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BACKGROUND: Patients who have had COVID-19 often
report persistent symptoms after resolution of their acute
illness. Recent reports suggest that vaccination may be
associated with improvement in post-acute symptoms.
We used data from a prospective cohort to assess differ-
ences in post-acute sequelae of COVID (PASC) among
vaccinated vs. unvaccinated patients.

METHODS: We used data from a cohort of COVID-19
patients enrolled into a prospective registry estab-
lished at a tertiary care health system in New York City.
Participants underwent a baseline evaluation before
COVID-19 vaccines were available and were followed
6 months later. We compared unadjusted and propen-
sity score-adjusted baseline to 6-month change for
several PASC-related symptoms and measures: anos-
mia, respiratory (cough, dyspnea, phlegm, wheezing),
depression, anxiety, post-traumatic stress disorder
(PTSD; COVID-19-related and other trauma), and
quality-of-life domains among participants who re-
ceived vs. those who did not receive COVID-19
vaccination.

RESULTS: The study included 453 COVID-19 patients
with PASC, of which 324 (72%) were vaccinated between
the baseline and 6-month visit. Unadjusted analyses
did not show significant differences in the baseline to
6-month change in anosmia, respiratory symptoms,
depression, anxiety, PTSD, or quality of life (p > 0.05
for all comparisons) among vaccinated vs. unvaccinat-
ed patients. Similar results were found in propensity-
adjusted comparisons and in secondary analyses based
on the number of vaccine doses received.
CONCLUSIONS: Our findings suggest that COVID vacci-
nation is not associated with improvement in PASC. Ad-
ditional studies are needed to better understand the
mechanisms underlying PASC and to develop effective
treatments.
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INTRODUCTION

The majority of patients with COVID-19 recover within a few
weeks following their illness, but several studies suggest that a
significant number of patients may continue to have persistent
symptoms for several weeks to months after resolution of their
acute illness." The syndrome of post-acute sequelae of
COVID (PASC), sometimes termed long COVID or chronic
COVID, is still not yet well defined but appears to affect a
broad spectrum of patients, from those who were asymptom-
atic or experienced a mild case of acute COVID to those
severely ill who required hospitalization and even treatment
in intensive care units. Several factors, such as older age,
female sex, obesity, greater number of comorbidities and more
severe acute illness, increase the risk for development of
PASC.* 7 Common symptoms associated with PASC include
persistent fatigue, dyspnea, anosmia, cognitive dysfunction
(‘brain fog”), anxiety, depression and insomnia.* 7+ ®

Recent anecdotal reports have found that some patients
with PASC describe improvement or resolution of their
persistent symptoms after receiving the COVID vaccine.””
2 An early study from Britain that included 66 post-
COVID patients found that those who were vaccinated
showed improvement or resolution of their PASC symp-
toms or a decrease in worsening symptoms compared to
matched participants who were unvaccinated.'> However,
to date, there has been no large study to assess the effect of
COVID vaccines on symptom change in patients who had
COVID-19. Consequently, we undertook this study to as-
sess whether vaccination was associated with resolution of
or improvement in PASC symptoms in a prospective regis-
try of COVID-19 patients.
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METHODS

We used data from a prospective cohort of patients en-
rolled into an institutional Post-COVID-19 Registry at the
Mount Sinai Health System (MSHS) in New York City.
Study participants were recruited between July 20, 2020,
and February 26, 2021, and had completed a baseline and
6-month follow-up interview. All participants were unvac-
cinated at the time of the baseline interview. Eligible
participants were > 18 years of age, had laboratory-
documented infection with SARS-CoV-2, spoke English
or Spanish, and received care at MSHS. Additionally, we
limited the study to participants who reported at least one
PASC symptom at baseline. Exclusion criteria included
history of dementia. The study was approved by the
Institutional Review Board of the Icahn School of Medi-
cine at Mount Sinai, and all participants signed informed
consent.

We collected sociodemographic data at baseline in-
cluding age, gender, race, ethnicity, marital status, house-
hold income and education. We also obtained informa-
tion regarding the date of COVID-19 diagnosis and the
site of acute COVID-19 care (outpatient, emergency
room [ER], impatient or intensive care unit [ICU]). Pre-
COVID-19 comorbidities (hypertension, coronary heart
disease, diabetes, asthma, chronic obstructive pulmonary
disease [COPD], and cancer) and smoking history were
ascertained using questions from the National Health
Interview Survey.'> We obtained measures of height
and weight and calculated body mass index for each
participant.

Data regarding vaccination included vaccine type (Pfizer,
Moderna, or Johnson & Johnson), date of vaccination, and
number of doses received. We also linked registry data to infor-
mation from the electronic medical record as an additional source
of vaccination status. To ensure sufficient time for an immune
response, individuals who had received at least one dose of the
vaccine at least 2 weeks prior to the 6-month follow-up interview
were coded as vaccinated. We also categorized participants
according to the number of doses (none, one or two) received;
COVID-19 patients that received one dose of the Johnson &
Johnson vaccine were included in the two-dose group.

The study outcomes included multiple PASC symptoms
commonly reported after recovery from acute COVID-19
infection. Presence of anosmia was evaluated with a single-
item 5-point Likert question (1 = no sense of smell to 5 =
excellent sense of smell) adapted from the PhenX Toolkit.'*
Dyspnea with different levels of exertion was evaluated with
the Modified Medical Research Council (mMRC) scale (0 =
dyspnea only with strenuous exercise, 4 = dyspnea at rest), a
well-validated tool used in research and clinical practice.'> '°
Other respiratory symptoms included cough, phlegm and
wheezing, which were evaluated with items from St. George’s
questionnaire (0 = no symptoms at all, 4 = symptoms most
days of the week).!” '®

We used Patient Health Questionnaire-8 (PHQ-8) to assess
for symptoms of depression.'® Anxiety symptoms were eval-
uated with the Generalized Anxiety Disorders-7 (GAD-7)
instrument.”” ?! Presence and severity of post-traumatic stress
disorder (PTSD) symptoms were evaluated using the PTSD
checklist for DSM-5 (PCL-5).%* The PCL-5 was administered
twice to assess for symptoms of COVID-19-related PTSD as
well as PTSD related to other trauma.

We used the Patient-Reported Outcomes Measurement In-
formation System (PROMIS)-29 v2.0 Scale to assess quality of
life.>>* This is a validated tool with well-established popula-
tion norms that provides quality-of-life scores along seven
health domains: physical function, anxiety, depression, fatigue,
social roles, and sleep (four items per domain) and an item
assessing pain (score 0—10). Responses to items in each domain
were summed and scored based on population norms.*

Statistical Analyses

We compared baseline characteristics of COVID-19 patients
who received or did not receive COVID vaccination using a ¢
test or chi-square test, as appropriate. For each outcome, we
compared the mean difference from baseline to 6 months be-
tween vaccinated vs. unvaccinated patients using a two-sample ¢
test.

To adjust for differences in baseline characteristics between
the two groups, we fitted a propensity score model including
age, gender, race, ethnicity, marital status, income, smoking
history, comorbidities, and severity of acute COVID-19. From
this model, we estimated probability weights for both vacci-
nated and unvaccinated individuals as the inverse of the prob-
ability of group assignment. We fitted a linear regression
model to compare change in symptom scores in vaccinated
vs. unvaccinated participants controlling for number of days
since COVID-19 diagnosis and the inverse probability
weights to adjust for potential confounders. Each model was
limited to participants who reported symptoms at baseline for
the specific PASC outcome evaluated in the analysis. We
conducted secondary analyses comparing differences in
PASC symptom trajectory according to the number of doses
of vaccine received.

With the cohort of patients included in this analysis, we
estimated that the study would have > 80% power to identify a
> 1 unit difference (SD 1.25) in changes in dyspnea scores, > 3
units difference (SD 5) in changes of depression scores, and >
10 units difference (SD 10) in changes of quality-of-life scores
among vaccinated vs. unvaccinated patients. Statistical analy-
ses were conducted using SAS software version 9.4 (SAS,
Cary, NC).

RESULTS

Of'the 1189 COVID-19 patients recruited in the post-COVID-
19 registry as of the time of these analyses, 464 have com-
pleted the 6-month interview as of August 23, 2021. Of these,
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11 were excluded due to missing data regarding vaccination
status leaving a cohort of 453 study participants (see
supplemental figure). Of these 453 participants, 324 (72%)
were vaccinated and 94% of these had received one of the
mRNA vaccines (62% Pfizer-BioNtech and 32% Moderna).
The baseline characteristics of vaccinated and unvaccinated
patients are shown in Table 1. Although unvaccinated pa-
tients were slightly more likely to be never smokers (74%
vs. 65%), this was not statistically significant and there
were no significant differences in age, gender, smoking
history and comorbidities among vaccinated vs. unvacci-
nated COVID-19 patients (p > 0.05 for all comparisons).
However, unvaccinated patients were more likely to be
unmarried (p = 0.04), report a lower annual income (p =
0.003), and have had a shorter period from COVID-19
diagnosis to the date of the baseline interview (p = 0.001).

Unadjusted analyses showed no significant difference in
the mean change between baseline and 6-month follow-up
in anosmia (mean difference: — 0.26, 95% confidence in-
terval [CI]: — 0.54 to 0.03, p = 0.08), or respiratory symp-
toms (p > 0.05 for all comparisons; Table 2). Similarly,
mean changes in symptoms of depression (mean difference:
0.32, 95% CI: — 0.88 to 1.53, p = 0.60), anxiety (mean
difference: 1.29,95% CI: —0.24 t0 2.82, p = 0.10), COVID-

Table 1 Baseline Characteristics of Post-Covid-19 Patients

Characteristic Vaccinated Non-
vaccinated  value
N =324 N=129
Age, years, mean (SD) 50.1 (13.4) 49.7 (14.1)  0.79
Female, no. (%) 211 (65) 83 (64) 0.87
Race/ethnicity, no. (%) 0.11
White 200 (62) 73 (57)
Black 46 (14) 31 (24)
Asian 17 (5) 2(2)
Other 55 (17) 22 (17)
Latinx, no. (%) 62 (19) 26 (20) 0.82
Married, no. (%) 160 (50) 43 (33) 0.04
Annual income, no. (%) 0.003
< 25,000 47 (16) 17 (15)
$25,000-$60,000 42 (14) 36 (32)
$60,000-$150,000 116 (39) 38 (34)
> $150,000 95 (32) 22 (20)
Never smoker, no. (%) 206 (65) 93 (74) 0.20
Pre-Covid-19 comorbidities,
no. (%)
Hypertension 102 (32) 44 (34) 0.59
Coronary artery disease 15 (5) 312 0.51
Diabetes 38 (12) 15 (12) 0.82
Asthma 86 (27) 40 (31) 0.34
Chronic obstructive 11 (3) 4 (3) 0.36
pulmonary disease
Cancer 41 (13) 119 0.36
Body mass index, no. (%) 0.92
Normal weight 100 (31) 36 (28)
Overweight 94 (29) 39 (30)
Obese 110 34) 44 (34)
Time since Covid-19 213 (62) 172 (56) <
diagnosis, days, mean (SD) 0.001
Site of Covid-19 care, 0.11
no. (%)
Outpatient 132 (41) 53 (41)
Emergency room 97 (30) 28 (22)
Inpatient 73 (23) 42 (33)
Intensive care unit 18 (6) 6 (5)

19-related PTSD (mean difference: 3.41, 95% CI: — 1.82 to
8.63, p = 0.20) and PTSD due to other trauma (2.32, 95%
CI: — 8.46 to 13.09, p = 0.66) were not significantly asso-
ciated with vaccination status. There were no significant
differences in the mean change of all quality-of-life do-
mains between vaccinated and unvaccinated groups, in-
cluding fatigue (mean difference: — 1.40, 95% CI: — 3.98
to 1.18, p = 0.29), sleep (mean difference: 1.16, 95% CI: —
1.10 to 3.41, p = 0.31) and pain (— 0.84, 95% CI: — 3.19 to
1.52, p =0.49, Fig. 1).

Propensity score—adjusted analyses (Table 3) showed no
differences in change in anosmia (mean difference: — 0.02,
95% CI: —0.35t0 0.31), dyspnea (mean difference: 0.05, 95%
CI: = 0.15 to0 0.25), cough (mean difference: — 0.17, 95% CI: —
0.55 to 0.22), phlegm (mean difference: — 0.47, 95% CI: —
0.87 to 0.10) or wheezing (mean difference: — 0.16, 95% CI: —
0.83 to 0.50) among vaccinated vs. unvaccinated patients.
Mean change in depression (mean difference: 0.02, 95% CI:
— 1.18 to 1.22), anxiety (mean difference: 0.51, 95% CI: —
0.93 to 0.04), COVID-19-related (mean difference: 2.53, 95%
CI: — 3.06 to 8.12) or other trauma-related (mean difference: —
2.53, 95% CI: — 12.11 to 7.04) PTSD symptoms were not
associated with vaccination status (Table 3). Change in
quality-of-life domain scores was also not significantly differ-
ent among vaccinated vs. unvaccinated patients (mean differ-
ence in physical function: — 1.16, 95% CI: — 3.35 to 1.02;
mean difference in anxiety: — 0.29, 95% CI: — 2.84 to 2.27;
mean difference in depression: — 1.12, 95% CI: — 3.80 to 1.56;
mean difference in fatigue: — 1.42, 95% CIL: — 4.15 to 1.32;
mean difference in social roles: — 0.17,95% CI: — 3.18 t0 2.83;
mean difference in sleep: 1.51, 95% CI: — 0.86 to 3.87; and
mean difference in pain: — 0.02, 95% CI: — 2.74 to 2.70).

Similarly, adjusted analyses showed no significant differ-
ence in changes in any of the outcomes when comparing
patients who received one or two doses compared to those
who were unvaccinated (Table 3).

DISCUSSION

In this study of 453 post-COVID patients, we did not find a
significant difference in change in PASC symptoms from
baseline to 6 months between vaccinated and unvaccinated
patients. Our study is the first prospective cohort study to
assess whether COVID vaccination may affect PASC symp-
toms. Thus, these findings suggest that while vaccination is
important in providing additional immunological protection
against reinfection, it does not appear to be associated with
changes in PASC symptoms. Additional research is needed to
understand the mechanisms underlying PASC and to identify
effective treatments for these patients.

Although PASC is still not well defined, the National
Institutes of Health convened a workshop in December 2020
to discuss current literature about this syndrome and identify
knowledge gaps.' Studies from China, Italy and France have
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Table 2 Unadjusted Differences in Post-Covid Symptom Scores Among Vaccinated Compared to Unvaccinated Patients
Domain Vaccinated Non-vaccinated Difference change vaccinated p value
vs. non-vaccinated
Baseline Change Baseline Change 95% CI)
Mean (SD) Mean (SD)
Anosmia (N = 163) 2.44 (0.67) - 0.58 2.40 (0.74) -0.33 —0.26 (— 0.54 to 0.03) 0.08
Respiratory symptoms
Dyspnea (N = 286) 0.57 (0.50) -0.09 0.58 (0.50) -0.12 0.02 (— 0.19 to 0.23) 0.83
Cough (N = 231) 2.33 (0.81) - 0.56 2.26 (0.85) -0.57 0.003 (— 0.39 to 0.39) 0.99
Phlegm (N = 146) 2.30 (0.85) -0.82 2.37 (0.85) -0.53 —0.28 (= 0.76 to 0.20) 0.25
Wheezing (N = 101) 2.41 (0.78) -0.82 2.46 (0.69) -123 0.41 (— 0.27 to 1.09) 0.23
Depression symptoms (N = 288) 10.70 (5.02) 1.86 10.20 (4.05) 1.53 0.32 (— 0.88 to 1.53) 0.60
Anxiety symptoms (N = 212) 9.88 (4.08) 2.50 9.97 (5.03) 1.21 1.29 (= 0.24 to 2.82) 0.10
Covid PTSD symptoms (N = 127) 40.16 (12.16) 9.99 38.26 (11.64) 6.58 341 (— 1.82 to 8.63) 0.20
Non-Covid PTSD symptoms (N = 42) 34.00 (8.59) 14.38 44.38 (12.47) 12.07 2.32 (— 8.46 to 13.09) 0.66
Quality of life
Physical function (N = 218) 3741 (4.65) - 4.02 35.92 (4.76) -3.07 =095 (=296 to 1.05) 0.35
Anxiety (N = 244) 62.42 (5.41) 4.07 62.83 (6.84) 3.73 0.33 (— 1.98 to 2.65) 0.78
Depression (N = 171) 60.56 (5.05) 4.18 61.94 (5.49) 344 0.74 (— 1.81 to 3.29) 0.57
Fatigue (N = 261) 63.36 (6.06) 3.14 65.51 (6.39) 4.54 —1.40 (— 398 to 1.18) 0.29
Social roles (N = 135) 58.78 (7.26) 349 56.39 (9.47) 5.81 —232 (=551 10 0.87) 0.15
Sleep (N = 171) 61.20 (4.60) 3.92 62.56 (5.59) 2.76 1.16 (— 1.10 to 3.41) 0.31
Pain (N = 232) 62.14 (5.59) 3.86 63.22 (5.58) 4.70 —0.84 (—3.19 to 1.52) 0.49

SD standard deviation, CI confidence interval

found that between 15 and 84% of COVID-19 patients may
experience long-term symptoms.lf5 + 826 These PASC symp-
toms,* " ® 2% including anosmia, respiratory issues such as
cough or dyspnea, depression, anxiety, cognitive dysfunction,
and/or fatigue, may persist for several weeks to months after
resolution of acute COVID-19. While more severe acute
COVID-19 illness appears to be associated with higher risk
for PASC, a few other risk factors such as being female, older,
or obese, or having more comorbidities also seem to have a
relationship with PASC development. *

Several mechanisms have been proposed to explain persis-
tence of symptoms in PASC including viral reservoirs, con-
tinued inflammation, development of autoantibodies, and/or
sequelae of organ damage during acute infection.' 2¢3°
SARS-CoV-2 virus particles have been found in gut
enterocytes for up to 4-7 months after initial diagnosis.** *'
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This viral reservoir may result in persistent inflammation that
can then lead to the development of PASC symptoms. Persis-
tent markers of inflammation have been found in patients up to
several months after the acute illness.”> ** Inflammation may
also induce endothelial damage and micro-thrombi formation
in multiple organs which may then result in many of the
observed PASC symptoms, such as dyspnea as well as cogni-
tive dysfunction and fatigue. Finally, autoantibodies may be
implicated in the development of PASC.?% 3% 3

As such, COVID vaccination may help reduce or eliminate
PASC symptoms by eradicating the viral reservoir or by
resetting a dysregulated immune response to the primary
infection. Several anecdotal reports have suggested that those
suffering from PASC symptoms improve after receiving the
COVID vaccine. However, in this larger prospective study of
post-COVID patients, we did not find a significant difference
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Figure 1 Comparison of changes in PASC symptoms on PROMIS scale between baseline and 6 months for vaccinated vs. non-vaccinated
participants.
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Table 3 Adjusted Associations Between Vaccination and Post-Covid-19 Symptoms According to the Number of Doses

Domain Mean difference vaccinated vs. non-vaccinated (95% CI)
Primary analyses Secondary analyses
One or two doses One dose Two doses
Anosmia —0.02 (- 0.35t0 0.31) —0.17 (= 0.62 to 0.28) —0.13 (- 0.42 to0 0.15)
Respiratory symptoms
Dyspnea 0.05 (— 0.15 to 0.25) 0.10 (— 0.20 to 0.39) —0.06 (—0.29 to 0.16)
Cough = 0.17 (= 0.55 to 0.22) 0.22 (= 0.27 to 0.72) —0.32 (= 0.73 to 0.08)
Phlegm —0.47 (- 0.87 to 0.10) —0.28 (= 0.92to 0.36) —0.27 (= 0.76 to 0.21)
Wheezing —0.16 (— 0.83 to 0.50) —0.30 (— 1.17 to 0.56) —0.28 (— 0.98 to 0.42)

Depression symptoms
Anxiety symptoms
Covid PTSD symptoms
Non — Covid PTSD symptoms
Quality of life

Physical function

Anxiety

Depression

Fatigue

Social roles

Sleep

Pain

0.02 (- 1.18 to 1.22)
0.51 (- 0.93 to 0.04)
2.53 (= 3.06 to 8.12)
—2.53 (= 12.11 to 7.04)

—1.16 (= 3.35 to 1.02)
~0.29 (- 2.84 to 2.27)
— 1.12 (- 3.80 to 1.56)
— 142 (= 4.15 to 1.32)
—0.17 (- 3.18 to 2.83)
1.51 (- 0.86 to 3.87)

~0.02 (- 2.74 to 2.70)

0.39 (- 1.15 t01.95)

1.87 (- 0.01 to 3.76)
7.58 (- 021 to 15.37)

— 11.62 (- 26.04 to 2.80)

—0.30 (- 2.95 to 2.36)
—0.26 (- 3.24 to 2.72)
— 1.53 (= 5.09 to 2.04)
~ 1.15 (- 4.29 to 2.00)
—0.23 (- 3.67 to 4.13)
1.00 (- 1.72 to 3.74)

~1.91 (- 4.74 t0 0.92)

0.31 (- 0.95 to 1.56)
0.62 (- 0.71 to 1.95)
2.90 (- 2.13 to 7.93)
— 175 (- 11.85 to 8.35)

—0.87 (- 3.04 to 1.30)
~0.69 (— 3.06 to 1.68)
1.53 (- 1.22 to 4.28)

~ 139 (- 3.93 to 1.15)
—1.99 (- 5.11 to 1.14)
1.95 (- 0.21 to 4.10)

~0.40 (~ 2.69 to 1.89)

CI confidence interval

in change in PASC symptoms or other objective measures
between vaccinated and unvaccinated patients. Thus, while
some may report significant improvement in PASC symptoms
after vaccination, these findings were not borne out in our
study population.

Our study has some strengths and limitations. This is a
prospective observational cohort study from one large urban
city and not a randomized study to assess the effect of COVID
vaccination on symptom change. Thus, we cannot exclude
systematic differences among vaccinated vs. unvaccinated
patients. However, our two groups were similar at baseline,
and we used propensity score adjustment to account for base-
line characteristics that might affect vaccination status. Differ-
ences in vaccine type may be a limitation in determining effect
of vaccination on changes in PASC symptoms but the major-
ity of our participants received one of the two mRNA vac-
cines. It is also possible that biases in reporting symptoms may
have affected our results, but this appears unlikely as we used
objective measures to assess symptoms at each time point and
did not ask participants to report change in symptoms. Those
who completed the 6-month interview may also have had
more severe symptoms than those who dropped out so there
is a possibility of selection bias. Finally, our study may not
have sufficient power to identify small differences in some
PASC symptoms among the two study groups, and because
our cohort consisted of COVID-19 patients who experienced
the first wave of COVID, our results may not be generalizable
to others who may have been infected in later waves or
different strains of the coronavirus. Strengths of this study
include the prospective nature of the cohort where symptoms
were collected with standardized and validated instruments.
We also assessed multiple domains pertaining to commonly
reported PASC symptoms.

In conclusion, our study found that COVID vaccination
does not appear to improve or change PASC symptoms in this
large prospective cohort of patients who have recovered from
COVID. While COVID vaccination remains important for
additional immunological protection against reinfection, it
does not appear to improve PASC symptoms or related mea-
sures in COVID-19 patients. Further studies are needed to
better define the trajectory of PASC as well as to understand
the pathophysiology underlying its development so that effec-
tive treatments can be developed to treat the long-term com-
plications associated with COVID infection.
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