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Abstract

Predominantly asymptomatic infections, such as those for SARS-CoV-2, require robust surveillance testing to identify people
who are unknowingly spreading the virus. The US Air Force Academy returned to in-person classes for more than 4000
cadets aged 18-26 years during the fall 2020 semester to meet graduation and leadership training requirements. To enable
this sustained cadet footprint, the institution developed a dynamic SARS-CoV-2 response plan using near—real-time data to
inform decisions and trigger policies. A surveillance testing program based on mathematical modeling and a policy-driven
campus reset option provided a scaled approach to react to SARS-CoV-2 conditions. This program adequately controlled
the spread of the virus for the first 2 months of the academic semester but failed to predict or initially mitigate a significant
outbreak in the second half of the semester. Although this approach did not completely eliminate SARS-CoV-2 infections in
the population, it served as an early warning system to alert public health authorities to potential issues, which allowed timely

responses while containment was still possible.
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Along with thousands of colleges and universities, the US
Air Force Academy in Colorado Springs, Colorado, spent
months planning COVID-19 mitigation strategies for the fall
2020 academic semester, which ran from August 12 to
December 4, 2020.! Unlike other institutions, where many
students live off campus” and most graduation requirements
may be completed virtually, the unique nature of military
service academies requires in-person leadership and mili-
tary components, which do not translate to the online
environment.>* In addition, previous data on SARS-CoV-2
infections generated from the USS Theodore RoosevelfS
and Charles De Gaulle’ suggested that young, healthy
cohorts remain largely asymptomatic, with sailors remaining
60% and 50% asymptomatic, respectively. For the USS
Theodore Roosevelt, the 3448 people aboard ranged in age
from 18 to 50 years (mean = 27.2; interquartile range,
22-32), placing them in a low-risk category. The data col-
lected throughout the semester on our campus confirmed this
prediction, with approximately 80% of cadets cither wholly
asymptomatic or experiencing only mild, general symptoms,
making detection based solely on symptoms ineffective.®’
Further complicating control measures, cadets live together
in 2 dormitories, each cadet has at least 1 roommate, and
cadets use shared restrooms and a single dining facility.

During the fall 2020 semester, cadets were assigned to
specific dining hours to limit the number of people in the hall
at any given time, but the shared nature of all facilities made
it difficult to separate cadets, even with wearing face masks,
practicing social distancing, and increasing sanitation proce-
dures. Furthermore, athletics and physical fitness is an
important part of preparation for a future military officer,
with required combative-type classes in the curriculum and a
high level of use of the physical fitness spaces, often indoors
because of variable weather conditions. To combat the virus,
the institution used a SARS-CoV-2 testing strategy heavily
focused on surveillance testing to identify people who had
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positive test results for the virus but no symptoms.'®!! By
rigorously testing for the virus in asymptomatic people,
infectious virus is isolated from healthy populations before it
spreads, limiting the overall number of cases. Aggressive
contact tracing and a dedicated facility for quarantine and
isolation complemented this methodology, while a campus
reset—a robust suite of policy options to curb the spread on
campus—provided further mitigations against viral spread.

Purpose

The requirement for in-person lessons at the US Air Force
Academy provided an opportunity to collect data on the
movement of SARS-CoV-2 infections to evaluate viral trans-
mission dynamics from August 12 through December 4,
2020. This population consisted of 4400 medically screened,
healthy cadets aged 18-26 years, with no known comorbidi-
ties, rendering them less susceptible to severe courses of
SARS-CoV-2 infection than older people or people with
underlying health conditions.'>!3 Furthermore, the nature of
a college located on an active-duty Air Force base improved
the ability to control interactions with the local community,
by restricting base access to only mission-essential person-
nel. It also limited the ability of the cadets to leave base, as
the military culture reinforces strict adherence to rules and
regulations.

Existing data on similar populations (ie, the USS Theodore
Roosevelt) suggested that most cadets would be asymptom-
atic if infected with SARS-CoV-2, offering little warning of
an impending rise in SARS-CoV-2 cases. This lack of symp-
toms complicated the timing of responsive mitigation poli-
cies, because a substantial number of infections could rapidly
spread through the cadet population undetected. Although
our cadet group was at low risk of contracting the virus,
many of the long-term effects of contracting SARS-CoV-2
remain unknown, and it is imperative to ensure the health
and safety of these young cadets to be able to commission
them into the military without any adverse medical compli-
cations. Furthermore, approximately 500 faculty and staff
members interacted with the 4400 cadets daily. The demo-
graphic characteristics of this group did not align with those
of a low-risk population, and members of this group also
returned to the local community, potentially bringing uniden-
tified SARS-CoV-2 infection with them. Surveillance testing
provided a straightforward and effective measurement of the
current infection status of cadets and identified people for
isolation who may have unknowingly spread the virus,
thereby limiting the potential for populations at high risk for
SARS-CoV-2 to contract the virus.

Throughout the first half of the semester, this surveillance
testing limited the spread of SARS-CoV-2 infections in our
population. However, an increase in community prevalence
coupled with several ill-timed social gatherings led to a rapid
rise in cases, forcing public health officials to implement a
lockdown or “reset” procedure to ensure the safety and

well-being of all personnel. This reset halted the virus spread
and highlighted that, in addition to identifying people who
received a positive test result for SARS-CoV-2, random
surveillance testing also provides an early warning system
to identify increased viral transmission within the tested
population.'4

Methods

Planning and Adaptive Daily Surveillance

Analysts used a stochastic Susceptible-Exposed-Infected—
Recovered compartmental model previously validated for
our population to predict the spread of SARS-CoV-2 infec-
tion throughout the cadet population under various surveil-
lance testing rates.'* The model included symptomatic and
asymptomatic infection compartments, as well as quarantine
and isolation compartments, permitting detailed forecasts of
possible outcomes from various observed conditions. Model
parameters (eg, transmissibility, reproductive number,
asymptomatic rates) based on institutional population
dynamics laid the modeling groundwork to inform policies
related to classroom density, military training activities, and
off-base liberties (Table). Current infection prevalence and
reproductive number estimates were the most critical param-
eters for forecasting trends from 2 weeks to 2 months into the
future and were used to track the effectiveness of the imple-
mented policies. The number of tests performed weekly and
the percentage of cadets randomly selected depended on the
positivity rate previously observed in the 4400-person cadet
cohort. These selected people participated in pooled surveil-
lance testing.!® To determine positive test results, the labora-
tory used the guidance provided in the Emergency Use
Authorization for the Smart Detect SARS-CoV-2 rRT-PCR
Kit (InBios). A presumptive-positive test result amplified on
a single viral primer target (envelope, nucleocapsid, or
Orflb), whereas a true-positive test result amplified on at
least 2 viral primer targets. If a pooled sample returned a
true-positive or presumptive-positive test result, the samples
for the 8 people in the pool were rerun individually, to iden-
tify the infected individual.

Campus Reset

Once cases met the reset threshold and the readiness posture
shifted from Phase 2 to Phase 3 (Table), 100% of the cadet
population was tested on day 0, 50% again by day 7, and the
remaining 50% by day 14, culminating at the end of the
semester with 100% testing of the entire cadet student body
(Figure). Once triggered to begin Phase 3, operations
remained at this level for a minimum of 2 weeks. After 2
weeks elapsed, operations resumed at a lower phase, based
on the number of known active infections at the time. We
defined a known active infection as an individual who
received a positive test result and either was within the
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Table. Lockdown criteria and policy levers used at the US Air Force Academy during the COVID-19 pandemic, August |12—-December

4, 2020°
Response Phase 0: baseline Phase I: Phase 2: Phase 3:
components COVID-19 operations contain the spread soft lockdown full lockdown
Objective COVID-19 mitigation and Reinforce mitigation Increase testing, reduce Identify most infections
surveillance compliance, 50% testing interactions by 50% and reset
increase
Criteria Number of new weekly Number of known active Number of known active Number of known active
infections <5 infections >10 infections >20 infections >50
Surveillance 4% daily; 16% weekly; 6% daily; 24% weekly; 9% daily; 45% weekly; 15% testing daily; 100%
testing Tuesday through Friday Tuesday through Friday Monday through Friday weekly; Sunday through
Saturday
Students e Full-use common areas Limit social interaction to e Restricted to living e Restricted to room
e Full freedom to study groups, clubs, etc areas and quads e Takeout dining only
associate e Lounge 50% capacity
e Minimum trips to
grocery
Training All passes e Day pass only e Off-base access by Off-base passes by
e Overnight pass by exception exception
exception e Military training by
distance only
Academics 50% Remote teaching 50% Remote teaching 75% Remote teaching e 100% Remote teaching
e In-person laboratories
by exception
Athletics Gym: 25% capacity Gym: 25% capacity e Noncontact physical e Remote physical
education courses education only
only e Gym closed
e  Gym: |5% capacity
Other Sit-down restaurants and Curbside pick-up only Intramurals canceled e Clubs virtual

retail shopping permitted

e Facilities closed

?Protocols recommended by the Centers for Disease Control and Prevention, such as wearing face masks and social distancing, were maintained across
all phases. Once in Phase 3 (full lockdown), it was possible to revert to previous phases after at least | week post-lockdown testing, and when the

number of known active infections met the previous phase threshold.

10-day required isolation period or had not received 2 nega-
tive real-time polymerase chain reaction (RT-PCR) test
results.

Isolation and Quarantine

Upon receiving a positive test result or being identified via
contact tracing, individuals moved to isolation or quarantine
quarters, respectively. These individuals were subsequently
tested on day 7, day 10, and day 14, per local guidelines.
Contact tracing included roommates, teammates, and class-
mates sitting within 6 feet of the infected individual. Public
health personnel conducted interviews with infected indi-
viduals to determine additional people of interest.

Laboratory Testing

Trained medical technicians obtained nasopharyngeal swab
specimens stored in saline or viral transport medium. The
Smart Detect SARS-CoV-2 rRT-PCR Kit run on a Bio-Rad
CFX96, or the Cepheid GeneXpert Xpert Xpress SARS-
CoV-2 Emergency Use Authorization assays determined
SARS-CoV-2 presence. For pooled surveillance testing,

samples were processed using the QIAamp Viral RNA Mini
Kit (Qiagen), modified for 8 individuals per RNA extraction.
Modifications included 1120 pL total human sample (140 pL
per sample X 8 individuals), lysed with 1120 pL buffer and
quenched with 1120 pL ethanol, then processed per the man-
ufacturer’s instructions. The turnaround time for test results
depended on the number of samples processed. During
Phases 0, 1, and 2, results were available for the pooled sam-
ples within 4-6 hours of sample drop-off, with follow-up on
individual tests requiring an additional 2-4 hours, depending
on the number of pools with a positive test result. For Phase
3 operations, the laboratory provided results on pooled sam-
ples and follow-up on individuals within 12-16 hours of
sample drop-off. The US Air Force Academy Institutional
Review Board determined the surveillance testing and math-
ematical modeling (FAC20200024N and FAC20200025N,
respectively) were not human subjects research in accor-
dance with 32 CR 219, DoDI3216.02 and AFI 40-402.

Outcomes

Modeling simulations, experience from previous semesters,
and senior leadership input helped create tiered responses
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Figure. US Air Force Academy cadet COVID-19 case and surveillance summary during fall semester 2020 (August |2—-December 4) for
4400 cadets. (A) Daily number of positive SARS-CoV-2 test results, by origin of testing. (B) Number of active infections among cadets,
by phase of surveillance operation, and cumulative number of cases in Colorado (100% of susceptible cadet student body tested during
3 days in indicated 100% test blocks). (C) Total number of cadets in quarantine (those who had been in close contact [within 6 feet]
with an infected individual) and isolation (a positive test result for SARS-CoV-2). (D) Percentage of the cadet student body tested in
each week and prevalence of infection estimated from surveillance testing. Circles indicate point prevalence; errors bars indicate 95%
Wilson hypergeometric Cls. The bar for November 4 exceeds 100%, as that week some people were tested twice, Monday and Friday.
Abbreviations: CO, Colorado; NCAA, National Collegiate Athletic Association; ROM, restriction of movement.
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(Table) to appropriately balance limiting SARS-CoV-2
spread with maintaining cadet morale. These criteria also
accounted for quarantine and isolation capacity: by trigger-
ing increases in mitigation efforts early enough to ensure
availability, based on predicted viral spread dynamics.
Despite the large emphasis on random surveillance testing,
continued positive case identification in symptomatic people
(15%, n = 59) as well as people who were contact traced
based on previous positive test results (32%, n = 125) was
also instrumental in preventing outbreaks (Figure, Panel A).

The surveillance testing program identified 18 and 13
cases of SARS-CoV-2 in August and September, respec-
tively. However, the number of cases steadily increased
throughout October (Figure, Panel B) until it hit 79 cases,
with more than 150 cadets in quarantine or isolation (Figure,
Panel C), triggering a “population reset” or 100% cadet test-
ing event from November 3-7, when 122 people received a
positive test result for SARS-CoV-2 (Figure, Panel D). The
original reset trigger was set to 50 cases; however, because of
the spread throughout the cadet population, 28 people
received a positive test result on 1 day, prompting the reset.
In November, 298 people received a positive test result. After
the reset and additional testing, the number of positive cases
decreased, with 17 people receiving a positive test result dur-
ing December, marking the end of the semester (Figure).

Lessons Learned

Although surveillance testing detected a spike in COVID-19
cases during October, the rapid rise of infections quickly sur-
passed multiple decision thresholds, triggering a lockdown
and reset event. This reset was resource intensive—more than
12 000 tests were conducted across 1500 pools in a 4-week
period—but the results highlight the importance and practi-
cality of surveillance testing. This strategy took a 2-week
commitment to see results and required the cadets to adhere to
strict policies aimed at reducing viral transmission. The num-
ber of SARS-CoV-2 infections dropped from 175 known
active cases at the peak of the outbreak on November 7 to 75
known active cases 2 weeks later. The increase in cases in the
surrounding El Paso County community documented by the
Colorado Department of Public Health!® coincided with an
increase in surveillance testing by 50% throughout the
remainder of November because of the lingering level of
COVID-19 infections among cadets. The increase in surveil-
lance testing also served to pick up any potential secondary
infections caused by the 175 people who received a positive
test result and were in isolation, leading to the identification
of an additional 150 people with SARS-CoV-2 infection.
Timeliness was critical to surveillance testing. Deter-
mining test results within 8 hours enabled faster isolation of
positive cases and reduced spread. Pooled testing provided a
relatively rapid means of conducting hundreds of tests.
When public health personnel identified people in a pool
with positive test results, they instructed the pool members

to quarantine in their dormitory rooms for the additional 2-4
hours until individual tests were completed. This process,
versus the 24-48 hours required to resolve hundreds of indi-
vidual tests, allowed public health personnel to identify indi-
viduals with initially positive test results early and restrict
their movement in a way that minimized the risk of SARS-
CoV-2 spread among potentially positive people, until the
final test results were available a few hours later.

In addition to an increase in testing, several transmission
mitigation policies were implemented, including restrictive
measures that took a mental health toll on the population. As
the phases of lockdown increased, it was essential to increase
access to mental health providers to ensure each cadet received
the care and support he or she needed. This requirement is
especially necessary in a military academy, where people
come from across the United States and internationally, with
little established support structure in the local area, but a lot of
leadership and military responsibilities that force them to per-
form under adverse conditions. Future implementations should
deliberately anticipate and plan for this increase in mental
health support to ensure that resources are available when
required.

For some institutions or populations at high risk of
acquiring SARS-CoV-2 infection, where many infections
result in hospitalization or death, our approach may not be
viable. The young, healthy Air Force Academy population
experienced no hospitalizations or fatalities, but the virus
still spread rapidly throughout the institution when testing
was inadequate. Our approach is useful in younger popula-
tions, where medical professionals must balance the physi-
cal risk of SARS-CoV-2 with the mental risk of extended
isolation. Further, this plan provided an additional use for
surveillance testing, as an early warning system. Although
it is important to detect SARS-CoV-2 cases, it is even more
important to be able to react to the information received
from these tests. By predetermining policies and the thresh-
olds required to trigger these decision points regarding
policy implementation, it is possible to react in a timely
manner to curb infections, while monitoring for a safe
return to routine operations.

Conclusions

SARS-CoV-2 infections within a population are dynamic. In
the scenario described in this case study, a robust surveil-
lance plan enabled near—real-time feedback into planning
parameters and mathematical modeling, giving leaders the
information required to make policy decisions. Surveillance
testing served as a warning system, offered a means of con-
trol, and provided a monitoring system to university officials
to implement policies limiting interactions, thereby halting
further spread of SARS-CoV-2. Although on-hand surveil-
lance testing options capable of surging to meet the heavy
test load required to reset a population may seem daunting,
through pooled testing and a strategy reliant on minimizing
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exposure, organizations may feel confident in their ability to
respond and resume routine operations after an outbreak.
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