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Abstract: Background: Long COVID has become a central public health concern. This study char-
acterized the effectiveness of BNT162b2 BA.4/5 bivalent COVID-19 vaccine (bivalent) against long
COVID symptoms. Methods: Symptomatic US adult outpatients testing positive for SARS-CoV-2
were recruited between 2 March and 18 May 2023. Symptoms were assessed longitudinally using a
CDC-based symptom questionnaire at Week 4, Month 3, and Month 6 following infection. The odds
ratio (OR) of long COVID between vaccination groups was assessed by using mixed-effects logistic
models, adjusting for multiple covariates. Results: At Week 4, among 505 participants, 260 (51%) were
vaccinated with bivalent and 245 (49%) were unvaccinated. Mean age was 46.3 years, 70.7% were
female, 25.1% had >1 comorbidity, 43.0% prior infection, 23.0% reported Nirmatrelvir/Ritonavir use.
At Month 6, the bivalent cohort had 41% lower risk of long COVID with >3 symptoms (OR: 0.59, 95%
CI, 0.36-0.96, p = 0.034) and 37% lower risk of >2 symptoms (OR: 0.63, 95% CI, 0.41-0.96, p = 0.030).
The bivalent cohort reported fewer and less durable symptoms throughout the six-month follow-up,
driven by neurologic and general symptoms, especially fatigue. Conclusions: Compared with unvac-
cinated participants, participants vaccinated with the bivalent were associated with approximately
40% lower risk of long COVID and less symptom burden over the six-month study duration.

Keywords: BNT162b2; bivalent; BA.4/5; long COVID; PASC; COVID-19; SARS-CoV-2; COVID-19
symptoms

1. Background

Long COVID is a multi-system syndrome that could affect individuals following
SARS-CoV-2 infection, regardless of age or severity of symptoms experienced during the
acute phase of the disease [1]. While there is no single definition, the US Centers for Disease
Control and Prevention (CDC) refers to long COVID as a wide range of symptoms and con-
ditions persisting or emerging beyond four weeks following SARS-CoV-2 infection, which
are not explained by an alternative diagnosis [1]. However, due to the lack of a universally
agreed-upon definition, population estimates can vary substantially between studies based
on patient characteristics, COVID-19 variant, and study design and methods [1-6].

Long COVID has been associated with significant functional and socioeconomic
limitations for patients, as well as substantial public health and economic impact for the
healthcare system and society as a whole [7-9]. A holistic assessment of the impact of SARS-
CoV-2 vaccination should go beyond the acute phase of infection to include quantifying its
impact on long COVID. Findings from recent systematic literature reviews and individual
studies suggest that vaccination against SARS-CoV-2 may confer protection or amelioration
of long COVID symptoms [10-15]. For example, Byambasuren, et al. (2023) found that
10 out of 12 studies showed a significant reduction in the incidence of long COVID when
patients had been vaccinated before infection with SARS-CoV-2 [10]. However, several of
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the included studies were conducted in specific populations, such as healthcare workers or
veterans, or reported data based on the use of the original monovalent vaccines only [12-14].

Updated bivalent formulations of COVID-19 vaccines were authorized in late 2022
to protect against both the original strain and BA.4/5 Omicron sub-lineages, replacing
the original monovalent formulations [16]. There are limited data describing the impact
of this adapted bivalent formulation on long COVID symptoms. Evidence is needed to
understand how these updated formulations impact long COVID symptoms across broad
populations, especially as new variants and sub-lineages continue to emerge.

Our initial analyses of a nationwide prospective study showed that among symp-
tomatic outpatient individuals, the BNT162b2 BA.4/5 bivalent COVID-19 vaccine had
a protective effect against acute COVID-19 symptoms up to four weeks following infec-
tion. [17]. This analysis presents the long-term results of this study, focused on long COVID
outcomes through the six months following infection, which were assessed among groups
defined by BNT162b2 BA.4/5 bivalent COVID-19 vaccination status.

2. Methods
2.1. Study Design and Cohorts

A full description of the study design was previously published (clinicaltrials.gov
NCT05160636) [17]. This survey-based prospective patient-reported outcomes (PRO) study
recruited US adults >18 years old with a positive SARS-CoV-2 test via either positive reverse
transcription-polymerase chain reaction (RT-PCR) or rapid antigen and self-reporting one
or more symptoms associated with acute SARS-CoV-2 infection when testing at a retail
pharmacy testing location [17].

Recruitment was carried out between 03/02/2023 and 05/18/2023, during the predom-
inance of the XBB Omicron sub-lineage in the US. Follow-up among those who consented
occurred through 11/25/2023. Initial results for the acute phase (defined as up to 4 weeks
following infection) were previously published [17]. This analysis presents the long-term
results with outcomes until Month 6 post-infection.

As previously described [17], study participants were assigned to two analysis cohorts
based on their self-reported pre-infection COVID-19 vaccination history. Participants re-
porting a vaccination date of 9/1/22 or later for their latest Pfizer-BioNTech COVID-19
vaccine booster were included in the “bivalent” cohort, considering that, since 9/1/22,
the only formulation available in the US for COVID-19 vaccines was the adapted bivalent
formulation [16]. Participants reporting receipt of any non-BNT162b2 bivalent vaccine
were excluded. Participants were included in the “unvaccinated /not-up-to-date” co-
hort if they either: (1) did not report receipt of any COVID-19 vaccine before testing, or
(2) reported having received their last original monovalent dose >12 months before enroll-
ment, considered to be past the time of assumed vaccine-induced immunity [18]. As such,
the “Unvaccinated” cohort consisted of both unvaccinated and not up-to-date participants.
These two study cohorts are defined as “bivalent” and “unvaccinated”, with these terms
used throughout this report.

2.2. Baseline Characteristics and Symptoms

Baseline characteristics were gathered via self-reported responses to the CVS Health
screening questionnaire administered to individuals scheduling a SARS-CoV-2 test at a
CVS site. The characteristics included demographics, underlying comorbidities, COVID-19
vaccination history, work and/or residency in a high-risk or healthcare setting, the Social
Vulnerability Index (SVI), antiviral medications use, and symptoms as defined by the CDC’s
list of COVID-19 symptoms [19,20].

2.3. Long COVID Symptoms

The assessment of long COVID symptoms relied on a questionnaire including
30 symptoms based on the 2022 CDC list [1]. The questionnaire was administered at
Week 4, Month 3, and Month 6 after a positive test and enrollment. In alignment with
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the CDC’s definition, Week 4 was defined as the start of long COVID [1]. The question-
naire assessed the presence of general symptoms (tiredness or fatigue that interferes with
daily life, symptoms that become worse after physical or mental activities also known as
“post-exertional malaise”, fever, general pain/discomfort, chills or exercise intolerance),
respiratory and heart symptoms (difficulty breathing or shortness of breath, cough, chest
pain, sore throat, fast-beating or pounding heart also known as heart palpitations), neuro-
logic symptoms (difficulty thinking or concentrating sometimes referred to as “brain fog”,
headache, sleep problems, dizziness when you stand up referred to as ‘lightheadedness’,
vertigo, pins-and-needles feeling, change in smell or taste, mood changes, memory loss,
confusion, depression or anxiety), digestive symptoms (diarrhea, stomach pain, nausea
with or without vomiting, loss of appetite), and other symptoms (changes in menstrual
cycles, rash, joint or muscle pain, hair loss) (Supplementary Table S1).

The current analysis focused on the long COVID cohort, defined as those individuals
that self-reported experiencing >1 long COVID symptom at the time of their first long
COVID symptoms survey, administered 4 weeks after their initial laboratory-confirmed
infection. The long COVID symptoms survey was also subsequently administered at Month
3 and Month 6 following infection. The long COVID analyses assessed the point prevalence
of long COVID at Week 4, Month 3, and Month 6 as the occurrence of >2 or >3 symptoms
consistent with long COVID.

2.4. Statistical Methods

Baseline characteristics were analyzed with descriptive statistics. Variables were
described using means and standard deviations (SDs) (continuous) and frequency and
proportions (categorical). Statistical tests to determine differences were used (t-tests for
continuous variables, chi-square statistics for categorical variables) [21]. Fisher’s exact tests
were used for 2-by-2 tables. Freeman—Halton tests for r-by-c tables were used when the
expected cell frequency count was less than 5 [22]. All the p values were two-sided.

Mixed-effects logistic models were used to examine the impact of vaccination sta-
tus of long COVID [23]. The candidate model covariates were time, vaccination sta-
tus and interaction of time by vaccination status, demographic characteristics (age, gen-
der, region, race/ethnicity, social vulnerability), previously tested positive for COVID-19,
>1 comorbidity, and Nirmatrelvir/Ritonavir prescription received as treatment for the
infection they tested positive for at baseline. The assessment time by subject was fitted as a
categorical covariate with an unstructured correlation matrix. Odds ratios of long COVID
symptoms between the bivalent cohort and unvaccinated cohort were estimated for each
assessment time. The same modelling approach was applied to each long COVID symptom
or symptom category.

All analyses were conducted with SAS Version 9.4 (SAS Institute, Cary, NC, USA).
The study report is aligned to the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline [24].

3. Results
3.1. Study Population

At Week 4, 505 study participants completed the first long COVID survey and reported
current symptoms of long COVID. Of these, 260 (51.5%) participants were vaccinated with
bivalent and 245 (48.5%) were unvaccinated. Baseline characteristics of these participants
are presented in Table 1.
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Table 1. Baseline Demographic and Clinical Characteristics of Study Participants at Week 4.

All BNT162b2 Unvaccinated p?
Total, n (%) 505 260 245
Age, years
Mean, SD 46.3 (15.5) 50.0 (16.0) 42.4 (14.0) <0.001
18-29 76 (15.0%) 28 (10.8%) 48 (19.6%) <0.001
30-49 220 (43.6%) 99 (38.1%) 121 (49.4%)
50-64 125 (24.8%) 69 (26.5%) 56 (22.9%)
>65 84 (16.7%) 64 (24.6%) 20 (8.2%)
Gender 0.086
Female 357 (70.7%) 173 (66.5%) 184 (75.1%)
Male 144 (28.5%) 84 (32.3%) 60 (24.5%)
Unknown 4 (0.8%) 3(1.2%) 1 (0.4%)
Race/Ethnicity 0.006
White or Caucasian 305 (60.4%) 168 (64.6%) 137 (55.9%)
Black or African American 40 (7.9%) 15 (5.8%) 25 (10.2%)
Hispanic 73 (14.5%) 26 (10.0%) 47 (19.2%)
Asian 49 (9.7%) 31 (11.9%) 18 (7.4%)
Other 38 (7.5%) 20 (7.7%) 18 (7.4%)
US Geographic Region 0.053
Northeast 68 (13.5%) 38 (14.6%) 30 (12.2%)
South 201 (39.8%) 89 (34.2%) 112 (45.7%)
Midwest 113 (22.4%) 67 (25.8%) 46 (18.8%)
West 123 (24.4%) 66 (25.4%) 57 (23.3%)
Social vulnerability index, Mean (SD) b 0.44 (0.23) 0.39 (0.22) 0.49 (0.23) <0.001
Previously tested positive 204 (40.4%) 98 (37.7%) 106 (43.3%) 0.202
Live or work in high-risk setting 25 (5.0%) 10 (3.9%) 15 (6.1%) 0.239
Work in healthcare 75 (14.9%) 33 (12.7%) 42 (17.1%) 0.160
Self-reported comorbidity
Number of comorbidities, Mean (SD) 0.38 (0.75) 0.46 (0.79) 0.30 (0.70) 0.015
Asthma or chronic lung disease 25 (5.0%) 17 (6.5%) 8 (3.3%) 0.090
W:;?(ﬁgof;r;z;"gi}f;‘:Ifff‘diﬁons or 2 (0.4%) 1(0.4%) 1(0.4%) 0.966
Diabetes 27 (5.4%) 17 (6.5%) 10 (4.1%) 0.220
Heart conditions or hypertension 79 (15.6%) 49 (18.8%) 30 (12.2%) 0.041
Overweight or obesity 60 (11.9%) 36 (13.8%) 24 (9.8%) 0.160
At least 1 comorbidity 127 (25.1%) 81 (31.2%) 46 (18.8%) 0.001
Mean days since last vaccine dose, SD 337 (209) 165 (46) 546 (121) <0.001
Nirmatrelvir /Ritonavir use, n (%) 116 (23.0%) 74 (28.5%) 42 (17.1%) 0.003
Acute COVID-19 symptoms on index day d 505 (100%) 260 (100%) 245 (100%)
Mean number of symptoms, SD 5.3 (2.3) 5.0 (2.3) 5.7 (2.3) 0.001

SD: Standard Deviation; CMS: Centers for Medicare and Medicaid Services; IQR: Interquartile Range.? p value
for the comparison between BNT162b2 and Unvaccinated.  SVI is a score that ranges from 0 to 1. Higher
values correspond to higher vulnerability. © Immunocompromised conditions comprise conditions that result in a
weakened immune system, including kidney failure or end stage renal disease, and indicators of compromised
immune system (such as from the use of immune-compromising drugs, solid organ or blood stem cell transplant,
HIV, or other conditions). ¢ The index day is the day of receipt of the COVID-19 test nasal swab test.

The participants were 46.3 years old on average, 70.7% were female, 25.1% reported
at least one comorbidity, and 40.4% reported prior infection. Compared with the unvac-
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cinated cohort, the bivalent cohort was older (mean age: 42.4 vs. 50.0 years; p < 0.001),
had lower social vulnerability (mean SVI: 0.49 vs. 0.39; p < 0.001), and had fewer acute
COVID-19 symptoms on the index day (mean: 5.7 vs. 5.0; p = 0.001). Both cohorts were
also significantly different with regard to race/ethnicity (p = 0.006). Compared with the
unvaccinated cohort, a higher proportion of participants in the bivalent cohort reported
having > 1 comorbidity (18.8% vs. 31.2%, p = 0.001) and a higher mean number of co-
morbidities (mean: 0.30 vs. 0.46; p = 0.015). Compared with the unvaccinated cohort,
a significantly higher proportion of participants in the bivalent cohort were previously
prescribed Nirmatrelvir/Ritonavir (17.1% vs. 28.5%; p = 0.003). The vaccinated cohort
had received their bivalent vaccine on average 165 days prior to study enrollment. The
unvaccinated cohort, which comprised a portion of participants not up to date on their
COVID-19 vaccination, had received their last vaccine dose, on average, 546 days prior to
enrollment. Both cohorts generally looked comparable in terms of sex, previous infection,
and levels of risk in the workplace and household settings. Consistent with the study
inclusion criteria and the long COVID definition used, all study participants self-reported
experiencing >1 COVID-19 acute symptoms during the acute phase, and self-reported
persistence or development of symptoms consistent with long COVID at long COVID start
(Week 4 after initial infection).

3.2. Long COVID-19 Risk and Symptoms
3.2.1. Time Trends through Month 6

Time trends of prevalence rates of long COVID symptoms by vaccination status and
by category of symptoms are presented in Figure 1. Across all time points, the symptoms
prevalence line for the bivalent cohort is below and clearly separated from the line presenting
trends for the unvaccinated cohort, for general, neurologic, and digestive/other symptoms.
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50% 50%
40% ou o 40%
-~ &
) Seeo o (CY
& 30% O=cmen L © v 30% \\
8 5 3
c 20% < 20% So
o > -
© o ==z c- o
o 10% a 10%
(a8
0% 0%
Week 4 Month 3 Month 6 Week 4 Month 3 Month 6
Neurological Symptoms Digestive/Other Symptoms
50% 50%
o 40% Rl LT o 40%
g B &
© 30% °\"\. ® 30%
2 2
C
(0]
g 20% g 20%
> >
o o
& 10% S 10%
0% 0%
Week 4 Month 3 Month 6 Week 4 Month 3 Month 6

—@—Bivalent == Unvaccinated

Figure 1. Prevalence of long COVID symptoms by COVID-19 vaccination status and symptoms
category across time points (Week 4, Month 3, Month 6). The category “Other” included: rash, joint
or muscle pain, hair loss, changes in menstrual cycles.
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3.2.2. Week 4

At the start of the long COVID assessment (Week 4) study, participants reported a
mean of 2.6 symptoms. The bivalent cohort reported a numerically lower mean number
of symptoms (2.4 vs. 2.9, p = 0.076). The prevalence of long COVID was significantly
lower for the bivalent cohort compared with the unvaccinated cohort (>3 symptoms:
24.2% vs. 35.5%, p = 0.006; >2 symptoms: 31.5% vs. 47.8%, p = 0.0002). The prevalence
of general symptoms was significantly lower for the bivalent cohort compared with the
unvaccinated cohort (28.8% vs. 39.0%, p = 0.016), as well as the prevalence of respiratory and
heart symptoms (25.4% vs. 34.1%, p = 0.031) and neurologic symptoms (33.1% vs. 42.3%,
p =0.033).

The proportions of all long COVID symptoms reported at Week 4 were numerically
lower in the bivalent cohort, except for symptoms including memory loss, confusion,
changes in menstrual cycle, and hair loss. Symptoms of tiredness or fatigue that interfere
with daily life (17.7% vs. 31.4%) and sore throat (2.3% vs. 6.1%) were significantly lower
for the bivalent cohort compared with the unvaccinated cohort (p < 0.05) [Figure 2a and
Supplementary Table S1].

3.2.3. Month 3

Overall, the mean number of symptoms declined to 2.4 symptoms at Month 3. On
average, the bivalent cohort reported significantly fewer symptoms compared with the
unvaccinated cohort (mean: 2.1 vs. 2.8, p = 0.028). The prevalence of long COVID was
numerically lower, although not statistically significantly different for the bivalent co-
hort compared with the unvaccinated cohort (>3 symptoms: 21.3% vs. 27.0%, p = 0.150;
>2 symptoms: 29.1% vs. 36.7%, p = 0.078).

Quite similar to Week 4, at Month 3 the proportions of all symptoms were numerically
lower in the bivalent cohort, except for rash. Several symptoms were significantly lower for
the bivalent cohort compared with the unvaccinated cohort (p < 0.05): tiredness or fatigue
that interferes with daily life (14.8% vs. 24.8%), sore throat (0.8% vs. 4.9%), headache
(7.0% vs. 14.2%), pins-and-needles feeling (2.1% vs. 6.6%), mood changes (4.1% vs. 10.6%),
depression or anxiety (7.4% vs. 14.2%), diarrhea (1.6% vs. 4.9%), and stomach pain (1.2%
vs. 4.9%) [Figure 2b and Supplementary Table S1].

3.2.4. Month 6

Overall, the mean number of symptoms declined to 2.2 symptoms at Month 6. On
average, the bivalent cohort reported a numerically lower, although not statistically signifi-
cant, mean number of symptoms (2.0 vs. 2.4, p = 0.115). The prevalence of long COVID
was significantly lower for the bivalent cohort compared with the unvaccinated cohort
(=3 symptoms: 17.2% vs. 26.5%, p = 0.017; >2 symptoms: 25.8% vs. 37.0%, p = 0.011).
Directionally, the proportions of all symptoms were numerically lower in the bivalent
cohort, except for post-exertional malaise, chills, exercise intolerance, sore throat, and loss
of appetite. Symptoms of tiredness or fatigue that interfere with daily life (13.7% vs. 23.7%)
and chest pain (0.4% vs. 2.8%) were significantly lower for the bivalent cohort compared
with the unvaccinated cohort (p < 0.05) [Figure 2c and Supplementary Table S1]. Notably,
the symptoms of fatigue/tiredness were consistently lower in the bivalent vaccination
group through Month 6 (Supplementary Table S1).

3.3. Relationship between Vaccination Status and Risk of Long COVID

Table 2 shows the association between vaccination status and the risk of long COVID
six months after the initial infection. The odds ratios (OR) analyses based on observed
data showed that, compared to no vaccination, bivalent vaccination was associated with a
41% reduced risk of long COVID expressed as >3 symptoms (OR 0.59, 95% CI 0.39-0.89,
p =0.011) and with a 43% reduced risk of long COVID expressed as >2 symptoms (OR 0.57,
95% CI 0.36-0.91, p = 0.017). The logistic regression model (Supplementary Table S2)
provided similar results, with the bivalent cohort associated with 41% reduced odds of
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reduced odds of long COVID expressed as >2 symptoms (OR 0.63, 95% CI 0.41-0.96,

long COVID expressed as >3 symptoms (OR 0.59, 95% CI 0.36-0.96, p

0.030). These results were driven mainly by general and neurologic symptoms.

p:

O Bivalent

B Unvaccinated

ss0) JleH

‘lensisuswi U sebueyd

ysey
ured ajosnwi Jojulor
anadde Jo sso

INOYIM IO YIM easneN

ured yoewols

eaylielq

Aaixue 1o uoissaida(
uoIsnuoD

ss0] Alows|\

sabueyo poo\

a)se) Jo J]aws u| abuey)
Buneay sajpasu-pue-suld
obBijap
ssaupapesay1ybi
swe)qo.d desg
ayoepesH

Boj ureig

suopeydjed pesaH
Jeoly) alog

ured 1say)

ybnon

(a) Week 4

10 Buiyreaiq Anoiia

20UEIS|0}U| 8S1049XT
SNIYo

Hojwoos|p/ured Jelsusy)
Jana4

aslejew Jeuoaxa-1s0d
anbiey Jo ssaupall]

swoldwAs g=

O Bivalent

B Unvaccinated

$s0] JleH
‘Tentisuawi uj sabueyd
ysey
ured ajosnwi Jojulop
anadde jo sso
INOYIM IO YlIM BasSheN
ured yoewols
eayJielq
A1aixue Jo uojssaidaqg
uolsnjyuoD
ss0] Alows |\
sabueyo poo\
a1se) 1o J]aws u) abuey)
Bunesy sajpasu-pue-suid
obBiap
ssaupspeay1ybi
sweqo.d desls
ayoepesH
Boj ureig
suopeydjed pesH
yeolyy alog
ured 1say)
ybnon
“10 Buiyreaiq Anoiyia
20UElI9)01U| 8S[0JaX]
SIYo
Hojwoosip/uled Jeiausl)
Jana4
asleewl Jeuolaxe-1s0d
anbey o ssaupall]

L swoldwAs g=

30%

25%

ayey eous|enald

20%

15%
10%

5%
0%

(b) Month 3

Figure 2. Cont.



Vaccines 2024, 12, 183 80f13

30%
25%
© O Bivalent
T 509 [
 20% B Unvaccinated
0]
Q
c 15%
Q2
g
o 10%
S
(a R
5%
0% * = " = . = 0
E 38 EEL8sEEE RGeS a5E TSI LG T Y
c QD28 pEeEL£ 523 aoas8¥ oceEGgad22oxEtacoaf 52
a ENU-EOL.EOHE‘(G.E-U3U®®H(U>EC‘—_C.*;‘Q_q) 0 =
H—E (o] Q_Com .t““cuoCD>‘*—’5;LC<U-Qo§Q-—‘ C ®©
€ = 3 o B Q055 05T 026260 ® T Q o T
> °3 £ 28 $95Prsg LFgEOS go6%53 E
" ogc T £2 Ong o0 T 2TJ o™ C 9
o 2o 2 = °S ©0585= SEa9f& £
A (O £ ®> t o Fr q,wo kel N = © = »
c t © Q2 @ = < c c= 7] 2 0 0 i
5306 & ©3I ) w2 T.= ] s — £ O
o X = 53 T J =Tso o o £ <
=9 o X &= c 0o a ® © @
= o W oE ¢ < [0 > ! <
le) [ o n & o [ (@)
o [0} £ O z
© o
(c) Month 6
Figure 2. Prevalence of long COVID symptoms by COVID-19 vaccination status.
Table 2. Long COVID Symptoms at Month 6 by COVID-19 Vaccination Status: observed and adjusted
model-based results 2.
All BNT162b2 Unvaccinated Observed Model-Based
(n =444) (n = 233) (n=211) OR (95% CI) p Value OR (95% CI) p Value
Long COVID
>2 symptoms 138 (31.1%) 60 (25.8%) 78 (37.0%) 0.59 (0.39, 0.89) 0.011 0.63(0.41,0.96)  0.030
>3 symptoms 96 (21.6%) 40 (17.2%) 56 (26.5%) 0.57 (0.36, 0.91) 0.017 0.59 (0.36,0.96)  0.034
Symptom category

General symptoms 107 (24.0%) 46 (19.6%) 61 (28.9%) 0.60 (0.39,0.94)  0.021 0.63 (0.40,0.99)  0.048

Respiratory and 62 (139%) 29 (12.3%) 33 (15.6%) 0.77 (045,1.31)  0.315 0.80 (0.47,1.38)  0.424
cardio symptoms

Neurologic 139 (31.2%) 61 (26.0%) 78 (37.0%) 0.60 (0.40,0.91)  0.012 0.60 (0.39,0.92)  0.018
symptoms

Digestive/other 82 (184%) 36 (153%) 46 (21.8%) 0.66 (0.40,1.06)  0.078 0.69 (0.42,1.13)  0.137
symptoms

@ Based on mixed-effects logistic models with unstructured correlation matrix. Covariates were sociodemographic
characteristics (age, sex, regions, social vulnerability, race/ethnicity), variables for time, vaccination status and
interaction of time by vaccination status, as well as >1 comorbidity, previously tested positive for COVID-19, and
Nirmatrelvir/Ritonavir prescription. OR = odds ratio; CI = confidence interval.

3.4. Frequency of Symptoms

The study participants were stratified in three ordinal categories of self-reported
symptoms: <3, 3-5, >5 symptoms. The bivalent cohort presented with lower symptom
burden compared with the unvaccinated cohort. This was observed consistently across all
time points (Figure 3 and Supplementary Table S1).
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Figure 3. Distribution of study participants across ordinal categories of number of symptoms and
COVID-19 vaccination status, across time points (Week 4, Month 3, Month 6). For each vertical bar
chart, the sum of the percentages equals 100% (allowing for rounding).

4. Discussion

This longitudinal prospective survey-based study, conducted among symptomatic
adult outpatients with laboratory-confirmed SARS-CoV-2 infections, found that, compared
with the unvaccinated group, the cohort of patients that were vaccinated with the BNT162b2
BA.4/5 bivalent COVID-19 vaccine was associated with lower prevalence rates, odds and
burden of long COVID. The odds of having at least two or three symptoms consistent
with long COVID six months after the initial infection were reduced by approximately
40% by the bivalent vaccine. This effect was mainly driven by general and neurologic
symptoms; however, throughout the study period, almost all symptoms were less prevalent
or persistent in the bivalent cohort than among the unvaccinated. Further, the number of
COVID-19 symptoms was lower among those vaccinated with the bivalent vaccine, across
all time points.

To our knowledge, this is the first study that shows the impact of bivalent vaccination
on long COVID outcomes. While side-by-side comparisons with other studies are impaired
by design and methodological differences, our results are generally in line with prior
work on long COVID. Our observed prevalence rates of long COVID are in line with
published estimates among non-hospitalized US patients [2-7,15,25,26]. Four weeks after
the initial infection, approximately 30% of study participants reported experiencing at least
three symptoms consistent with long COVID, and 40% reported experiencing at least two
symptoms. Those percentages reduced to, respectively, 21% and 33% six months after
the initial infection. These results are within ranges found in other studies reporting a
prevalence of long COVID from 10% to 50% between one and six months following the
initial infection and onset of symptoms. However, while some of those studies included
asymptomatic patients [4,25], our study included exclusively the symptomatic population,
with 100% of participants reporting >1 acute symptom at baseline (per protocol), and
>1 symptom consistent with long COVID four weeks after infection.
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Despite differences in long COVID symptom lists across similar studies, our observed
mean symptom count is also in line with published work: the study participants reported a
mean of 2.6 symptoms at Week 4 following the initial infection, declining to 2.2 symptoms
six months following infection. Other studies reported a mean or median of three to
four symptoms [2-7,15,26].

The observed differences in long COVID symptoms outcomes by vaccination status
support other investigations suggesting that vaccination is associated with reduced risk for
long COVID [2-7,15,26]. In this study, we found that six months after the initial infection,
the bivalent cohort had approximately a 40% lower risk of long COVID, defined as either
the presence of at least two or three symptoms. High heterogeneity across studies has
precluded meta-analyses in several systematic literature reviews [10,11]. Three meta-
analyses reported that patients who had been vaccinated against COVID-19 with at least
one or two doses of the original monovalent COVID-19 vaccines had 40-60% reduced risk
of developing long COVID compared with patients who were not vaccinated [27-29]. In
our prior survey-based study assessing the effects of the original monovalent vaccination
on the risk of long COVID [18], the model-based results yielded 64% reduced odds of long
COVID for those boosted vs. those unvaccinated.

We emphasize that our study is of an observational nature and our findings should
be interpreted in the context of several limitations, despite relative consistency with the
prior literature. As previously described [17], study limitations included female over-
representation, the relatively healthy status of the source population, and the fact that the
study included adults only. These characteristics generally aligned with similar survey-
based US studies investigating long COVID outcomes. However, while the results may
be generalizable to a large part of the adult symptomatic US general population [2-5,25],
they do not generalize to children, inpatient, and high-risk populations. The study groups
had different baseline characteristics (age, race, SVI, comorbidities) and antiviral use. We
could not sufficiently assess levels of immunity, variations in healthcare access, behavioral
differences, and social determinants of health. Despite adjusting for several covariates,
including prior infection and SVI, risk of residual confounding may remain. All the data
collected were self-reported, and were, therefore, subject to missingness, errors, recall
bias, social desirability bias, and selection bias associated with survey attrition. Of the
504 participants, 12% discontinued at Month 6, possibly because of survey burden. While
this drop-off rate was relatively consistent with similar survey-based studies [5,26], this
study did not employ validated methods to assess self-report bias. As such, bias could
not be controlled for nor adjusted in the analyses, potentially affecting data accuracy and
the interpretation of data variance. While long COVID research is benefiting from studies
that, like ours, rely on self-reported symptoms and vaccination data as the primary source
of data [2-5,25], understanding sources of bias accompanying self-reported data is key to
limit their implications.

Further, the study did not explore differences between groups in terms of digital health
literacy. The study findings may not be applicable to prior or future variants or sub-lineages.
Lastly, our study is limited by the lack of a universal definition of long COVID. The primary
analyses of survey-based studies have generally assessed the prevalence of long COVID
based on the presence of one or more COVID-19 symptoms beyond the initial month of
infection [2-6]. While our analyses also used long COVID symptom presence for inclusivity,
future sensitivity analyses and research should differentiate the assessment of new-onset
symptoms vs. persistent or waxing and waning symptoms and explore subgroup analyses
based on factors modifying vaccine effectiveness, including potential synergistic effects
with antiviral medications. Future studies should also evaluate pre-existing symptoms to
limit the risk that those could be erroneously attributed to SARS-CoV-2 infection, and to
enable more precise medical assessments. Moreover, future research avenues could explore
additional health outcomes such as the assessment of severity of symptoms and time to
symptom resolution. Lastly, future studies could use a longer follow-up period beyond
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six months to more comprehensively capture the burden of long COVID and generate
additional insights into long-term vaccine effectiveness.

The BNT162b2 BA.4/5 bivalent COVID-19 vaccine has been shown to be effective at
preventing a range of COVID-19 infection outcomes in real-world data [30]. These data
support the potential protective association of BNT162b2 BA.4/5 bivalent vaccination in
reducing long COVID sequela. As the COVID-19 epidemic continues, concerns about
long-term health impacts and ways to prevent and treat long COVID persist [7]. As such,
these data highlight the importance of COVID-19 prevention and treatment, including
staying up to date with recommended COVID-19 vaccinations, and can help support long
COVID care efforts.

5. Conclusions

This study showed that long COVID symptoms persisted for months after the initial
infection among symptomatic adults. Receipt of the BNT162b2 BA.4/5 bivalent vaccine
was associated with a diminished risk and burden of long COVID symptoms. The study
findings were broadly consistent with the existing literature and provided novel insights
into the clinical effectiveness of the bivalent vaccine against disease symptoms experienced
after a breakthrough infection. These results reinforce the importance of staying up to
date with recommended COVID-19 vaccinations and support long COVID prevention and
management efforts.
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