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Abstract

Background While coronavirus disease 2019 (COVID-19) vaccines have high rates of efficacy, fully vaccinated individuals
can become infected with COVID-19. Among this population, symptoms tend to be less severe and shorter lasting. Less is
known about how vaccinated individuals who contract COVID-19 experience the disease through patient-reported outcomes
(PROs) and how this changes over time.

Objective The aim of this study was to describe the physical, mental, and social health PROs for fully vaccinated individuals
who contracted COVID-19 over a 6-week period.

Design Prospective design using the Patient-Reported Outcomes Measurement Information System short-form (PROMIS-10)
collected through a mobile application-based platform.

Participant 1114 fully vaccinated patients who tested positive for COVID-19 at a large US health system and engaged with
the study on or after 1 March 2021 and reported onset of illness prior to 1 November 2021.

Main Measures Global physical and mental health PROMIS-10 T-scores for the 6-week period, component PROMIS-10
questions for the 6-week period, and component PROMIS-10 questions restricted to a subset of participants for the first
month to measure individual recovery were analyzed.

Key Results Mean global physical and mental health T-scores increased over time and remained within one standard deviation
of the population mean. At baseline, at least 40% of participants reported good health for all component questions except
Fatigue (25%), and the proportion reporting good health increased over time for all questions, with the largest improvements
in Fatigue (25.5 to 67.5%), Pain (59.1 to 82.8%), and Emotional Problems (42.3 to 62.5%). Over the first month, the greatest
positive changes in individual recovery were observed for Fatigue (65.0%), Pain (53.0%), and Emotional Problems (41.1%);
at least 30% of respondents reported no change in at least one category, and the greatest decreases were for Usual Social
Activities (23.9%), Social Satisfaction (23.2%), and Mental Health (21.8%).

Conclusions This study provides an important step towards better understanding the impact of ‘breakthrough’ COVID-19
infections on clinically engaged, fully vaccinated patients’ physical and mental health to improve support for their treatment
and recovery.
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Global physical and mental health scores for fully
vaccinated patients infected with coronavirus disease
2019 (COVID-19) increased over a 6-week period but
remained within one standard deviation of the population
mean during this time.

At least 40% of patients with ‘breakthrough’ COVID-

19 infections reported good health at baseline for their
physical and mental health in all domains except Fatigue,
which was much lower, and all domains improved over
time, although recovery was reported to different degrees
in different domains.

Patients’ individual recovery trajectories over the first
month varied by domain; patients experienced the great-
est improvements in Fatigue, Pain, and Emotional Prob-
lems, and the largest declines in Usual Social Activities,
Social Satisfaction, and Mental Health; patients who
experienced no change over this time generally had
PROs that skewed towards more stable good health.

1 Introduction

As of February 2022, over 70 million people in the United
States (US) have been infected with coronavirus disease
2019 (COVID-19) and over 400 million people have been
infected worldwide [1, 2]. COVID-19 vaccine development
and distribution has been a central strategy to combat the
spread and deadly consequences of infection. Extensive data
on COVID-19 vaccines, including mRNA-based (Elaso-
meran: Moderna, and Tozinameran: Pfizer-BioNTech) and
viral vector platforms (JNJ-78436735: Janssen Pharmaceu-
ticals Companies of Johnson & Johnson), have demonstrated
safety and significant effectiveness in preventing sympto-
matic infection, severe disease, and hospitalization in clini-
cal trials [3-5].

Over 212 million people in the US have been fully vacci-
nated [6], defined here as receiving two doses of the mRNA
vaccines or one dose of the viral vector vaccine. Since vac-
cine roll-out, research in the real-world setting has evalu-
ated vaccine effectiveness and demonstrated similar results
to clinical trials [7-9]. For example, a Kaiser Permanente
Health System study that examined vaccine effectiveness
over 6 months showed a vaccine efficacy against COVID-
19 infection of 73% and a reduction of COVID-19-related
hospitalizations of 90% after adjusting for previous health
care utilization, prior vaccination behavior, demographics,
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comorbidities, and neighborhood-level socioeconomic sta-
tus [10]. Multiple other studies have shown similar effects
across different populations and demographics [11, 12].

While vaccine effectiveness is clear, so-called ‘break-
through’ COVID-19 infections do occur in vaccinated
populations. Research has found differences in COVID-
19 symptoms and symptom duration for vaccinated and
non-vaccinated individuals. A study of healthcare workers
showed that COVID-19 cases among vaccinated participants
were associated with lower mean viral load, reduced risk
of febrile symptoms, and shorter (approximately 2.3 days)
illness [13]. Additionally, in the UK, one study found that
vaccination was associated with reduced odds of almost
all 23 symptoms measured, as well as reduced odds of a
symptom lasting longer than 28 days [14]. While vaccinated
patients tend to have less severe and shorter-lasting symp-
toms compared with unvaccinated individuals, relatively lit-
tle is known about the patient-reported outcomes (PROs) for
vaccinated individuals who do contract COVID-19.

PROs are important to delivering high-quality clinical
care as they measure perceived functional well-being as
well as physical and emotional health status directly from
the patient [15, 16]. A handful of studies have examined
PROs for COVID-19 and shown impacts on outcomes such
as pain, fatigue, ability to participate in social activities,
quality of life, and mood [17, 18]. This research shows how
COVID-19 can impact PROs, but less is known about PROs
for vaccinated COVID-19 patients with symptomatic infec-
tion. Furthermore, existing research on PROs for individuals
with COVID-19 have generally been limited to those requir-
ing hospitalization, been retrospective, and have often been
limited to only one timepoint [17, 19-23]. More research
is needed to understand PROs and COVID-19 experiences,
especially how they change over time for vaccinated patients
who contract COVID-19.

In this study, we leverage the ongoing My COVID Diary
(MCD) study based out of Providence St. Joseph Health
(Providence), a large integrated US health system that
spans seven states. MCD uses a mobile application (app)-
based platform to provide participants with structured ques-
tionnaires and the opportunity to share open-ended text
responses to prospectively monitor the patient experience for
individuals infected with COVID-19. The goal of this study
was to understand and describe the physical, mental, and
social health and well-being for fully vaccinated individuals
who contracted COVID-19 over a 6-week period. This study
contributes to our understanding of COVID-19 infection by
increasing knowledge of the experience of breakthrough
infections and providing insight for clinicians and health
systems to better manage care for COVID-19 patients.
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2 Methods
2.1 Study Population

MCD is offered across Providence’s seven-state footprint
(Alaska, Oregon, Washington, California, Montana, New
Mexico, and Texas). Since August 2020, any patient aged
> 18 years testing positive for COVID-19 at a Providence
location receives a text inviting them to participate; up to

three attempts are made before exiting them from the pro-
tocol. If participants consent, they use a mobile e-consent
platform (Twistle) to sign up, and are asked to participate for
up to 1 year. Enrollment is ongoing, but an average of 12% of
those who were sent a message have enrolled. Patients who
test positive for COVID-19 outside the Providence system
are not eligible to participate in MCD. The full study proto-
col was approved by Providence St. Joseph Health Institu-
tional Review Board (IRB# 2020000467).

Fig. 1 Study sample flow dia-
gram. MCD My COVID Diary,
COVID-19 coronavirus disease
2019

Invited to participate in MCD
during study window
39,100*

Did not respond / non-consent

\ 4

35,868

3,232

Participating in MCD during
study window

Excluded (Less than two vaccinations)

\ 4

2,095

1,137

Received two vaccinations

Excluded (COVID-19 infection within two

\ 4

weeks of last vaccination)
23

1,114

Final Study Population

*Total invited during the study window calculated retrospectively
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Our study population focuses on fully vaccinated par-
ticipants who were infected with COVID-19 (Fig. 1). As of
March 2021, new MCD participants were asked about their
vaccination status, including vaccination dates and number
of doses; thus, we consider March 2021 as the study onset.
To obtain this population, we first identified MCD partici-
pants who reported receiving two doses of vaccine (vaccine
type was not tracked in the platform, therefore participants
who received the single dose Johnson & Johnson vaccine
were ultimately excluded from the study). At the time of this
study, vaccine booster doses were not yet widely approved;
therefore, booster status was not considered in identifying
the study population. Next, we excluded any individuals
whose COVID-19 infection occurred within 2 weeks of their
last-needed vaccine dose. Finally, participants had to have
at least one response to the PROMIS-10 survey (Patient-
Reported Outcomes Measurement Information System), the
structured PRO questionnaire administered through the plat-
form. The final sample size was 1114 participants who first
engaged with MCD on or after 1 March 2021 and reported
onset of illness prior to 1 November 2021. The majority
of infection dates occurred in August—October (data not
shown).

2.2 Data Collection

All data were collected electronically via the mobile app-
based platform. At enrollment, details on demographics and
infection onset were collected. During their first 6 weeks,
participants received weekly prompts to respond to struc-
tured surveys. This included the PROMIS-10 (a validated
10-item survey designed to assess PROs for physical, men-
tal, and social health and well-being) [16] and questions
about whether they have been to the hospital or emergency
department (ED) for COVID-19 in the past 2 days. The plat-
form collected additional information not used in this study.

2.3 Data and Analysis

Data were exported from the platform for cleaning and anal-
ysis. Demographic variables were categorized for descrip-
tive analysis. MCD engagement was analyzed by tabulation
of unique patients responding within each weekly interval.
All survey responses were grouped by individual patient by
week, indicating time from infection onset, beginning with
‘Sick Week 1’ representing the first 7 days following infec-
tion (i.e., response week was counted from the reported date
a patient’s symptoms started, not their enrollment date). All
statistical analysis of patient demographics and PROMIS-10
data was performed using R Statistical Software version
4.0.2 and R Studio version 1.3.1093 (The R Foundation for
Statistical Computing, Vienna, Austria).
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PROMIS-10 survey responses were used to compute a
Global Physical Health T-score and a Global Mental Health
T-score for each 1-week period. T-score metrics are com-
monly used for PROMIS-10; a score of 50 represents the
general population mean and a 10-point difference repre-
sents one standard deviation from that mean, with higher
scores representing better functional health and a difference
of at least half a standard deviation (5 points) considered
clinically meaningful [24, 25]. Global Physical and Mental
Health PROMIS-10 scores were summarized statistically
and differences in means across demographic categories
were evaluated to determine if certain groups were at more
risk for adverse outcomes than others. To explore overall
trends of Global T-scores over time, we constructed den-
sity plots of T-scores for the study population at weeks 2,
4, and 6, which were compared with the reference T-score
distributions.

Results from individual PROMIS-10 component ques-
tions were also analyzed at each week. Component questions
assess the following aspects of both physical and mental
health: Physical Health, Mental Health, General Health,
Emotional Problems, Everyday Physical Activities, Usual
Social Activities, Fatigue, Quality of Life, Pain, and Social
Satisfaction. PROMIS-10 questions were reported on a
scale of 1-5 except for Pain, which was rated on a scale of
0-10 but recoded to the 1-5 scale for analysis. Low scores
(< 3) are considered to be associated with poor health, and
high scores (> 3) are considered to be associated with good
health [25-27]. The proportion of patients reporting favora-
ble health (score > 3) was computed for each question, and
trends over time were explored using time-series analysis.
Error bands for trends were computed using the standard
error for a proportion based on the number of patients
responding within each week.

To investigate the recovery experience reported by
individual patients during approximately the first month
of infection, change in PROMIS-10 scores was computed
and analyzed over time. For this analysis, the study popula-
tion was restricted to participants who reported a first score
within 2 weeks following infection and at least one score
during the fourth or fifth week following infection (n = 591).
Each patient’s first reported score for each question was used
as a baseline score (representing their PROs at the beginning
of their COVID-19 infection), and the difference between
baseline and their week 4 or 5 score was calculated for
each question. The distribution of change in score was then
summarized for each question as proportions of the study
population.
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Table 1 Sample demographics (N = 1114)

Characteristic

Age at initiation (mean [SD]) 51.6 [16.2]
Time from vaccine to infection, in weeks (mean [SD]) 22.1[8.4]
Age, years

18-29 107 (9.6)
3049 396 (35.5)
50-64 315 (28.3)
65+ 296 (26.6)
Sex

Female 735 (66.0)
Male 379 (34.0)
Race/ethnicity

Asian 31(2.8)
Black 20 (1.8)
Hispanic/Latino 98 (8.8)
Multiracial 46 (4.1)
White 879 (78.9)
Unknown/other 40 (3.6)
Hospitalization or ED visit 344 (30.9)

Data are expressed as n (%) unless otherwise specified

SD standard deviation, ED Emergency Department

3 Results
3.1 Participants

Participant characteristics are shown in Table 1. The study
population was predominantly female (66.0%) and White
(78.9%) and was evenly distributed between over and under
50 years of age. Approximately 30% of the study participants
reported either hospitalization or an ED visit due to COVID-
19 during the study window. The average time from last dose
of vaccine to infection was 22.1 weeks.

Overall response rates declined from a maximum 934 at
Week 2 to 424 at Week 6 (Table 2), representing 84% of the
study population at our peak response rate and 38% of the
study population at 6 weeks (accounting for participants who
joined the study later and whose sixth week occurred outside
the study window). In general, more people responded each

week who reported female sex, were aged > 50 years, and
did not have a visit to the ED or hospital; however, this pat-
tern aligns with the demographic characteristics of the study
population overall.

3.2 Patient-Reported Outcomes Measurement
Information System (PROMIS-10) T-Scores

Comparison of reported baseline Global Physical and Men-
tal Health at Week 2 found only small differences in scores
between demographic subgroups. Average scores were
slightly lower for female participants for both Physical and
Mental Health, and for Mental Health for participants under
50 years of age, however all differences in means between
the sex and age groups were < (.5 standard deviations (SDs)
of the references’ T-score distributions and were not consid-
ered clinically significant. Participants who reported having
been hospitalized or having visited the ED for COVID-19
reported significantly lower scores for Physical Health at
Week 2 compared with those who did not (42.9 vs. 47.9,
95% confidence interval [CI] 3.5-6.1). For complete results,
please see the Appendix (Table 3).

Density plots of Global Physical and Mental Health
T-scores are shown for Weeks 2, 4, and 6 (Fig. 2). Each
density plot is annotated with the mean score for the given
time period (vertical dashed line) and the standard T-score
distribution for the general population is overlayed on each
graph (dashed curve). Mean Global Health T-scores gen-
erally increased over time for both physical and mental
health but remained within one SD of the population mean
throughout. Over the full 6-week period, the distribution
of Global Physical Health T-scores shifted rightward with
the mean approaching and then exceeding the mean of the
symmetric standard T-score distribution, and with the right
tail shortening and the left tail lengthening over time (Fig. 2,
left). A similar effect is seen in the density plots of Global
Mental Health T-scores with a notable bump in the right tail
in the latter timepoints (note the sample size is smaller at this
time period) [Fig. 2, right].

Table 2 Response rate by

A Characteristic Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
characteristic
Overall (N =1114) 584 (52) 934 (84) 756 (68) 588 (53) 432 (39) 424 (38)
Female 368 (63) 613 (66) 499 (66) 388 (66) 279 (65) 277 (65)
Male 216 (37) 321 (34) 257 (34) 200 (34) 153 (35) 147 (35)
Hospitalization or ED visit 172 (29) 291 (31) 264 (35) 203 (35) 157 (36) 158 (37)
Age >50 years 292 (50) 526 (56) 468 (62) 384 (65) 288 (67) 286 (67)

Data are expressed as n (%)

A\ Adis



K.Vartanian et al.

a
0.06
Week 2
0.03 n=934
0.00
0.06
>
b=
7] Week 4
S o003 n=588
=]
0.00
0.06
Week 6
0.03 n=424
0.00

20 30 40 50 60 70
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Fig.2 Distributions of (a) Global Physical and (b) Mental Health
PROMIS-10 scores reported by MCD participants in Weeks 2, 4,
and 6 (solid curves). Vertical dashed lines indicate the mean reported
score for the given week, and dashed curves represent the standard

3.3 PROMIS-10 Component Scores

Figure 3 shows trend lines of the percentage of partici-
pants responding each week who reported a PROMIS-10
score of 4 or 5 (good health) for each component question.
Shaded bands around the trendlines represent the stand-
ard error of a proportion based on the response rate each
week. At least 40% of participants responding in Week 1
reported baseline scores of 4 or 5 for all questions except for
Fatigue (25.5%). Everyday Physical Activities started with
the highest percentage with favorable responses (70.9%).
Regardless of baseline scores, proportions increased over
time for all questions; however, the increase was more dra-
matic for Fatigue (25.5 to 67.5%), Pain (59.1 to 82.8%), and
Emotional Problems (42.3 to 62.5%) over the first 4 weeks,
before stabilizing.

Figure 4 shows the change in PROMIS-10 scores over
time for a subset of participants (n = 591) who reported a
score within 2 weeks following infection and reported at
least one score during the fourth or fifth week following
infection. For each question, the shades in the associated
horizontal bar show the relative proportion of participants
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T-score distribution (mean of 50 and standard deviation of 10) for
PROMIS measures on a reference population. PROMIS Patient-
Reported Outcomes Measurement Information System, MCD My
COVID Diary

reporting the respective change in score. The three questions
with the greatest positive change were Fatigue (65.0% > 0),
Pain (53.0% > 0), and Emotional Problems (41.1% >0),
while the three questions with the greatest negative change
were Usual Social Activities (23.9% < 0), Social Satisfaction
(23.2% <0), and Mental Health (21.8% <0).

For most components, at least 30% of respondents
reported no change over the 1-month period (ranging
from 30.5% for Fatigue to 52.6% for Everyday Physical
Activities). We examined the distribution of their scores to
understand if those reporting no change were maintaining
generally good or bad health over the first month. Results
show that the distributions of responses for all PROMIS-10
categories, except Fatigue, skewed more towards favorable
responses (Fig. 5).

4 Discussion
To better understand the self-reported experience of clinical

breakthrough COVID-19 infections, the present study used
a prospective design to describe PROs for fully vaccinated
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Fig.4 Percentage of patients reporting change in PROMIS-10 com-
ponent scores from Week 1 to Week 5. Darker colors represent an
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Change in Score
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+1
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Percent of Patients responding in Weeks 1-5 (n=591)

sent a decrease in score (less favorable). PROMIS Patient-Reported
Outcomes Measurement Information System

increase in score (more favorable outcome), and lighter colors repre-

COVID-19 patients for 6 weeks following infection. To our
knowledge, few existing studies use a prospective design and
longitudinal data to examine PROs of individuals infected

with COVID-19 [18, 19, 28], and even fewer include fully
vaccinated individuals’ experiences [29]. We observed
a general increase in mean PROMIS-10 Global Health
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Fig.5 Distributions of

PROMIS-10 component scores 50%
for participants who reported no 40%
change over the first 5 weeks of 30%
infection (n = 591). PROMIS <
Patient-Reported Outcomes 20%
Measurement Information 10%

System
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T-scores over time for both Physical and Mental Health.
When examining PROMIS-10 component questions, at least
40% of patients responding in Week 1 reported good health
for all questions except Fatigue, for which only 25% reported
good health. Regardless of baseline scores, proportions of
patients reporting good health increased over time for all
component questions. While the observed increase was mod-
erate for most questions, it was dramatic for Fatigue, Pain,
and Emotional Problems. For a subset of participants, we
also examined how their responses changed over the first
month following infection. All categories showed improve-
ments, with the greatest percentage of patients reporting
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improvement in Fatigue, Pain, and Emotional Problems.
The greatest percentages reporting declines were in Usual
Social Activities, Social Satisfaction, and Mental Health.
When no change was observed, scores skewed towards more
favorable responses.

Existing research on unvaccinated COVID-19 patients
in outpatient settings follow similar trends, where patients
reported improved perceptions of their health and their
ability to return to usual activities over 4 weeks, although
nearly one-third of patients still had not yet returned to their
usual health at this time [28, 30]. Research on vaccinated
patients has found even shorter recovery times on average,
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with 86% of patients reporting a return to usual activities
and 76% reporting a return to usual health within 14 days
[29]. In comparison with research on hospitalization rates
for COVID-19 and on impacts of vaccination on COVID-
19 hospitalization, the vaccinated population engaged in
this study had a higher-than-expected proportion of ED or
hospital visits related to their COVID-19 infection (31%)
[4, 31]. This suggests that MCD participation might be cor-
related with greater likelihood of experiencing COVID-19
symptoms. This is not surprising as all patients invited to
participate in MCD were tested in either an acute or outpa-
tient hospital setting. Thus, the PROs presented in this study
likely describe a more symptomatic or clinically engaged
‘breakthrough’ COVID-19 infection, which is important
knowledge for clinicians caring for vaccinated patients who
do have symptomatic disease.

Our data show that the average Physical and Mental
Health T-scores remained within one SD of the general
population mean, suggesting potentially mild impairment
on average that improved over time. However, the density
plots clearly show that a small portion of T-scores fell below
one SD, indicating that some vaccinated individuals report
greater physical and mental health deficits during COVID-19
infection and these deficits can last several weeks after infec-
tion. Participants’ general physical and mental health prior to
COVID-19 infection is unknown, which would also impact
this distribution and interpretation. In general, a PROMIS-10
Global T-score between one and two SDs below the mean
indicates moderate symptoms/impairment, and more than
two SDs means more severe symptoms/impairment [16, 32].
While cut-offs for clinically meaningful changes in PROMIS
scores have not yet been calibrated specifically for COVID-
19, generally a shift of 5 points (or 0.5 SDs) is considered
clinically meaningful [24, 25, 33]. Some papers have used
the threshold of a two- to six-point difference in scores to
represent a clinically meaningful change [34]. A handful
of studies have measured PROMIS scores in COVID-19
populations, but these early studies are varied based on
the population studied, the duration, and the specific focus
area [23, 33, 35, 36]. One study that examined changes in
PROMIS-10 collected during ambulatory care visits before
and after COVID-19 infection found one-quarter of patients
had worsening PROMIS-10 Global T-scores over time in the
months after their COVID-19 diagnoses [33]. Another study
that focused on hospitalized COVID-19 patients six months
after discharge reported physical and mental health T-scores
of 45.2 and 47.4, respectively [36]. COVID-19 patients who
required oxygen reported global physical and mental health
T-scores of 43.8 and 47.3, respectively, 1 month after dis-
charge [23]. These studies show the impact that COVID-19
infection can have on patients’ lives even after acute infec-
tion, as measured by patient-reported physical and mental
health global PROMIS-10 scores; our study expands on this

by describing these scores for clinical cases of vaccinated
patients infected with COVID-19 and shows how physical
and mental health can be impacted.

When examining specific component questions, Fatigue
had the greatest initial deficit, with only 25.5% of patients
reporting good scores (> 3). However, positive responses
to the Fatigue question showed the most rapid increase and
negative responses had the smallest proportion of decrease
among individual respondents over the first 4-5 weeks of
infection. Interestingly, studies on long-term COVID-19 that
examine symptoms at different timepoints show that fatigue
is one of the most persistent symptoms [17, 21, 22]. While
the data reported in this study show rapid improvement in
fatigue over the first 4 weeks, after that time the increase
tapers off. These results suggest that vaccination might limit
long-term symptoms of fatigue but, for a small portion,
fatigue may be a protracted symptom of COVID-19 infec-
tion. More research is needed to understand the potential
long-term impacts, particularly research driven by patients
experiencing protracted symptoms that centers their experi-
ences and priorities [37].

Although our overall results show more participants
reporting improving global Mental Health scores over
time, questions for which the greatest proportion of patients
reported a decline over the first 5 weeks were Usual Social
Activities, Social Satisfaction, and Mental Health. It is
important to note that an even larger proportion of this popu-
lation saw improvements in these outcomes over that period.
However, these data surface the mental and social impacts
of COVID-19 infection that may affect some vaccinated
individuals. Other research has captured the high mental
health burden associated with COVID-19 infection, such
as depression, anxiety, stress, panic attacks, and irrational
anger, among others [38]. These mental health challenges
are impacted by various factors; one of which is the per-
ceived likelihood of survival due to infection severity [38].
While vaccination substantially increases the likelihood of
survival, this study furthers our understanding of the mental
health impacts of COVID-19 by focusing on the vaccinated
population and recognizing that vaccinated patients can also
experience mental health challenges.

MCD is still enrolling COVID-19 patients and collecting
longitudinal PROs and narrative journal entries for up to
1 year. We plan to leverage these data to continue to explore
the COVID-19 experience in the short- and long-term to
understand the physical, mental/emotional, and social
impacts of infection and recovery in patients’ own words.
Additional research using PROs for COVID-19 patients is
needed to support a better understanding of treatment and
address any downstream consequences of infection, as well
as consider broader community needs and recovery. Further-
more, PROs are an important aspect of the continued shift
from a fee-for-service to value-based healthcare system that
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places patient health and well-being at the center of their
treatment and care [39]. Having a fuller understanding of
individual COVID-19 outcomes and experiences will facili-
tate the movement towards a value-based healthcare system
and more holistic care management.

This study has several key limitations. First, the popu-
lation is limited to patients infected with COVID-19 who
engage in this app-based English-language study through
Providence and test positive for COVID-19 at a Providence
facility. Thus, the population engaged skews toward people
with mobile technology access, willingness to engage in
research, access and proximity to care, and who have Eng-
lish proficiency and therefore may not be generalizable to
the vaccinated population. For example, the population who
engaged was predominately White, even though COVID-
19 has disproportionately impacted people of color due to
inequitable distribution of social risk factors and treatment
when seeking care [40, 41]. It is well-established that people
of color have a history of trauma with research that discour-
ages their participation [42, 43]; more efforts are needed
to gather PROs for people of color, including culturally
appropriate approaches. Participation was high in the first
3 weeks, followed by increasing attrition leading to smaller
population sizes in later timepoints. The data also lacked
participants’ geographical information, existing comorbidi-
ties, or PROs prior to COVID-19 infection, therefore these
could not be considered in our analysis. Additionally, we
were unable to validate self-reported vaccination status
against patients’ medical records due to the MCD design
and the IRB approval process. This population had higher
than expected hospitalization and ED visits for COVID-19,
suggesting that participation in MCD might be correlated
with greater symptom severity. Finally, this study focused
only on the first 6 weeks after COVID-19 infection; future
studies should explore PROs in the vaccinated (and unvac-
cinated) population beyond this timepoint.

5 Conclusion

Taken together, the results describe the range of physical
and mental health impacts of symptomatic COVID-19 infec-
tions for vaccinated patients and emphasize the importance
of understanding patient-reported physical and mental health
experiences as part of treatment and recovery.
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