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BACKGROUND: Institutions of higher education (IHE) 
have been a focus of SARS-CoV-2 transmission studies 
but there is limited information on how viral diversity and 
transmission at IHE changed as the pandemic progressed.

METHODS: Here we analyze 3606 viral genomes from 
unique COVID-19 episodes collected at a public uni-
versity in Seattle, Washington from September 2020 
to September 2022.

RESULTS: Across the study period, we found evidence of 
frequent viral transmission among university affiliates 
with 60% (n = 2153) of viral genomes from campus spe-
cimens genetically identical to at least one other campus 
specimen. Moreover, viruses from students were observed 
in transmission clusters at a higher frequency than in the 
overall dataset while viruses from symptomatic infections 
were observed in transmission clusters at a lower fre-
quency. Although only a small percentage of community 
viruses were identified as possible descendants of viruses 

isolated in university study specimens, phylodynamic 
modeling suggested a high rate of transmission events 
from campus into the local community, particularly dur-
ing the 2021–2022 academic year.

CONCLUSIONS: We conclude that viral transmission was 
common within the university population throughout 
the study period but that not all university affiliates 
were equally likely to be involved. In addition, the trans-
mission rate from campus into the surrounding commu-
nity may have increased during the second year of the 
study, possibly due to return to in-person instruction.
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Introduction

The SARS-CoV-2 pandemic has been characterized by 
geographical and chronologic variation in circulating var-
iants revealed through viral genome sequencing surveil-
lance (1). These efforts were integral for identifying 
functional differences among variants and helped to pre-
dict fluctuations in incidence of COVID-19. Institutions 
of higher education (IHE), have been a major focus of 
surveillance efforts during the pandemic. Although IHE 
vary widely in size, demographics, and setting, most 
IHE populations are predominantly made up of young, 
healthy adults who are at a relatively low risk of severe dis-
ease from SARS-CoV-2 (2, 3). Risk may be further miti-
gated by high rates of vaccine uptake in the setting of 
vaccine mandates at some IHE (4). However, features 
of IHE environments, such as communal housing and 
frequent social events, and a high level of mobility due 
to travel during academic breaks, may promote the spread 
of respiratory viruses, including SARS-CoV-2 (5, 6).

SARS-CoV-2 epidemiology and transmission stud-
ies at IHE have estimated varying viral transmission rates 
between IHE populations and their surrounding com-
munities (5, 7–12). Some of this variation is likely due 
to fixed differences among IHE, as well as temporal vari-
ation in viral transmission dynamics across the pandem-
ic. Most studies of SARS-CoV-2 in IHE populations 
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have analyzed data from short time frames (such as single 
academic quarters or semesters), preventing assessment 
of how transmission changed over time and how new 
viral variants and changes in mitigation strategies and 
human behavior shaped transmission as the pandemic 
progressed.

Here we examine SARS-CoV-2 genomic sequence 
data and demographic, epidemiologic, and clinical data 
collected across from September 2020 to September 
2022 as part of a university testing program, the Husky 
Coronavirus Testing (HCT) study. We used 3 different 
means to assess viral diversity and transmission. First, 
we characterized diversity of viruses seen on campus 
and compared this to viral diversity within the state. 
Second, we identified clusters of closely related HCT se-
quences and assessed the impact of demographic, epide-
miologic, and clinical factors of study participants on 
cluster membership. Third, we examined phylogenetic re-
lationships between university and community viruses.

Methods and Materials

DATA AND SAMPLE COLLECTION

Data analyzed were collected as part of the HCT study. 
HCT provided SARS-CoV-2 testing (both by invitation 
and on demand) for affiliates (students, faculty, and 
staff) for the University of Washington (UW) main 
campus and 2 satellite campuses from September 2020 
to July 2023. SARS-CoV-2 testing was performed via 
participant self-swab collection observed by study per-
sonnel at testing sites on campus, unobserved self-swab 
collection returned to an on-campus drop box, and un-
observed self-swab collection picked up by courier. 
Samples were tested for SARS-CoV-2 using a laboratory 
developed multiplexed RT-qPCR with targets in the 
Orf1b and S-genes. Additional details about the study 
population and setting, the testing program and facil-
ities, data collection, and sample analysis can be found 
in the Supplementary Methods and have been described 
previously (13–15).

GENOME SEQUENCING AND ANALYSIS

Genome sequencing was attempted on all specimens 
that tested positive for the presence of SARS-CoV-2 
with an average cycle threshold of 30 or less. 
Processing of raw sequence data and generation of con-
sensus genomes was performed using a publicly available 
bioinformatic pipeline (https://github.com/seattleflu/ 
assembly). All genome sequences used in this study 
were submitted to Global Initiative on Sharing All 
Influenza Data (GISAID) (16, 17) and SARS-CoV-2 
genomes used in analyses that were generated outside 
the HCT study were downloaded from GISAID. 
Sequence alignment, masking of problematic loci, and 

phylogenetic tree generation were performed using 
Nextstrain (18). Trees were visualized using Auspice. 
Groups of identical SARS-CoV-2 sequences were iden-
tified using a previously described R package (https:// 
github.com/blab/size-genetic-clusters) (19). Additional 
details of our approach to genome sequencing and ana-
lysis and our transmission modeling analysis are de-
scribed in the Supplementary Methods.

Results

VIRAL LINEAGES AND CLADES COMMON IN WASHINGTON 

STATE WERE OBSERVED AMONG HCT SPECIMENS

We sequenced 3855 of 6485 SARS-CoV-2 positive spe-
cimens collected by HCT from September 2020 to 
September 2022. These sequences represent 3% of all 
SARS-CoV-2 genomes in the GISAID EpiCoV database 
(16, 17) generated from specimens collected in 
Washington State (WA) during this time. We retained 
1 sequence per person per infection and filtered out 
poor quality sequences, resulting in 3606 sequences ana-
lyzed (Fig. 1). Of these sequences, 3195 were collected 
during academic year 2 (September 1, 2021– 
September 30, 2022 is referred to as year 2; September 
1, 2020–August 31, 2021 is year 1) with 1813 collected 
between December 1, 2021 and February 28, 2022 
(Supplemental Fig. 1). The final sequence set contained 
sequences from 19 different Nextstrain clades and 115 
Pango lineages.

To provide context for diversity seen among 
SARS-CoV-2 genomes from HCT specimens, we down-
loaded all SARS-CoV-2 genomes from specimens col-
lected in WA outside the HCT study from September 
2020 to September 2022 from the GISAID EpiCoV 
database (16, 17). After filtering out poor quality and du-
plicate sequences, 119 215 WA genomes remained, repre-
senting 27 clades and 333 lineages. All clades with a 
frequency of >0.2% and all lineages with a frequency 
of >0.4% among WA genomes were represented by 
at least 1 HCT genome. Most lineages in WA were 
rare (<0.4% of all WA genomes) and more than half 
(n = 224, 67.3%) of all WA lineages were not observed 
among HCT genomes. There were 6 lineages that were re-
presented in HCT but not the WA sequence set. These 
were all from samples collected in early January or late 
March 2022. The percent of WA clades and lineages ob-
served in HCT fluctuated over time; in year 2, these per-
centages appeared to spike at the beginning of academic 
quarters (Supplemental Fig. 2; Supplemental Table 1).

AVERAGE DELAY OF 1 MONTH BETWEEN VARIANT 

OBSERVATION IN WA AND IN HCT

The prevalence of clades among HCT and WA se-
quences over time is shown in Fig. 2. For clades and 
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lineages seen among both HCT and WA genomes, the 
average number of days from first observation in WA 
to observation among HCT specimens was 35.1 days 
(median 24, range 0–116) for clades and 35.5 days (me-
dian 28, range −56–170) for lineages (Supplemental 
Fig. 3). Ten lineages were observed among HCT speci-
mens before WA specimens. Notably, the BA.2 lineage, 
which was represented by 428 (11.9%) HCT sequences 
and 6704 (5.6%) WA sequences and from which all cur-
rently circulating SARS-CoV-2 are descended, was 
among these and was first observed on campus on 
January 3, 2022. Three of the other lineages first ob-
served in HCT were also collected in January 2022. If 
we restricted the WA genomes to those from the county 
where the university campus is located (King County or 
KC), time from first observation in KC to first observa-
tion in HCT was 22.0 days (median 12, range −11 to 
84) for clades and 17.0 days (median 10, range −116 
to 116) for lineages.

MOST HCT SARS-COV-2 SPECIMENS WERE CLOSELY RELATED 

TO AT LEAST ONE OTHER HCT SPECIMEN

We used 2 different approaches to identify groups of 
closely related HCT SARS-CoV-2 genomes. First, we 
identified groups of identical genomes (which we refer 
to as “zero distance clusters”). There were 1730 unique 
haplotypes among HCT sequences, including 2153 se-
quences that were identical to at least one other HCT 
sequence and 277 haplotypes represented by >1 HCT 
sequence (Fig. 3A, Supplemental Table 2). A single 
Omicron haplotype (clade 21K, lineage BA.1.1) was ob-
served for 655 different sequenced specimens collected 
from December 17, 2021 until March 8, 2022 

(18.2% of all HCT genomes). Of the 277 zero distance 
clusters, 26 included 10 or more sequences. For each 
clade, the average size of zero distance clusters decreased 
with time since clade introduction (Supplemental Fig. 
4) (19). The longest period over which a single haplo-
type was observed was 153 days (clade 21L, lineage 
BA.2).

We also identified groups of identical sequences 
among a combined HCT and WA dataset. Of 277 
HCT zero distance clusters, 133 (48%) represented 
a haplotype not observed among WA genomes (we re-
fer to these as “HCT-only zero distance clusters”). The 
largest HCT-only zero distance cluster (clade 21K, 
BA.1.20) included 12 sequences and the most persist-
ent cluster (longest period from collection of first to 
last specimen) was observed over a period of 35 days 
(clade 21K, BA.1.1). To assess for possible “spill-over” 
of virus from university affiliates into other popula-
tions (Supplemental Note 1), we identified WA 
viruses that appeared to be descendants of 1 of 133 
HCT-only zero distance clusters (see Supplemental 
Methods). We found a total of 81 such non-HCT 
viruses, associated with 19 clusters. Over half 
(n = 42, 51.9%) of these 81 viruses were of the BA.2 
lineage (clade 21L). The largest number of 
non-HCT descendants of a single cluster was 37 
(clade 21L, BA.2).

We created a phylogenetic tree for each clade that 
included all HCT and WA genomes. We used these 
trees to identify clusters (which we refer to as “phylogen-
etic clusters”) of HCT genomes that descend from a sin-
gle introduction event (see Supplemental Methods). 
These clusters ranged in size from 2 to 70 sequences 
with 19 clusters including >10 sequenced specimens 

Fig. 1. Phylogenetic tree of all 3606 HCT sequences. Tips are colored by Nextstrain clade with Nextstrain 
clade designations (i.e., 21K, 22C, etc.) given next to groups of tips of the same color. Date of specimen 
collection is on the x-axis. A bar below the x-axis shows timeline of online vs in-person instruction.
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(Fig. 3, Supplemental Table 3). Most (n = 198, 84.6%) 
of the 234 HCT phylogenetic clusters included only 
HCT sequences. However, a total of 218 WA sequences 

were part of an HCT sequence cluster. The largest num-
ber of non-HCT sequences in a single HCT phylogen-
etic cluster was 37 (clade 20I, lineage B.1.1.7).

A

B

Fig. 2. Frequency of Nextstrain clades among HCT and WA SARS-CoV-2 genomes over time. Each time point 
on the x-axis represents a 2-week sliding window centered on that date. The y-axis shows the distribution of 
genomes collected in that window among different clades. Blank sections for HCT represent 2-week windows 
during which no sequenced specimens were collected. Chart colors correspond to Nextstrain clades as shown 
in the legend. Alpha variant clades are labeled A, Delta variant clades are labeled D, and Omicron variant 
clades are labeled O in the legend. (A), Specimens collected during year 1 (September 1, 2020 to August 
31, 2021); (B), Specimens collected during year 2 (September 1, 2021 to September 30, 2022).
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MODEL SUGGESTS HIGH TRANSMISSION RATE FROM 

THE UNIVERSITY INTO THE SURROUNDING COMMUNITY

To further explore the relationship between SARS- 
CoV-2 in university affiliates and the surrounding com-
munity, we modeled transmission dynamics to and 
from the HCT population. We limited the WA se-
quences in this analysis to those from KC to reflect 
the community immediately surrounding the univer-
sity. In addition to including an HCT and KC region 

in the model, we also included an “other” region repre-
senting sequences from outside KC in WA and the rest 
of the world. After subsampling (see Supplemental 
Methods), a total of 1137 genomes were used for the 
model. Results suggested a higher forward migration 
rate from HCT into KC than vice versa [Fig. 4; 10.8 
migration events/lineage/year (95% highest posterior 
density 4.3–19.9) vs 0.13 migration events/lineage/ 
year (95% highest posterior density 0.068–0.179)]. 

A

B

Fig. 3. Chronology of clusters of HCT sequences. Each bar represents a sequence cluster that extends 
from the collection date of the first specimen in the cluster to the collection date of the last specimen. 
Month and year of specimen collection is denoted at the top with additional bars to denote dates of aca-
demic quarters and timeline of online/in-person instruction. The colors of the cluster bars correspond to 
the viral clade as indicated in the legend. Alpha variant clades are labeled A, Delta variant clades are la-
beled D, and Omicron variant clades are labeled O in the legend. The height of the cluster bar is propor-
tional to the number of sequences in the cluster. (A), Zero distance clusters (groups of identical 
sequences). Bars with black outlines represent HCT-only zero distance clusters (groups of identical se-
quences with haplotype unique to HCT); (B), Phylogenetic clusters (groups of sequences that cluster 
phylogenetically).
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We estimated that KC had at least 433 (IQR 415–444) 
viral introduction events during the study period with 
at least 130 events (IQR 126–137) coming from the 
HCT population (Supplemental Note 1). Our model 
indicated that viral lineages are more likely to circulate 
longer in the larger KC region (92.6 days, IQR 86.4– 
101.1 days) than in the HCT population (77.2 days, 
IQR 71.5–82.6 days). When analyzing transmission 
patterns across time, we find that viral flow between 
HCT and KC was dominated by spread from KC to 
HCT during year 1, and from HCT to KC during 
year 2 (Fig. 5).

PARTICIPANTS WITH A SEQUENCED VIRAL GENOME WERE 

REPRESENTATIVE OF THOSE TESTING POSITIVE FOR 

SARS-COV-2
The 3606 HCT genomes were from 3560 unique indi-
viduals (Supplemental Table 4). Most (85.4%) were stu-
dents, 57.5% identified as female, 8.6% were Latinx, 
and most were White (50.4%) or Asian (32.0%). 
Average age at the time of infection was 25.1 years (me-
dian 21.3 years, range 17.4–78.7). HCT participants 
with a sequenced specimen were overall demographically 
representative of all HCT participants with a positive 
test (Supplemental Table 5). In total, 3514 individuals 

A

B C D

Fig. 4. Phylodynamic analysis of SARS-CoV-2 transmission between KC and HCT populations. (A), 
Maximum clade credibility tree summary of the Bayesian inference conducted using MASCOT-Skyline 
on 1137 sequences. Colors correspond to the locations in the legend. KC = Sequences from King 
County (excluding those from HCT), HCT = Sequences from specimens collected by HCT, other = global 
contextual sequences from outside King County sampled to increase spatiotemporal diversity. 
Estimated number of introductions (B), exports (C), and average time of local persistence in days (D) 
for each region. Horizontal black line denotes median estimates.
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had only 1 sequence in the dataset while 46 individuals, 
who experienced infection with >1 clade/lineage of 
SARS-CoV-2 during the study period, had 2 sequences 
included in the dataset (Supplemental Table 6, 
Supplemental Note 2).

SEQUENCES FROM STUDENTS, YOUNGER PEOPLE WERE MORE 

LIKELY TO CLUSTER WITH OTHER HCT SEQUENCES

Students were overrepresented among reinfected indivi-
duals relative to their frequency in the complete dataset 
(1 proportion z-test, 95.7% vs 85.4%, P = 0.048). 
Among reinfected individuals, the proportion of infec-
tions associated with symptoms (47.8% or 44/92) was 
also significantly lower than the proportion of infections 
associated with symptoms among all participants (2722 
out of 3606, P < 0.0001, Fig. 6, Supplemental Table 7). 
Additionally, average age at the time of infection was 
lower for those who experienced reinfection than for 
all participants with a sequenced virus (21.1 vs 25.1, 
P < 0.0001). This was also observed when sequences 
from students and those from faculty/staff were consid-
ered separately (20.5 vs 21.7, P < 0.0001 and 33.0 vs 
44.8, P = 0.0096).

Sequences from students were overrepresented 
among those in zero distance, HCT-only zero distance, 
and phylogenetic clusters (90.9%, 97.0%, 97.6% vs 
85.5%, P < 0.0001 for all, Fig. 6, Supplemental 
Table 7) while sequences from nonstudents (faculty/ 
staff/other) were underrepresented in all 3 cluster types 
(9.1%, 3.0%, 2.4% vs 14.5%, P < 0.0001 for all). 
Sorority/fraternity members were also overrepresented 
in all 3 cluster types (21.5%, 23.5%, 31.3% vs 18.6%, 
P = 0.00022, 0.0276, <0.0001), while sequences from 

symptomatic infections were underrepresented among 
those in HCT-only zero distance and phylogenetic clus-
ters (64.4%, 65.9% vs 75.5%, P < 0.0001 for both). 
Finally, average age at the time of infection was lower 
for sequences in all 3 cluster types compared to average 
age for all sequences (23.4, 21.3, 21.1 vs 25.1, 
P < 0.0001 for all). This difference was also observed 
when sequences from students were considered separate-
ly (21.3, 20.6, 20.6 vs 21.7, P < 0.0001 for all). Average 
ages at infection for sequences from nonstudents in all 3 
cluster types did not differ from the overall average age 
for nonstudents (44.0, 39.2, 43.2 vs 44.8, P = 0.3922, 
0.6292, and 0.2305). Results of similar analyses for 
other demographic and epidemiologic variables are 
shown in Supplemental Fig. 5.

Discussion

We studied SARS-CoV-2 cases with associated viral gen-
omic data in a large, public university population over 
the first 2 academic years of the pandemic with a focus 
on characterizing viral diversity and transmission dy-
namics. To our knowledge, this represents the largest 
survey to date of IHE SARS-CoV-2 cases with viral se-
quence data and one of the few based on data collected 
for >1 year. We found that some measures of viral diver-
sity and transmission dynamics differed between year 1, 
during which online-only instruction occurred, and year 
2, during which classes were conducted mostly in- 
person, or appeared to be impacted by the academic cal-
endar. We also observed that not all university affiliates 
were equally likely to be involved in campus-related viral 
transmission. These findings provide context for and aid 

Fig. 5. Proportion of all migration events between HCT and KC. Proportions do not add up to 100% as 
migration events including the “other” region were excluded.
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in interpretation of other studies of SARS-CoV-2 at 
IHE, particularly those with shorter study periods. 
They also can help administrators of IHE target mitiga-
tion strategies toward affiliates at highest risk of campus- 
related SARS-CoV-2 transmission.

Our study has several unique features, including 
evaluation of viral diversity on campus compared to 
the state over time. We found that clades/lineages com-
mon in the state were reliably observed within HCT 
even during year 1, when the number of samples col-
lected was relatively small. In year 2, HCT clade fre-
quencies were almost identical to statewide 
frequencies. The average delay between first observation 
of a clade or lineage on campus relative to first observa-
tion in the state was shorter during year 2 relative to year 
1. These differences may be explained by differences in 
sample size, although we hypothesize that changes in in-
fection control measures and in the virus, such as a 

return to in-person instruction, the introduction of 
more transmissible variants, and overall higher infection 
rates in year 2, also played a role. The academic calendar 
appeared to influence the relationship between viral di-
versity on campus and in the state. We saw spikes in 
the percent of WA clades/lineages represented on cam-
pus at the beginning of academic quarters in year 
2. Lineages unique to HCT or seen first in HCT were 
mostly collected at the beginning of academic quarters 
in year 2. These observations are consistent with in-
creased importation of viral diversity into the HCT 
population when students, 10% of whom are inter-
national and 15% of whom are out-of-state residents, 
were returning to campus for the start of in-person in-
struction. These patterns were not observed in year 1 
of the study when classes were held exclusively online.

Our cluster analysis suggested that campus-related 
transmission was common throughout the study period 

Fig. 6. Demographic and epidemiologic characteristics of participants who experienced reinfection and 
of those with sequenced specimens in clusters. For students, faculty and staff, asymptomatic, symptom-
atic, sorority/fraternity members, and nonmembers categories, the mid-line (x = 0) represents the per-
cent representation of that category in the whole dataset. The purple, yellow, green, and blue dots 
give the percentage difference between the frequency of that category among those who experienced 
reinfection and those with sequences in zero distance (groups of identical sequences), HCT-only zero dis-
tance (groups of identical sequences with haplotype unique to HCT), and phylogenetic clusters (groups of 
sequences that cluster phylogenetically), respectively, and its frequency in the whole dataset. Intervals 
marked by black dots connected by a bar indicate the 95% confidence interval. For the age all, age stu-
dents, and age nonstudents categories, the mid-line (x = 0) represents the average age at time of infec-
tion for all sequences, sequences from students, and sequences from nonstudents, respectively. The 
purple, yellow, green, and blue dots give the difference between the above averages and the average 
age of those who experienced reinfection and for sequences in zero distance, HCT-only zero distance, 
and phylogenetic clusters, respectively. Intervals marked by black dots connected by a bar indicate the 
95% confidence interval.
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as most specimens were closely related to at least one 
other HCT specimen. Most clusters were confined to 
a single academic quarter, but there were exceptions to 
this, suggesting some ongoing transmission among uni-
versity affiliates even during academic breaks. The clus-
ter analysis also indicated that campus transmission 
chains could persist for weeks to months despite fre-
quent lineage replacement within the SARS-CoV-2 
population. The number of clusters per academic quar-
ter was stable during year 1 and increased during year 
2. This seems to be due to the increase in the number 
of specimens collected in year 2 relative to year 1, rather 
than a change in transmission dynamics, as the percent-
age of specimens falling into clusters remained stable 
across the study period. Finally, we observed that average 
cluster size for a particular variant decreased with in-
creasing time since emergence of that variant. This is 
consistent with prior observations in WA (19) and is 
thought to be indicative of a decrease in the effective re-
production number for viral variants the longer they 
have been circulating in a population.

Transmission modeling suggested that the average 
persistence time of viral lineages on campus was 77.2 
days, providing further support for the hypothesis that 
viral transmission among university affiliates was com-
mon during the study period. Model results also sug-
gested that viral flow between KC and HCT was 
mostly into the campus population during year 1 and 
then from the campus population during year 2. This 
could be the result of spread of new viral variants 
(Delta, Omicron), the return to in-person instruction 
in year 2 with an increase in campus population relative 
to year 1, relative vaccination rates in the 2 populations 
(Supplemental Note 3), or some combination of these. 
Given that few WA sequences appeared to descend 
from HCT clusters, we were surprised that the model es-
timated a substantial number of transmission events 
from HCT to KC (estimated minimum of 130) and a 
significantly higher forward migration rate than from 
KC to HCT. Most of this difference is likely attributable 
to the vastly different population sizes of the 2 regions 
(Supplemental Note 1). Notably, the results of the mod-
eling analysis do not suggest that SARS-CoV-2 cases in 
the HCT population had a disproportionate impact on 
KC, but do indicate that nearly all HCT transmission 
chains resulted in an infection in the KC population.

While findings that viruses from students were dis-
proportionately represented in clusters and that average 
age of those with viruses in clusters was younger than 
the population average are not surprising, these results 
provide evidence to support the direction of limited infec-
tion control resources at IHE to those most likely to be 
involved in transmission chains. Studies with more de-
tailed information about participant housing, activities, 
and behaviors could help to further delineate drivers of 

this association between student status, age, and cluster 
membership to more strategically target infection control 
resources. Our results indicated that sorority/fraternity 
members were disproportionally represented in transmis-
sion clusters. Data on membership in other social groups, 
such as sport teams or clubs, were not collected by HCT 
and we are unable to comment on the impact of partici-
pation in these activities on involvement in campus- 
related viral transmission. We note, however, that unlike 
most social groups, sorority and fraternity members fre-
quently live together in communal housing, which could 
be a major driver of their risk of involvement in viral 
transmission chains. Finally, the appearance of differences 
in clustering observed for symptomatic vs asymptomatic 
cases was an unanticipated result. One possible explan-
ation is differences in behavior of the 2 groups, such as in-
creased social distancing and isolation by symptomatic 
individuals.

Limitations of our study included fluctuations in the 
collection rate of sequenced samples. We believe that the 
proportion of HCT SARS-CoV-2 cases for which a gen-
ome was generated was roughly consistent throughout the 
study period and that these fluctuations were primarily 
driven by changes in SARS-CoV-2 transmission rates 
on campus. Limiting consideration to a set number of se-
quences per unit time through subsampling would have 
permitted proportionate representation of different time-
frames within the overall study period. However, it would 
have also restricted the number of genomes used in our 
dataset, affecting our ability to describe viral diversity 
and detect putative transmission clusters. This variation 
in sampling density through time and the resulting 
over- and underrepresentation of some time periods 
should be taken into consideration when interpreting 
the results. Particularly notable is the large spike in se-
quenced samples collected from December 2021 to 
March 2022, corresponding to early Omicron transmis-
sion. Observations made about sample diversity and 
transmission dynamics during this time should not be as-
sumed to be applicable to times of lower SARS-CoV-2 in-
cidence. Limitations also included incomplete case 
identification and sampling on the university campus 
and in WA state during the study period. Additionally, 
sequence data could not be generated for all HCT cases. 
University affiliates could test outside the HCT and se-
quenced specimens from affiliates collected outside 
HCT were classified as non-HCT WA sequences. This 
reflects the broader challenge of the lack of associated 
demographic and clinical data for most SARS-CoV-2 
genomes in GISAID. This limits our understanding of re-
lationships between viral transmission and factors such as 
gender, age, race/ethnicity, symptoms, and place of resi-
dence below the level of state. Changing availability of 
genomic surveillance data over time and unequal sam-
pling across WA and the world affected the probability 
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that a case was represented by a sequence in our dataset. 
We attempted to mitigate bias in our modeling analysis 
by using spatiotemporal subsampling, which has been 
shown to improve inferential power of similar models 
(20). However, conclusions of our modeling analysis, 
and all similar modeling analyses, are limited by the fact 
that results are based on assumptions about population 
sizes and migration rates, which may be inaccurate, and 
on the input sequence set, which represents a small frac-
tion of all SARS-CoV-2 cases occurring in the 3 regions 
during the study period.

Populations of IHE have been and will continue to be 
a focus of SARS-CoV-2 research out of concern that these 
populations are prone to frequent transmission, which may 
have significant impacts on IHE and surrounding commu-
nities. Varying results have made it challenging to derive 
generalizable lessons from studies conducted in IHE. 
Here we have characterized viral diversity and transmission 
at a single IHE over 2 years to gain an understanding of 
how viral diversity and transmission dynamics at a single 
institution can vary over time. These results aid in the syn-
thesis of results from previous studies into a cohesive 
knowledge base, which is vital to the optimization of inter-
ventions to limit spread of SARS-CoV-2 and other respira-
tory viruses in IHE populations.
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