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Summary

What is already known about the topic?

After SARS-CoV-2 infection, some people will have post–COVID-19 condi-
tion (PCC). Although PCC is widely recognized as a substantial public
health problem, estimates of the prevalence of PCC are sparse.

What is added by this report?

An estimated 6.4% (95% CI, 5.9%–6.8%) of adults in Washington State
had PCC as of October 2023. The prevalence of PCC varied substantially
by county, age group, sex, and race and ethnicity.

What are the implications for public health practice?

Although the population prevalence of PCC has varied over time, it re-
mains elevated. Geographic and subgroup differences in prevalence high-
light the need for tailored approaches rather than a blanket statewide
policy.

Abstract

Introduction
After SARS-CoV-2 infection, some people will experience long-
term sequelae known as post–COVID-19 condition (PCC). Al-
though PCC is recognized as a public health problem, estimates of
the prevalence of PCC are sparse. We described a framework for
estimating the incidence and prevalence of PCC by population
subgroups and geography over time in Washington State.

Methods
We collected data on reported COVID-19 cases and hospitaliza-
tions and estimated SARS-CoV-2 infections in Washington State

from March 2020 through October 2023. The reported case data
were incorporated with parameter estimates from published art-
icles and prevalence estimates from the Household Pulse Survey
into a mathematical compartmental model of PCC progression.
The model used differential equations to describe how the popula-
tion of people with PCC moved through the model’s various
stages. This framework allowed us to integrate data on age group,
sex, race and ethnicity, vaccination status, and county to estimate
incidence and prevalence of PCC for each subgroup.

Results
Our model indicated that 6.4% (95% CI, 5.9%–6.8%) of all adults
in Washington State were experiencing PCC as of October 2023.
In addition to temporal differences in PCC prevalence and incid-
ence, we found substantial differences across age groups, race and
ethnicity, and sex. Geographic heterogeneity was pronounced,
with the highest rates of PCC in central and eastern Washington.

Conclusion
Estimation of PCC prevalence is essential for addressing PCC as a
public health problem. Responding to PCC will require continued
surveillance, research, and dedicated financial and public health
action. This analysis, accounting for heterogeneities, highlights
disparities in the prevalence, incidence, and distribution of PCC in
Washington State and can better guide awareness and response ef-
forts.

Introduction
Between its emergence in December 2019 and October 2023,
SARS-CoV-2 resulted in approximately 772 million reported
cases and 6.98 million reported deaths worldwide (1). The total
number of infections and deaths is likely substantially higher (2).
Despite nonpharmaceutical interventions, effective vaccines and
therapeutics, and naturally acquired immunity, COVID-19 re-
mains a leading cause of death in the US (3).

For people who survive SARS-CoV-2 infection, some will go on
to experience long-term sequelae, or post–COVID-19 condition
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(PCC). Rather than a single condition, PCC represents a collec-
tion of conditions and syndromes that affect almost every bodily
system and includes more than 50 different symptoms (4,5). These
new, returning, or ongoing health problems in the months after the
acute stage of COVID-19 might last for weeks, months, or years
(6,7). Although some symptoms are shared with other postviral
syndromes, multiple symptoms appear to be specific to SARS-
CoV-2 infection (8). The effects of PCC can range from mild to
severe (9).

Although the prevalence of PCC is higher among people with
severe disease and first infections, even mild cases and reinfec-
tions can lead to PCC (10,11). Because relatively minor symp-
toms often go unreported and access to testing for SARS-CoV-2 is
not universal, a portion of people with PCC might not have a con-
firmed and reported SARS-CoV-2 infection (12). Estimating the
prevalence of PCC is challenging because of the changing charac-
teristics of acute SARS-CoV-2 variants (13), the effects of vaccin-
ations and acute COVID-19 treatments (14,15), the occurrence of
reinfections, and the range of characteristics of PCC (16).

Multiple methods have been used to overcome the difficulties as-
sociated with estimating the population-level prevalence and in-
cidence of PCC, including surveys (6,7), machine learning tech-
niques (17), and statistical and mathematical modeling (18,19).
Although statistical and mathematical analyses might help over-
come some limitations, the foundation for these sophisticated ap-
proaches is accurate, timely, and complete data. To this end, the
Centers for Disease Control and Prevention (CDC) supports sur-
veillance efforts to gather point estimates of PCC prevalence and
information on how PCC affects US communities (7,16). These
efforts to generate primary data are invaluable for estimating the
effect of PCC on populations (5).

However, these estimates are available only at the state level.
Demography, the proportion of the population living in rural areas,
vaccination rates, and aspects of COVID-19 transmission (eg,
rates, mode) vary substantially on a county-by-county basis. It
may be misleading, and unhelpful, to try to apply a state average
to individual counties. Furthermore, in Washington State, health
decisions are made at the local health jurisdiction level, not the
state. To carry out actionable and useful public health interven-
tions, an understanding of the burden of PCC at the county level is
warranted.

We developed a framework for estimating the PCC burden and ap-
plied the framework to data from Washington State. We used ex-
isting COVID-19 surveillance systems and estimates from the lit-
erature to set parameters for a descriptive compartmental model of
PCC progression. This approach allowed us to extrapolate beyond
the coarse estimates provided by external surveys and produce

monthly county-specific estimates, categorized by age, sex, and
race and ethnicity. By building on preexisting studies and data
sources we can estimate both the incidence and burden of PCC
across the state at a county level. This granular information is vi-
tal for advocacy and coordinating public health action and re-
sponse in Washington State.

Methods
Descriptive compartmental model

We used a compartmental model to estimate the burden of PCC
(Figure 1). For this study, we defined burden as the incidence and
prevalence of PCC, which we specified first as a statewide value
and then by county, age group, sex, and race and ethnicity. The
use of a compartmental model and data from the Household Pulse
Survey (7) allowed us to take estimates for Washington State as a
whole and extrapolate to the county level. This project was re-
viewed by CDC and determined to be nonresearch because it was
an evaluation of a public health problem.

Figure 1. Diagram of the mathematical model for the progression of
post–COVID-19 condition (PCC). Abbreviations: bd, background death rate; H,
hospitalized; NH, nonhospitalized; R, recovered; U, unrecovered; α, the
proportion moving to the recovered compartment; β, the proportion moving to
the unrecovered compartment; ρ, the probability of a case or hospitalization
developing PCC.

This model shows how people with COVID-19 may progress to
PCC and then either recover or continue to exhibit symptoms.
Hospitalized (denoted by H) and nonhospitalized (NH) people with
PCC follow different probabilities and rates. Estimates of the re-
ported number of PCC cases among nonhospitalized people are
entered into the PCCNH compartment and estimates of PCC among
hospitalized patients are entered into the PCCH compartments.
These people are assigned to these compartments for 3 months,
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per our definition. They either progress to recovered (R) at prob-
ability αH and αNH or to the unrecovered (U) compartment at prob-
ability βH and βNH, respectively. All compartments have a back-
ground death rate (bd). This is the monthly probability of death,
unique for each age group (20). Each compartment contains mul-
tiple subcompartments (age group, sex, and race and ethnicity).
Age has 9 subcompartments (0–17, 18–29, 30–39, 40–49, 50–59,
60–69, 70–79, ≥80, and unknown); sex has 3 subcompartments
(male, female, unknown) and race and ethnicity have 6 subcom-
partments (Hispanic of any race, non-Hispanic Asian, non-
Hispanic Black, non-Hispanic White, non-Hispanic ≥2 races or
other race, and unknown). Race and ethnicity categories were spe-
cified in the Household Pulse Survey (7).

Model equations

We fit a series of differential equations to model the transitions
between the different compartments and subcompartments. This
equation represents PCC cases among nonhospitalized people and
their progression to either the recovered or unrecovered compart-
ment:

Where i is the 9 age groups, j the 3 sex categories, k the 6 race and
ethnicity groups, l the 4 vaccination categories (unvaccinated,
single dose, ≥2 doses, and unknown), and m the 40 counties (in-
cluding unknown). PCC cases leaving the compartment are
delayed for 3 months, per our definition of PCC. And where ρNH is
the probability of a person developing PCC and COVID19 Cases
is the number of cases reported to the Washington State Depart-
ment of Health and the estimated symptomatic SARS-CoV-2 in-
fections. The background death rate, bdij, the recovery rate, γNH,
the probability of recovering,  to the recovered compartment
(R) and the probability of moving to the unrecovered compart-
ment U,  control movement out of the compartment. The value
of the PCC compartment from 3 months ago, per definition of
PCC, is used.

PCC cases among hospitalized people progress to either re-
covered or unrecovered.

ρH is the probability of a person developing COVID-19, and COV-
ID19 Hospitalizations the number of COVID-19 hospitalizations

reported to the Washington State Department of Health. The trans-
ition into the U and R compartments uses previously described
parameters as follows:

.

For both these compartments, at different rates, PCC cases enter
from the hospitalized and nonhospitalized compartment and leave
through the background death rate.

Definition of PCC

PCC has multiple definitions (21). We used the definition from the
Household Pulse Survey, which is having any symptom lasting 3
months or more that was not present before having coronavirus or
COVID-19 (7). This definition does not rely on a laboratory dia-
gnosis of COVID-19.

Data from the Household Pulse Survey

The US Census Bureau, with input from multiple federal agencies,
collects information on PCC symptoms and effects through the
Household Pulse Survey (7). This survey assesses the social and
economic effects of emergent issues on US households. The
sampling pool includes 130,220,000 households, which are
sampled to produce demographically representative estimates. To
ensure statistical rigor, several weightings and adjustments are ap-
plied.

The survey provides estimates of the proportion of the population
experiencing PCC symptoms by age group, sex, race and ethni-
city, and state. We used the survey’s output of people as “The per-
centage of adults who EVER experienced post-COVID conditions
(long COVID) among those who ever had COVID” in Washing-
ton State, disaggregated by age group, sex, and race and ethnicity,
as probabilities of having PCC. The Household Pulse Survey out-
puts also contain information on the percentage of people who
have “significant activity limitations (‘yes, a lot’ response) from
long COVID, among adults who are currently experiencing long
COVID and among all adults.” We multiplied these percentages
by the model estimates for PCC to estimate the percentage of the
population that has significant activity limitations resulting from
PCC.

Reported cases, unreported cases, and
hospitalization data

Individual-level data (eg, demographic information, vaccination
status) on reported COVID-19 cases and people hospitalized with
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COVID-19 were obtained from the Washington Disease Report-
ing System, an electronic disease surveillance system. As a notifi-
able condition, COVID-19 cases are subject to mandatory report-
ing.

We calculated unreported cases of COVID-19 by using the time-
varying estimates of total SARS-CoV-2 infections, provided by
the mathematical model developed by the Institute for Disease
Modeling and used by the Washington State Department of Health
(22). This model takes into account data such as test positivity,
case and hospitalization rates, and variant-specific effects to estim-
ate overall SARS-CoV-2 infections, not just those captured by the
surveillance system. We estimated SARS-CoV-2 infections at the
state level. We subtracted the number of reported COVID-19
cases and hospitalizations from the number of estimated sympto-
matic SARS-CoV-2 infections to provide an estimate of uncoun-
ted COVID-19 cases. We multiplied the estimated number of un-
counted COVID-19 cases by the percentage of people expected to
be symptomatic (91.6% before the Omicron variant was dominant
and 74.5% when it was dominant in Washington State [January
2022 onwards]) (23,24) to estimate the number of symptomatic in-
fections not reported to the Washington Disease Reporting Sys-
tem. We assigned these uncounted COVID-19 cases to the “un-
known” subcompartments of the case data.

The Washington State Department of Health modeling group es-
timated that overall, only 20% of symptomatic infections are re-
ported, with this proportion changing substantially monthly
(Figure 2). Because of the large amount of missing information,
we calculated age group, sex, and race and ethnicity breakdowns
of model estimates as relative estimates at the final time point
(defined as October 2023) rather than the absolute prevalence. We
calculated the relative estimates of prevalence by dividing an indi-
vidual subgroup (for age, one of the age categories) prevalence es-
timate by the median value of the group (ie, all age groups). To
normalize prevalence estimates for the county-level map and heat-
map, we use the following formula:

where i represents the individual subgroup, z the normalized pre-
valence estimate, and x the group.

Figure 2. SARS-CoV-2 infections, COVID-19 cases, and COVID-19 case
ascertainment in Washington State, March 2020–October 2023. A) Estimated
number of SARS-CoV-2 infections (asymptomatic and symptomatic), estimated
number of symptomatic SARS-CoV-2 infections, and reported number of
COVID-19 cases. B) Case ascertainment calculated as the reported number of
COVID-19 cases divided by the estimated number of symptomatic SARS-CoV-2
infections. Data source: Washington Disease Reporting System.

Demographic data

We obtained data on population by race and ethnicity, age cat-
egory, and county from the Washington Office of Financial Man-
agement (25) and data on life expectancy by age from the Office
of the Insurance Commissioner of Washington State (20). In
Washington State, as of 2015, on average a person living with a
disability required $15,068 to cover annual health care costs (26).

To estimate the potential economic effect of PCC on our study
population, we multiplied the aforementioned annual health care
costs by the predicted incidence of PCC, which had been scaled
according to the Household Pulse Survey’s estimates of the per-
centage of significant activity limitations resulting from PCC.

Transition probabilities and rates

To approximate the prevalence estimates provided by the House-
hold Pulse Survey, we used the least-squares method in the op-
timr R package (27) to fit 4 parameters: 1) the recovery rate for
people with nonhospitalized PCC, 2) the multiplier applied to
provide the recovery rate for people hospitalized with PCC, 3) the
proportion of nonhospitalized PCC cases that move to the unre-
covered compartment, and 4) the proportion of hospitalized PCC
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cases that move to the unrecovered compartment. We obtained
data on the proportions of the population with PCC by age group,
sex, and race and ethnicity from the Household Pulse Survey (7).
Of 1,878,575 records of COVID-19 as of October 31, 2023, in the
Washington Disease Reporting System, 1,310 (0.07%) were miss-
ing data on age, 44,711 (2.4%) on sex, and 818,374 (43.6%) on
race and ethnicity. Of 78,293 hospitalizations, 21 (0.03%) were
missing data on age, 885 (1.1%) on sex, and 46,006 (58.8%) on
race and ethnicity. Where information was missing, we assigned
the median probability of developing PCC from the Household
Pulse Survey. The probabilities provided by the Household Pulse
Survey do not include people aged younger than 18 years. To es-
timate PCC incidence and prevalence among people younger than
18 years, we used the median probability of all age groups for ex-
periencing PCC.

Because of the large uncertainties in multiple parameters, we in-
corporated parameter sampling into model iterations: we took the
median value from the data, or fitting result, and sampled from
values 25% smaller and larger than the median value (https://
github.com/arranhamlet/long_covid_paper). We used these values
in a Latin hypercube sampling (LHS), which allowed us to gener-
ate near-random samples of parameter values from a multidimen-
sional distribution. We repeated this process 100 times to generate
a broad measure of uncertainty in predictions, given variations in
selected parameters. We then calculated the mean (95% CIs) of all
LHS parameterization runs.

Statistical analysis

We conducted our analysis in R programming language and used
Odin to code the mathematical model (28). All data and code re-
quired to run our analysis and produce figures are provided at
https://github.com/arranhamlet/Long_covid_paper. This github re-
pository contains walk-through examples of how to fit and run the
model, produce plots, and analyze results.

Results
Model predictions approximate external
benchmarks

Model predictions of the prevalence of PCC among people aged
18 years or older in the general population in Washington State
closely approximated the point prevalence estimates provided by
the Household Pulse Survey to which they were fit (Figure 3A).
Prevalence gradually increased during the study period, at differ-
ent rates, dependent on COVID-19 incidence and pre-Omicron
and post-Omicron periods, peaking in February 2023 at 8.6%
(95% CI, 8.3%–8.8%). This prevalence fluctuated and remained

elevated, with the latest estimate, in October 2023, indicating that
6.4% (95% CI, 5.9%–6.8%) of all adults in Washington State were
experiencing PCC.

Figure 3. Prevalence and incidence of post–COVID-19 condition (PCC) among
adults aged 18 years or older in Washington State, January 2020–October
2023. A) Model predictions (solid blue line) and Household Pulse Survey
estimates (black circles) of PCC prevalence. Blue shading and error bars
indicate 95% CIs. B) Estimated monthly incidence of PCC, in thousands.
Shading indicates 95% CIs.

The incidence of PCC (Figure 3B) varied during the study period,
peaking in January 2022 with a monthly incidence of more than
143,000 (95% CI, 139,000–147,000) new cases. The incidence de-
creased to a relatively low level, corresponding with a decreasing
number of COVID-19 cases, with 5,500 (95% CI 4,900–6,000)
new cases estimated in October 2023.

We estimated that 117,000 (95% CI, 67,000–182,000) of the adult
population in Washington State had significant activity limita-
tions because of PCC. This represents $1,762,956,000 (95% CI,
$1,009,556,000–$2,742,376,000) in health care costs associated
with PCC each year in Washington State.

Substantial heterogeneity in PCC prevalence across
age, sex, and race and ethnicity

Estimates of PCC prevalence were heterogeneous across subcat-
egories in October 2023 (Figure 4). By age, the estimated relative
prevalence of PCC, relative to the median, was highest among
adults aged 18 to 29 years (133.3%; 95% CI, 120.1%–146.6%), 30
to 39 years (138.7%; 95% CI, 124.9%–152.6%), and 40 to 49
years (147.2%; 95% CI, 132.7%–161.7%) and lowest among
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people aged 60 to 69 years (72.5%; 95% CI, 65.1%–79.9%), 70 to
79 years (58.5%; 95% CI, 51.6%–65.3%), and 80 years or older
(76.7%; 95% CI, 66.3%–87.2%). By sex, females were substan-
tially more likely than males to have PCC in October 2023. The
estimated relative prevalence of PCC, relative to the median, was
120.8% (95% CI, 109.0%–132.7%) among females and 79.2%
(95% CI, 71.2%–87.1%) among males. By race and ethnicity, dif-
ferences in the estimated relative prevalence of PCC were pro-
nounced. The relative prevalence was lowest among people identi-
fying as non-Hispanic Asian (52.4%; 95% CI, 45.8%–58.9%) and
highest among people identifying as non-Hispanic Black (138.2%;
95% CI, 123.0%–153.3%) or Hispanic of any race (150.6%; 95%
CI, 136.0%–165.2%).

Figure 4. Estimated relative prevalence of post–COVID-19 condition, relative
to the median, by sex, race and ethnicity, and age group among adults aged
18 years or older in Washington State in October 2023. The red dashed line
indicates a prevalence ratio of 100% (no difference from the median
prevalence). Error bars indicate 95% CIs.

Estimated relative prevalence of PCC by county

The normalized prevalence (on a scale of 0–1) allowed us to com-
pare prevalence values across counties and periods (Figure 5). In
October 2023, central Washington had the highest normalized pre-
valence in the state (Figure 5A). These trends remained relatively
stable during the study period (Figure 5B).

Figure 5. Estimated relative prevalence of post–COVID-19 condition (PCC), by
county, Washington State. A) Map of the normalized prevalence of PCC in
October 2023. B) Heatmap of counties normalized prevalence over time. The
heatmap normalized prevalence values are specific to each time point to
emphasize which counties at each time point were experiencing the highest
PCC prevalence. Normalized prevalence is the prevalence recalculated on a 0-
1 scale where 0 indicates the lowest prevalence and 1 the highest prevalence
across all counties.

Discussion
We estimated that the prevalence of PCC among adults in Wash-
ington State was substantial as of October 2023, despite a reduc-
tion in COVID-19 cases during our study period. Although PCC
prevalence varied over time and was lower in October 2023 than
its peak in early 2022, it remained elevated. This persistent trend,
which continued after the dominance of Omicron variants (13) and
a decrease in levels of viral transmission, suggests that PCC will
continue to have a substantial effect on the population in Washing-
ton State.

Heterogeneity in estimated PCC prevalence by subgroup was
stark. Women, people aged 18 to 49 years, and people self-
identifying as non-Hispanic Black or Hispanic appeared to have an
elevated risk for PCC. These disparities do not necessarily indic-
ate a biological difference and instead may represent generalized
differences in socioeconomic determinants of health (29).

Individual demographic characteristics were not the only factors
associated with PCC prevalence. Counties had substantially differ-
ent patterns of PCC burden. Interventions and adherence to meas-
ures designed to reduce the spread of SARS-CoV-2 varied sub-
stantially among counties. Survivorship bias might also explain
some of the differential burden of PCC. The lower relative preval-
ence of PCC among men and older age groups might have resul-
ted from the association between these factors (age and sex) and
death or care seeking (30,31). However, survivorship bias and
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trends in care seeking would not explain the trends we found
among younger age groups or across racial and ethnic groups and
is unlikely to have been the determining factors in the patterns we
observed.

No single factor can explain the complicated mosaic of PCC bur-
den in Washington State, but by incorporating each factor in our
approach, we have a first glimpse into understanding it. Although
we were unable to estimate the absolute prevalence and incidence
of PCC in each subgroup, we did estimate relative burden, which
will allow us to direct and prioritize further studies and interven-
tions. This limitation (only being able to calculate relative rather
than absolute prevalence) occurs because approximately 80% of
symptomatic infections are not reported in the Washington State
Department of Health surveillance system (22). By using estim-
ates of unreported COVID-19 cases, we accounted for this surveil-
lance gap. However, we did not have any information on these un-
reported symptomatic infections by age group, sex, race and ethni-
city, or vaccination status. In our calculations of the relative pre-
valence estimates, if data for subgroups were missing at random
and correlated with the true values, then the missing data will not
have unduly biased our results. However, if the missing data were
not random, then we may have propagated this bias through to our
results. For example, to be counted as a confirmed COVID-19
case, a positive SARS-CoV-2 test is needed. However, differ-
ences in testing rates by race and ethnicity (32) may have led us to
systematically underestimate or overestimate the true effect of
PCC on certain groups. In addition., assigning the median value of
a parameter (eg, age group, sex, race and ethnicity) in the absence
of known subgroup information might have biased our results. For
people aged younger than 18 years, the Household Pulse Survey
does not collect information on PCC. Although some literature
suggests that children are less likely than older age groups to de-
velop PCC (33,34), in the absence of a quantified and comparable
risk to other age groups in the Household Pulse Survey, we as-
signed the median value as the most parsimonious approach.

The use of mathematical modeling here allowed us to extrapolate
beyond the available data and explicitly state our simplifications
and assumptions in a logical framework. However, a model is only
as good as the data on which it is based. Inaccuracies and biases in
the data and the assumptions made in the model formulation carry
forward into results. Although mathematical modeling is an im-
portant tool in public health decision making, it serves to enhance,
not replace, the collection and interpretation of high-quality data.

To compensate for the shortcomings of the data and the general
uncertainty about parameters, we used the LHS approach. This ap-
proach — taking a wide distribution of parameter values around a

central mean — introduced robustness to model estimates. Be-
cause our results already accounted for a range of parameter val-
ues and variation, changes to individual parameters would have a
minimal effect on the magnitude or direction of our results.

Limitations

A limitation of our study was the inability to use independent data
to assess the model fit data. No estimates of PCC prevalence in
Washington State are available other than estimates provided by
the Household Pulse Survey. However, even when estimates of
PCC prevalence exist, there are problems with comparison. Re-
search on PCC is at an early stage, and a comprehensive under-
standing is needed of what PCC encompasses and its underlying
mechanisms (5). Early research has resulted in multiple defini-
tions and approaches (21). Definitions differ on PCC symptoms,
how symptoms change over time, and how long they are experi-
enced, and differences will likely persist as we learn more. Al-
though alternative indicators of the effects of PCC might emerge
(eg, effect on the workforce and disability claims), we have been
unable to find representative data sets to compare model outputs.
However, should alternative data sources become available, the
framework described here allows for their easy implementation.

Although our model accounted for numerous factors that have
been shown to influence the probability of developing PCC, be-
cause of the inherent limitations of working in a new and expand-
ing field, we cannot account for all of them. Evidence exists of
multiple aspects that might change a person’s risk for PCC, in-
cluding reinfection (11) and preexisting conditions (5) that we
have not been able to include for lack of data. Similar problems
exist in the designation of our subgroups, particularly with data on
race and ethnicity, which we acknowledge is a social construct
that often represents a coarse aggregation of a diverse population.
Additionally, although we included a pre-Omicron and post-
Omicron change in the proportion of symptomatic infections and
the probability of developing PCC, this inclusion did not fully cap-
ture the diversity of variants experienced. The omission of these
factors might affect the overall and subgroup model estimates.
However, in the absence of either individual-level data or paramet-
er estimates from literature, we were unable to account for these
factors.

Conclusion

The estimation of PCC prevalence is an important first step in un-
derstanding the effects of PCC as a public health problem.
However, work still needs to be done to translate this prevalence
into the effects felt by the population. Although long-term disabil-
ity appears to occur in only a minority of people with PCC, the
number of PCC cases means that PCC could impose a consider-
able burden on the health care system. The effects of PCC have
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both social and financial costs. In addition to the direct health care
costs of managing PCC, indirect costs are also incurred. An estim-
ated 56% of persons with PCC who previously worked had either
reduced their hours or were unemployed (35). Our study, by ac-
counting for heterogeneous subgroups and geographies, aimed to
highlight disparities in effects across Washingtons State to guide
awareness and relief efforts.

We are still in the early stages of understanding the long-term im-
plications of SARS-CoV-2 infection and PCC. Although prom-
ising therapeutic treatments are on the horizon (5), much must be
done to understand the underlying mechanisms of PCC, identify
groups at risk of PCC, and develop effective interventions to alle-
viate the burden of PCC.
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