoV-2 in 11 samples.
When compared with student nasal swab qRT-PCR testing, we detected SARS-CoV-2 in air samples when a
PCR positive COVID-19 student was living on the same floor of the sampling location with a detection rate of
75%. For the isolation dorm, we had a 100% SARS-CoV-2 detection rate with AerosolSense sampler.
Conclusions: Our data suggest air sampling may be an important SARS-CoV-2 surveillance technique, espe-
cially for buildings with congregant living settings (dorms, correctional facilities, barracks). Future building
designs and public health policies should consider implementation of Heating, Ventilation, and Air Condi-
tioning surveillance.

© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.

BACKGROUND

The COVID-19 pandemic caused institutions and universities
worldwide to shut down and move to online models during
Spring." ? However, online models established due to emerging
circumstances are different from traditional online teaching mod-
els and in-person interactions.”> Pandemic distance work and
online teaching presented educational challenges and effects on
mental health due to isolation and lack of social interaction." * °
Businesses and college campuses put mitigation methods into
practice, including wearing masks, social distancing, isolation and
contact tracing, and hand and surface sanitizing.®® In addition,
various surveillance methods were developed, including quantita-
tive detection of SARS-CoV-2 in wastewater from student dorms.’
For example, the University of Arizona'® implemented a surveil-
lance program that successfully contained campus outbreaks
using wastewater sampling and nasopharyngeal swab sample
testing. In order to keep the campus open and detect any virus
before widespread transmission could occur, we investigated
SARS-CoV-2 detection in air samples from the Heating, Ventila-
tion, and Air Conditioning (HVAC) systems inside student dorms,
since the virus is known to spread in the air. !

SARS-CoV-2 airborne detection inside buildings is a challenge,
and researchers are actively pursuing different air sampling meth-
ods.'? Air samples may be collected using several filters and devices,
and the virus can be detected by reverse transcriptase quantitative
polymerase chain reaction (qQRT-PCR). Borges, et al.'® reviewed some
SARS-CoV-2 air sampling methods in indoor settings and
highlighted the efficacy of each method based on positive detected
samples. Chia, et al.,'* Kenarkoohi, et al.,'> and Zhu, et al.'® per-
formed air sampling in COVID-19 infection isolation rooms with
solid and liquid collections. These studies used primers to detect dif-
ferent gene sequences using different amplification kits and showed
that detecting COVID-19 in air samples in clinical settings may pro-
vide random and unreliable results. Further research should be con-
ducted in this area. In addition, there are no reports of sampling air
directly from the HVAC system to perform surveillance for COVID
inside a large building.

We report here the successful detection of SARS-CoV-2 in stu-
dent dorm HVAC air samples by qRT-PCR. The study was con-
ducted in 2 parts (1) a 3.5-month period that represented air
sampling inside HVAC of 2 dorms without specific knowledge of
a COVID-19 case; and (2) air sampling from HVAC associated
with a suite containing one student who tested positive for
COVID-19 by nasal swab RT-PCR.

MATERIAL AND METHODS
Site description and study period

Two student dorms were selected for the current study, designated
here as Dorm1 and Dorm2. The HVAC floor plan for Dorm1, where sam-
pling was performed, is shown in Figure S1 in the Supplemental Mate-
rial, where Dorm?2 has a similar layout. The buildings have 5 floors and
contain 225 rooms each, including student units, offices, common bath-
rooms, professional staff apartments, and storage units. In addition,
Dorm1 and Dorm2 are connected on the second floor with an indoor
hallway bridge. These 2 buildings were chosen for monitoring where the
return air inside the HVAC system for all the rooms is connected at one
location inside locked mechanical rooms. We chose sampling locations
in the mechanical room before the air passes through multiple filters
and outside makeup air is added. Sampling inside Dorm1 and Dorm2
was conducted during the Spring semester from January 19 to April 29,
2021, except for the week between March 1 and March 5, because we
had a COVID case in the lab and were required to quarantine.

By early March, there were few COVID-19 cases in the surrounding
county (see Supplemental Material Figure S2), and on campus, so we
selected the isolation dorm to collect additional air samples. The dorm
contained suites, and each suite contains a common room, a kitchen,
and 2 bedrooms. The HVAC system for each suite was located adjacent
to the suite inside a locked mechanical room. The HVAC floor plan for
the IsolationDorm, where sampling was performed, is shown in Figure
S3 in the Supplemental Material. Therefore, we used different sam-
pling methods for one suite, while a COVID-19 RT-PCR positive stu-
dent occupied one of the rooms inside the suite. Sampling inside the
IsolationDorm was conducted for 2 weeks, from April 19 to April 29.

Air sampling methods

Four bioaerosol sampling methods were used for this study, 3 SKC
samplers, and one ThermoFisher Scientific sampler. The specifica-
tions for the 4 methods are shown in Table 1. Methods 1-3 were used

Table 1
Air sampling methods
Sampling Name Company Part Collection
method number media
1 Filter Cassettes SKC 225-1723 37-mm Filters
2 Button Sampler SKC 225-360 25-mm Filters
3 BioSampler SKC 225-9595 PBS Solution
4 AerosolSense ThermoFisher NA Sample Cartridge

sampler Scientific
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Table 2
Different collection media and sampling times
Collection media Filter size (mm)/ Pore size (um)/ Sampling
Solution PBS concentration time
Filter 37 5 24-h
Filter 37 0.3 24-h
Filter 25 5 24-h
Filter 25 3 24-h
Filter 25 1.2 24-h
Filter 25 (Gelatin) 3 30-min
Solution NA 0.5 x 30-min
Solution NA 0.25x 30-min
Solution NA 0.25 x 90-min
Solution NA 0.15x 90-min
Solution NA 0.15x 30-min
Sample Cartridge NA NA 24-h

at Dorm1, Dorm2, and the IsolationDorm. In late April, we began
using an additional collection device, Method 4, which was only used
at the IsolationDorm. Methods 1-3 collected air samples from the
HVAC system using isokinetic sampling probes inserted inside the
duct, and Method 4 used a 3” tube to sample directly from the HVAC
system. Different filter types and PBS solutions (dilutions of normal
physiologic saline solution, which is defined as 1x) were tested for
Method 3, as shown in Table 2. Sampling was performed on Monday,
Tuesday, and Thursday of each week, beginning at 8 am, and samples
were retrieved after 30-minutes, 90-minutes, or 24-hours, depending
on the method and filter used. Weekly samples were placed inside
test tubes, stored at -20°C, and analyzed by qRT-PCR within 10 days.

Filter cassettes

For Method 1, 37-mm filters (SKC Inc., Eighty Four, PA, USA) were
loaded inside a cassette and on top of a support pad, inserted into a
cassette holder. An AIRCHEK TOUCH PUMP (SKC Inc.), operating at 5
LPM, was attached to the cassette outlet. The inlet of the cassette was
attached to the HVAC system. Method 1 was stopped on April 15 for
Dorm1 and Dorm2.

For Methods 1-3, the pump was calibrated before sampling, and
the flow was checked after sampling for deviation.

Button sampler

For Method 2, 25-mm filters (SKC Inc.) were loaded inside the But-
ton sampler. An AIRCHEK TOUCH PUMP, operating at 4 LPM, was
attached to the outlet of the button. The calibration adaptor of the
Button sampler was attached to the inlet of the button, and the inlet
of the calibration adaptor was attached to the HVAC system.

BioSampler

For Method 3, the BioSampler (SKC Inc.) is a liquid impingement
collection method, where buffer solution was filled inside the collec-
tion vessel. First, the impinger was attached on top of the collection
vessel, followed by an inlet section which was attached to the HVAC
system. Next, a BioLite+ pump (SKC Inc.), operating at 12.5 LPM, was
attached to the outlet of the impinger. We wanted to collect the virus
into a solution that would preserve its integrity before RT-PCR analy-
sis. Therefore, we hypothesized that a physiologic phosphate buff-
ered saline solution (eg, 1x PBS) would preserve virus integrity.
However, significant water evaporation occurs during the sample col-
lection time, thus reducing the volume approximately 5-6 times
depending on ambient humidity, so we decided to employ dilutions
down to a 0.15 x PBS solution in the impinger (Table 2).

AerosolSense sampler

Method 4 was the AerosolSense sampler (Thermo Fisher Scien-
tific, Waltham, MA, USA), a standalone device with a built-in pump
that operates at 200 LPM and a proprietary Sample Cartridge. The
AerosolSense sampler did not require flow calibration and was less
time-consuming to operate compared to Methods 1-3. The Aerosol-
Sense sampler flow rate was at least 50 times higher than Methods 1
and 2 within the same collection time (24-hours). The AerosolSense
sampler is a new device released in Spring 2021, therefore, the sam-
pling duration was only performed in April.

Experimental setup

The collection media for Methods 1-4 are listed in Table S1 in the
Supplemental Material. For Dorm1 and Dorm2, we used one device
for Methods 1-3, with different collection media and sampling times.
We performed measurements from the return air of the HVAC system
in Dorm1 and Dorm2, as shown in Figure S4 in the Supplemental
Material.

SARS COV-2 detection in air samples by qRT-PCR

The qRT-PCR analysis was carried out using Go Script RT Mix for
1-Step RT-qPCR and Go Taq Probe qPCR Master Mix with dUTP and
standard techniques. At least 2 positive and negative controls were
run each week with samples. Positive control purified SARS-CoV-2
RNA was obtained from BEI Resources ATCC (5.5x10"7 genome
Equiv/mL). We were able to detect SARS-CoV-2 RNA down to 3
genome equivalent copies. A dilution series was run, resulting in
increasing Cycle quantification values as expected. Primers used
were SARS-CoV-2 Nucleocapsid 1, 2, and RNase P for human cell
detection from Integrated DNA Technologies (cat# 10006770). The
reactions were run on the Quant Studio 3 Applied Biosystems instru-
ment. The viral genomes were not sequenced, because the purpose of
the study was to determine SARS-CoV-2 detection in air, not to link it
to a particular individual.

We drew upon the background of previously developed protocols
for detecting virus genomes from various preparations and sam-
ples,'”2! and we have successfully amplified viral genomes without
purification of the nucleic acids. Given the expected paucity of virus
in the sample, we opted to attempt viral detection without any
nucleic acid purification step to maximize efficiency and sensitivity
for sample detection.

All filters, impingers, and cartridges were tested for inhibitors of
the PCR reaction. The blank filters were treated in the standard way
and the samples were spiked with known SARS-CoV-2 RNA. Different
volumes and salt solution concentrations were tested for the
impinger detection method considering the time of detection and
volume loss due to evaporation. None of the filter materials or
impinger solutions used here inhibited the PCR.

Liquid from impingers and dry filters were collected in microfuge
tubes and stored at -20°C prior to PCR analysis (up to 10 days). On
the day of analysis, we added 1 mL of water to the filters 1 hour
before the PCR to liberate the samples from the filter. Tubes were vor-
texed vigorously for 5 seconds, and 16.2 uL of samples were taken
from the dirty side of the filter while scraping the filters with the
pipette tip gently to use in a 40 uL PCR reaction. Because these sam-
ples are dilute and low copy number, viral genome was often
detected around 28-30 cycles, but sometimes up to 39 cycles.

Campus track tracing

The campus conducted random and planned COVID-19 testing for
students living inside dorms using saliva and nasopharyngeal PCR
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Table 3
The number of samples for each collection media, filter type or PBS concentration, used
at each dorm

Dorm Collection  Filter size (mm)/ Pore size (um)/ Number of
media Solution PBS concentration ~ samples
Dorm1 Filter 37 5 8
Dorm?2 Filter 37 5 8
Dorm1 Filter 37 0.3 25
Dorm?2 Filter 37 03 19
IsolationDorm Filter 37 0.3 6
Dorm1 Filter 25 5 27
Dorm?2 Filter 25 5 24
IsolationDorm Filter 25 5 6
Dorm1 Filter 25 3 3
Dorm2 Filter 25 3 4
Dorm1 Filter 25 1.2 10
Dorm?2 Filter 25 1.2 10
IsolationDorm Filter 25 1.2 6
IsolationDorm Filter 25 (Gelatin) 3 4
Dorm1 Solution NA 0.5 x 8
Dorm?2 Solution NA 0.5x 8
Dorm1 Solution NA 0.25x 4
Dorm?2 Solution NA 0.25x 4
Dorm1 Solution NA 0.15x 28
Dorm2 Solution NA 0.15x 27
IsolationDorm Solution NA 0.15x 6
IsolationDorm Sample collection NA 3
Cartridge substrate

testing. If the student tested positive, the student was then moved to
the IsolationDorm.

RESULTS
Air sampling

A total of 41 sampling days were completed at Dorm1 and Dorm2
and 6 days at the IsolationDorm. The number of samples collected for
each collection method are shown in Table 3. The complete list of
locations, dates, filter types, PBS concentrations, and sampling time
of Methods 1-4 are shown in Table S2, S3, S4, and S5, respectively, in
the Supplement Material. Problems experienced during the sampling
period include random pump shut down during the night, pump fail-
ure, and inconsistent flow due to the calibration adapter on the But-
ton sampler. Sample collection interruptions were noted for 8
samples each for Methods 1 and 2, and 1 sample for Method 3, how-
ever, the downtime for each method was minimal. The total numbers
of samples collected for each method were 66 for Method 1, 94 for
Method 2, 85 for Method 3, and 3 for Method 4. Therefore, the total
number of samples collected for the project was 248.

SARS-CoV-2 detection in air samples by qRT-PCR

SARS-CoV-2 RNA was detected in 14 samples by qRT-PCR in air
samples from dorms, as shown in Table 4. However, human testing
was not performed on each person in the dorms each day. This table
identifies the date and number of individuals who tested positive by
PCR analysis in scheduled clinical testing and the distance from the
sampling location, for example, the same floor or the number of
floors distant from the sampling locations. In addition, the table pro-
vides the air sampling unit, date, filter type, method, sampling time,
the PCR results, and the number of COVID-positive students detected
by the human clinical testing.

We detected SARS-CoV-2 RNA by RT-PCR in air January 19-25
using Methods 2 and 3 in both dorms at a time when no student test-
ing was scheduled. We detected SARS-CoV-2 in air samples on Janu-
ary 25 and 26 for Dorm2, where we also detected SARS-CoV-2 in a

student by scheduled testing (January 26, shown in italic bold). These
results show the timely ability of the HVAC detection method in iden-
tifying previously unrecognized cases, which can alert staff to imple-
ment testing and quarantine to prevent spread. In the period
between January 29 and March 18, cases were detected in students,
but our air sampling did not detect SARS-CoV-2. It is possible that the
distance of the infected person from the air sampling unit caused
dilution of the sample such that it was below the level of detection
by our methods. For the qRT-PCR air analysis, the results reported as
positive were identified as positive by the software. Results reported
as “positive inconclusive” were cases where the viral RNA was
detected but at such low levels that the software identified the results
as “inconclusive”. Since our multiple negative controls run each week
never return an inconclusive result or any amplification, we believe
the “inconclusive” cases are actually detecting quantities of SARS-
CoV-2 at the limit of detection.

In the week of March 22, we detected SARS-CoV-2 on March 22
and 23 using Method 2 for Dorm1 and Dorm2, where 5 students
tested positive in both Dorm1 and Dorm2 on March 25 and 26. How-
ever, we did not detect SARS-CoV-2 on March 16 and April 14, when
2 students tested COVID-19 positive on the same floor of the sam-
pling location. Therefore, from the 8 patients living on the same floor
of the sampling location, in Dorm1 and Dorm2, we detected 6 out of
8 (75%). Of course, it is possible that some of the students who tested
positive were not actively infected since others have reported that
people may remain COVID RNA positive by RT-PCR even if they are
not infectious or releasing virus into the air.>*

For the IsolationDorm, with a known positive case, SARS-CoV-2
was detected in the HVAC air samples from the suite with Method 4
in 3 consecutive samples (from April 26 to 29), showing reproducibil-
ity. We did not detect SARS-CoV-2 using Methods 1-3 inside the Iso-
lationDorm on April 22-25 when the same student was present in
the room. This suggests the superiority of sampling method 4 with a
24 hours collection time over other filter and impinger methods and
collection times.

DISCUSSION

We successfully detected COVID in 4 of the 14 weeks we collected
samples. Compared to the clinical sampling of humans (nasopharyn-
geal swabs or saliva), we had a 75% detection rate when a PCR posi-
tive COVID-19 student lived on the same floor as the sampling
location. The HVAC qRT-PCR analysis detected SARS-CoV-2 on Janu-
ary 19 and 21 in Dorm2 and January 28 in Dorm1, indicating the
likely presence of asymptomatic infected students. We also detected
SARS-CoV-2 in the air on March 22 and 23 with subsequent detection
of COVID cases in students when testing was performed on March 25
and 26. These data indicate that the HVAC sampling is a useful COVID
surveillance method. In our sampling, Method 1 did not detect SARS-
CoV-2 with any of the filters used for this study. Method 2 detected
SARS-CoV-2 only with the 5 um pore size filters. Method 3 only
detected SARS-CoV-2 with the 0.5x PBS solution with sampling times
of 30 and 60 minutes. In addition, on many days, there was no
COVID-19 infection in students in the dorms, and our HVAC RT-PCR
results were negative. This suggests that we did not have a high false
positive rate in our sampling.

Our data suggest the HVAC surveillance is more sensitive when
the infected individual is closer to the air sampling location as the
HVAC detection correlates with cases detected on the same floor of
the sampling location. Presumably, the virus concentration is diluted
as it travels through the duct and is combined with clean air from dif-
ferent locations. In addition, it is possible that virus may be deposited
on the duct walls.

For the 2 cases identified by nasopharyngeal swab testing on
March 16 and April 14, we did not detect SARS-CoV-2 in air samples.
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Table 4
qRT-PCR analysis positive tests and campus COVID-19 confirmed cases during the study period
Dorm name Number of floors Date Filter size (mm)-pore size Method Sampling Presence of Number of COVID-19
from collection unit (1m) [ PBS concen-tration number time (hours) COVID-19 in air samples positive students
January
Dorm1 1 17 1
Dorm?2 19 25-5 2 24 Positive
Dorm1 19 0.5x 3 1 Positive (Inconclusive)
Dorm2 21 25-5 2 24 Positive
Dorm1 25 25-5 2 24 Positive
Dorm2 25 25-5 2 24 Positive
Dorm2 25 0.5x 3 0.5 Positive (Inconclusive)
Dorm1 26 25-5 2 24 Positive
Dorm2 26 25-5 2 24 Positive
Dorm2 same floor 26 1
Dorm1 28 0.5x 3 0.5 Positive (Inconclusive)
Dorm2 2 29 1
February
Dorm2 2 3 1
Dorm2 2 4 1
Dorm2 3 5 1
Dorm1 3 13 1
Dorm1 2 13 1
Dorm1 3 25 1
March
Dorm1 same floor 16 1
Dorm2 1 18 1
Dorm2 22 25-5 2 24 Positive (Inconclusive)
Dorm1 23 25-5 2 24 Positive
Dorm1 same floor 25 2
Dorm?2 same floor 25 1
Dorm1 same floor 26 2
Dorm2 1 29 1
Dorm1 2 29 1
April
Dorm1 3 1 1
Dorm1 same floor 14 1
Dorm2 3 20 1
Dorm2 3 22 1
Dorm2 4 26 1
Dorm2 3 27 1
Dorm1 2 28 1
IsolationDorm 21 1"
IsolationDorm 22 1"
IsolationDorm 23 1
IsolationDorm 24 1"
IsolationDorm 25 1"
IsolationDorm 26 - 4 24 Positive 1"
IsolationDorm 27 1"
IsolationDorm 28 - 4 24 Positive 1"
IsolationDorm 29 - 4 24 Positive 1"

The number of floors separating the location where the identified COVID positive student was living, and the sample collection unit are shown. The dates when SARS-CoV-2 was
detected both by air sampling and by human clinical testing (saliva or nasopharyngeal PCR testing) are shown in bold in italic.
*The student in the isolation dorm was only tested once, and the same student (only one) was in the IsolationDorm from April 21 through 29.

There is a possibility that these 2 COVID-19 PCR positive students
were not spreading the virus in the air, or that it was a false positive
PCR test. A previous study has reported that individuals may be PCR
positive when they are not infectious*?> but have enough residual
viral RNA in the respiratory system to be detectable by a clinical PCR
COVID-19 laboratory test. The PCR analysis developed for this study
only detects COVID-19 if a person was shedding virus into the air, the
salient feature that is important for controlling viral spread.

In the IsolationDorm we detected SARS-CoV-2 in all 3 conse-
cutive samples, showing reproducible and reliable results. We did
not detect SARS-CoV-2 by sampling Methods 2 and 3 in that
suite; however, Method 4 has 50 times the flow rate of Method
2, and Method 3 was only performed for 30 minutes compared to
24 hours for Method 4. These results suggest that increased sam-
pling flow rates or longer collection times may be needed for
detection of dilute virus particles.

In this study, we were able to detect the SARS-CoV-2 viral RNA
without any purification of the RNA prior to the RT-PCR analysis. Our

method takes advantage of the fact that PCR does not require purified
genome samples, it simply requires accessible genome sequences and
the absence of specific RT-PCR inhibitors, which is similar to previous
studies.'”"?" We did not attempt to assess viral “viability” on the fil-
ters in tissue culture, because the air sampling techniques in most
cases would desiccate the virus over time making its ability to infect
and replicate unlikely. We tested the materials used for sampling (fil-
ters and cartridges) and found no PCR inhibitors. The absence of RNA
purification step allows for more rapid and efficient PCR testing of
samples and likely increases the sensitivity of the testing since
genome materials are not lost or damaged during purification steps.
To our knowledge, this is the first study successfully detecting
SARS-CoV-2 by PCR detection on air samples from HVAC systems.
However, we present literature for detecting SARS-CoV-2 PCR com-
pared to the methods we used. Ong et al.>> performed air sampling
using our Method 1 for 2 days in a COVID-19 hospital infection isola-
tion, for a sampling duration of 2 hours with a total of 32 samples.
The researchers used qRT-PCR with TaqPath Combo Kit to target the
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N, S, and ORF1ab (RdRP) gene regions to detect SARS-CoV-2 with a
positive rate of 53.8%. Lednicky et al.'" performed air sampling inside
2 hospital rooms designated for COVID-19 patients, using in-house
aerosol samplers with a flow of 8 LPM, at 3 different locations in the
rooms. The researchers used qRT-PCR with 5 mL of purified viral
RNA, primers, and probe to detect SARS-CoV-2 with a positive rate of
100%. Similarly, we could detect COVID-19 with Methods 2, 3, and 4,
but not with Method 1. For the first environment, Dorm1 and Dormz2,
we had a 75% detection rate when PCR positive COVID-19 students
lived on the same floor of the sampling location. Compared to Ledn-
icky, et al.'' and Ong et al.?>, we did not achieve 100% detection, and
Method 1 did not detect COVID-19. However, both studies sampled
directly inside the hospital rooms, compared to our studies where we
detected virus in the HVAC system for the buildings. In addition,
Lednicky et al.'! used an aerosol sampler with a higher flow rate and
a water-vapor condensation method for collection. For the second
environment, IsolationDorm, we had a 100% detection rate for
Method 4, on 3 consecutive testing days. Our sampling time was
24 hours, compared to 2 hours maximum used by Dietz, et al.>*

We conducted the current study as a cleaner, easier and safer
alternative method to the wastewater track tracing method'® and we
have shown that it is possible to detect viruses in HVAC air samples
collected at one location from the dorm's return air. It is possible that
performing air sampling for SARS-CoV2 on each floor of a large build-
ing may yield greater sensitivity.

CONCLUSION

We developed methods for successful detection of SARS-CoV-2
in HVAC air samples. Compared to confirmed cases by human
clinical testing, we had a success rate of 75%-100%. HVAC air sam-
pling can be an important surveillance technique for the control
of viral spread in large buildings, especially congregant living set-
tings. Such monitoring of air may allow early intervention to stop
the spread of SARS-CoV-2 inside buildings. Future building
designs should include HVAC access for such sampling, and public
health policies should consider implementation of HVAC surveil-
lance testing either routinely or during times of contagion. Our
data suggest air sampling at each floor would be beneficial, and
that more distant sampling is less sensitive. More frequent sam-
pling would detect the virus more quickly, but this must be bal-
anced against cost and the level of concern for viral transmission
at the time.
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