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ABSTRACT

Background: While COVID-19 vaccination has been shown to reduce the risk of severe illness, its impact on the
occurrence of persistent symptoms in patients with mild Omicron infection remains uncertain. Our objective was
to investigate whether COVID-19 vaccination reduces the occurrence of persistent COVID-19-related symptoms
3 months after mild Omicron infection.

Methods: Multicenter prospective cohort study was conducted in Brazil between January 2022 and June 2023
when Omicron was predominant. Participants > 18 years seeking outpatient care for symptomatic SARS-CoV-2
infection were enrolled. Complete vaccination included individuals who received the full primary series and any
booster dose, while incomplete vaccination included those with incomplete primary series or no vaccination. The
primary outcome was any persistent symptoms at 3 months. Secondary outcomes were organ system-specific
persistent symptoms and the EQ-5D-3L utility score. All outcomes were assessed by means of structured tele-
phone interviews 3 months after enrollment.

Results: 1,067 patients were enrolled (median age, 39 years), of which 914 (871 completely vaccinated and 43
unvaccinated or incompletely vaccinated). Among the vaccinated participants the median time since the last
vaccine dose was 145 (interquartile range, 106-251) days. A total of 388/1067 (36.9 %) had a prior infection at
the time of study entry. The occurrence of overall persistent COVID-19-related symptoms at 3 months was 41.6 %
(n = 362) among completely vaccinated and 44.2 % (n = 19) among unvaccinated or incompletely vaccinated
patients (adjusted risk ratio [aRR], 0.87; 95 % confidence interval [CI], 0.61-1.23; p = 0.43). Complete vacci-
nation was associated with lower occurrence of mental health symptoms (aRR, 0.44; 95 % CI, 0.24-0.81; p =
0.01). No differences were found in the occurrence of persistent symptoms in other specific domains, nor in EQ-
5D-3L utility scores.

Conclusions: This study was not able to identify a statistically significant protection of complete COVID-19
vaccination against any overall persistent symptoms at 3 months. Nevertheless, complete vaccination was

associated with a lower occurrence of persistent mental health symptoms.

1. Introduction

Following recovery from the acute phase of COVID-19, a significant
proportion of patients continue to experience physical, cognitive, or
psychological symptoms. This phenomenon has been termed long
COVID or post COVID-19 condition [1-3]. However, there is no
consensus on the precise definition of long COVID, and the methodo-
logical limitations of the existing studies contribute to this issue.
Currently, long COVID is recognized as a major health concern, with
projections suggesting that its effects might afflict over 100 million in-
dividuals worldwide [2].

The effectiveness of COVID-19 vaccines in reducing acute compli-
cations of SARS-CoV-2 infection, such as hospitalization and mortality,
has been well established [4]. However, the impact of vaccination on
persistent COVID-19-related symptoms is not fully understood. While
some studies indicate a significant protective effect [5], others have
reported varying outcomes [6,7], including mixed results [8,9], no ef-
fect, or even the possibility of increased risk [6,7]. Most of the studies
conducted to date are observational and have limitations, such as low
sample size and an increased risk of systematic errors, such as selection
bias and confounding. Additionally, the majority of these studies were
conducted in contexts that may not necessarily be representative of the
current scenario characterized by high vaccination coverage and the
predominance of the Omicron variant as the main cause of COVID-19.
Evidence of the impact of vaccination on persistent COVID-19-related
symptoms among patients with mild SARS-CoV-2 infection is limited,
especially in the aforementioned scenario [7]. Accordingly, this study
was conducted when Omicron was a predominant variant, and it
investigated whether COVID-19 vaccination is associated with
decreased occurrence of persistent COVID-19-related symptoms 3
months after symptomatic mild SARS-CoV-2 infection.

2. Methods
2.1. Study design

This article describes an ancillary study of the Post COVID-19 Brazil
II study (NCT05197647), a prospective multicenter cohort designed to
assess quality of life and long-term disabilities among patients with
symptomatic mild SARS-CoV-2 infection in Brazil. The study rationale
and design have been published elsewhere [10]. Briefly, consecutive
adult patients with symptomatic COVID-19 not requiring hospitalization
were enrolled across 14 centers in Brazil (Supplementary e-Table 1 and
e-Fig. 1), and they were followed up using structured telephone in-
terviews. Vaccination status prior to COVID-19 diagnosis was assessed at
the time of enrollment. The presence of persistent COVID-19 self-re-
ported symptoms was assessed 3 months after enrollment, aligning with
the World Health Organization (WHO) definition of Long COVID or
Post-COVID Conditions, which specifies symptoms persisting or
emerging 3 months after initial SARS-CoV-2 infection. The institutional
review boards of all participating centers approved the study protocol.
Consent for participation was obtained from all enrolled patients or their
proxies.

2.2. Participants

The study included patients > 18 years of age seeking outpatient care
for symptomatic COVID-19, defined as the presence of at least one of the
following symptoms: fever, cough, sneezing, dyspnea, low peripheral
oxygen saturation (<95 % while breathing room air), dysosmia, ageusia,
rhinorrhea, sore throat, myalgia, arthralgia, or diarrhea, in addition to a
positive reverse transcription polymerase chain reaction (RT-PCR) or
antigen test for SARS-CoV-2 infection. Confirmed positive test results
were a strict eligibility criterion. Exclusion criteria were severe under-
lying illnesses with a life expectancy of less than 3 months, need for
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COVID-19-related hospitalization within 30 days following inclusion,
lack of a responsible family member (for patients with communication
difficulties such as aphasia, cognitive deficit, and non-Portuguese
speakers), unavailability for telephone contact, withdrawal of consent,
and previous inclusion in the study. Patients with unknown vaccination
status were also excluded from the analysis.

2.3. Vaccination status

COVID-19 vaccination status was based on source documentation or
plausible reporting by the patient or their proxies at the time of
enrollment. The primary exposure variable was complete vaccination,
which included (I) those with only the primary vaccination series (i.e.,
two doses of the CoronaVac, ChAdOx1 nCov-19, or BNT162b2 vaccines
or the single-dose Ad26.Cov2.S vaccine) and (II) those with the primary
vaccination series plus one or more booster doses. The reference group
for the primary exposure consisted of participants who had not received
any COVID-19 vaccine and those with an incomplete primary series (i.e.,
a single dose of the CoronaVac, ChAdOx1 nCov-19, or BNT162b2 vac-
cines) prior to enrollment. The secondary exposure variable was com-
plete vaccination plus one or more booster doses (versus complete
vaccination without a booster dose) (Supplementary e-Table 2).

2.4. Outcomes and follow-up

The primary outcome was any persistent COVID-19-related symp-
toms 3 months after study enrollment. To identify persistent symptoms,
patients were questioned about COVID-19-related symptoms during the
3-month evaluation, considering the resolution or persistence of (I)
symptoms initially linked to the COVID-19 diagnosis and (II) new
symptoms emerging post-COVID. Symptoms were self-reported and
classified according to the symptoms described in the literature on “long
COVID” and “post COVID-19 condition” (Supplementary e-Table 3)
[3,11,12]. Secondary outcomes were organ system-specific persistent
symptoms (general, neurological, respiratory, and mental health) [13]
(Supplementary e-Table 4) and a health-related quality-of-life utility
score, measured at 3 months by the three-level version of the EuroQol
five-dimension (EQ-5D-3L) [14] descriptive system (range, —0.17 to 1.0,
where negative values are valued as worse than death, and 1.0 is the best
health state possible). The estimated minimal clinically important dif-
ference in EQ-5D-3L score is 0.03 [15], and the mean value for the
Brazilian population is 0.82 [16].

All outcomes were assessed by trained researchers not involved in
patient care by means of structured telephone interviews 3 months after
enrollment. Patients were classified as lost to follow-up after 10 un-
successful attempts at telephone contact at different times of day on
several days.

2.5. Power analysis

The actual sample size of 914 analyzed patients has a statistical
power of 80 % to detect vaccine effectiveness > 46 % for the primary
outcome with an alpha of 0.05. This estimate takes into account the
observed uneven group sizes (871 completely vaccinated and 43 un-
vaccinated or incompletely vaccinated). To calculate the power, logistic
regression methodology was used for a binary predictor [17].

2.6. Statistical analysis

Continuous variables are expressed as median and interquartile
range (IQR). Categorical variables are expressed as counts and per-
centages. Poisson regression with robust variance adjusted for age, sex,
history of anxiety or depression, Charlson comorbidity index (CCI), and
SARS-CoV-2 variant proxy period (periods in which different Omicron
subvariants were predominant) was used to estimate the adjusted risk
ratios (aRRs) of the primary outcome among exposed and non-exposed
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groups. The variables selected for the multivariate model were chosen
based on existing evidence in the literature regarding long COVID.
Vaccine effectiveness was estimated by the formula (1 —aRR) x 100. The
EQ-5D-3L utility score was evaluated using a gaussian regression model
adjusted for the same covariates used in the primary outcome analysis.
Additional outcomes were assessed using the same model used for the
primary outcome. To check for consistency and possible biases, we
performed five sensitivity analyses for the primary outcome: (I)
excluding individuals with a CCI > 0 to avoid the effect of preexisting
comorbidities on persistent symptoms; (II) using only unvaccinated
patients as the reference group for the primary exposure to avoid a
potential effect of incomplete primary vaccination series on the primary
outcome analysis; (III) adding to the primary statistical model additional
baseline variables that were unbalanced across the two primary expo-
sure groups (years of education being a healthcare worker and number
of COVID symptoms at inclusion); (IV) adding to the primary statistical
model the number of acute COVID-19 symptoms; and (V) excluding
participants with a baseline history of anxiety or depression. All statis-
tical analyses were performed in R version 4.3.0 [18]. All tests were two-
tailed, and p values < 0.05 were considered statistically significant. The
confidence interval (CI) widths or p values of secondary outcomes were
not adjusted for multiple testing.

3. Results
3.1. Recruitment and follow-up

From January to November 2022, 1,173 patients were screened; of
these, 1,067 were enrolled (Fig. 1). One patient died and 32 withdrew
consent before outcome assessment, and 120 patients missed the 3-
month follow-up assessment. Therefore, 914 patients were ultimately
included in the primary outcome analysis (871 completely vaccinated
and 43 unvaccinated or incompletely vaccinated). The last follow-up
was performed in June 2023. Compared with patients included in the
primary outcome analysis (Supplementary e-Table 4), the group of pa-
tients who died, withdrew consent, or missed the 3-month assessment
had fewer years of education, a lower proportion of health care workers,
and fewer individuals with a history of smoking and depression at
baseline (Supplementary e-Table 6). Supplementary e-Table 7 shows the
characteristics of participating centers, most of which were teaching
hospitals designated as referral centers for outpatient COVID-19
management.

3.2. Baseline characteristics

Table 1 and e-Fig S4 show the baseline characteristics of all enrolled
participants. The median age was 39 years, and 69.2 % of patients were
women. Most patients (84.4 %) had a CCI of zero, and 44.2 % were
health care workers. A detailed description of COVID-19 vaccines
administered is provided in e-Fig S3. Compared with completely
vaccinated patients, the group of unvaccinated or incompletely vacci-
nated patients had fewer years of education, a lower median number of
COVID-19-related acute symptoms, a lower proportion of health care
workers, and fewer individuals with a history of anxiety at baseline.
Among the vaccinated participants the median time since the last vac-
cine dose was 145 (interquartile range, 106-251) days. A total of 388/
1067 (36.9 %) had a prior infection at the time of study entry.

3.3. Overadll persistent symptoms

At 3 months, persistent COVID-19-related symptoms were found in
381 of 914 (41.6 %) participants. The most commonly reported symp-
toms were memory loss in 211 participants (23 %), myalgia in 150 (16
%), fatigue in 149 (16 %), headache in 92 (10 %), concentration prob-
lems in 90 (10 %), hair loss in 75 (8 %), anxiety in 59 (6 %), and
shortness of breath in 40 (4 %). The frequency of persistent COVID-19-
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[ 1173 Screened participants according to elegibility criteria ]

106 excluded
3 absence of SARS-COV-2-RT-PCR or antigen test
2 asymptomatic
8 ambulatory visit requiring hospitalization
3 no telephone contact

A

4

54 did not consent

12 participant already included
6 consent withdrawal

18 without vaccination status

| 1067 included I

Y

[ 48 incomplete vaccination schedule ]

2 partial consent withdrawal
3 missed evalvation

A

3 months follow-up
43 evaluated

v

P
Unvaccinated Incomplete Vaccination

ay

16

[ 1019 complete vaccination schedule ]

1 death
30 partial consent withdrawal
117 missed evaluation

Y

3 months follow-up
871 evaluated

Complete vaccinated
with booster dose
776

Complete vaccinate
without booster dose
a5

Fig. 1. Study flowchart.

related symptoms stratified by the organ system is shown in e-Fig S5 and
e-Fig S6. Of the 381 participants who reported overall persistent
symptoms, 275 (72.2 %) reported general symptoms, 278 (73.0 %) re-
ported neurological symptoms, 93 (24.4 %) reported mental health
symptoms, and 73 (19.2 %) reported respiratory symptoms. Among the
participants with persistent COVID-19-related symptoms, 19 (5.0 %)
reported symptoms affecting all domains (general, neurological, respi-
ratory, and mental health), whereas 204 (53.5 %) had persistent
symptoms in two or more domains (e-Fig S5).

3.4. Outcomes

Results for the primary and secondary study outcomes are summa-
rized in Table 2 and Table 3. There was no significant difference in the
primary outcome between the two primary exposure groups: the
occurrence of overall persistent COVID-19-related symptoms at 3

months was 41.6 % (n = 362) among completely vaccinated patients
and 44.2 % (n = 19) among unvaccinated or incompletely vaccinated
patients (aRR, 0.87; 95 % CI, 0.61-1.23; p = 0.43). The results of
sensitivity analyses for the primary outcome were similar to those of the
main analysis (Supplementary e-Table 8). Completely vaccinated pa-
tients had a significantly lower occurrence of mental health symptoms
than those with incomplete or no vaccination (9.6 % vs 20.9 %; aRR,
0.44; 95 % CI, 0.24-0.81; p = 0.01). However, no significant differences
were found between the two primary exposure groups in the occurrence
of persistent symptoms in the general, neurological, or respiratory do-
mains, nor in the mean number of organ systems affected or EQ-5D-3L
utility scores, as shown in Table 2.

There was no significant difference between completely vaccinated
patients who received a booster dose and those who did not receive a
booster dose regarding the occurrence of any overall persistent symp-
toms, neurological, respiratory or general persistent COVID-19-related
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Table 1

Characteristics of participants enrolled.

Vaccine: X 21 (2024) 100579

All cohort (n =
1,067)

Unvaccinated or incompletely
vaccinated group (n = 48)

Completely vaccinated
group (n = 1,019)

Completely vaccinated without
a booster dose group (n = 132)

Completely vaccinated with a
booster dose group (n = 887)

Sex
Female

Age, median (IQR)
Age > 60 years

2

Self-identified race”
White

No White
Years of education

Health care worker
History of smoking

Hazardous alcohol
consumption’
BMI

CCr<1
History of anxiety

History of depression
Number of COVID
symptoms at inclusion
SARS-CoV-2 variants by
proxy variant period
BA.1

BA.2

BAS

BQL.1

738/1,067
(69.2)

39.0
(30.8;50.0)
133/1.067
(12.0)

794/1,066
(74.5)
272/1,066
(25.5)

15.0
(11.0;17.0)
410/929 (44.1)
108/1,061
(10.2)
88/1,067 (8.3)

25.9
(23.3;29.4)
900/1,067
(84.4)
194/1,061
(18.3)
86/1,060 (8.1)
4.00 (3.0;6.0)

52/1,067 (4.9)
319/1,061
(29.9)
592/1,067
(55.5)
104/1,067
(9.8)

29/48 (60.4)
35.0 (26.0;47.0)

8/48 (17.0)

37/48 (77.1)
11/48 (22.9)
11.0 (10.0;15.5)

9/39 (23.1)
4/47 (8.5)

3/48 (6.3)

25.7 (23.3;29.3)
39/48 (81.3)
3/48 (6.3)

3/48 (6.3)
3.00 (2.0;4.0)

2/48 (4.2)
20/48 (41.7)

21/48 (43.8)

5/48 (10.4)

709/1,019 (69.6)
39.0 (31.0;50.5)

125/1,019 (12.0)

757/1,018 (74.4)
261/1,018 (25.6)
15.0 (11.0;18.0)

401/890 (45.1)
104/1,014 (10.3)

85/1.019 (8.3)
25.9 (23.3;29.4)
861/1,019 (84.5)
191/1,013 (18.9)

83/1,012 (8.2)
4.00 (3.0;7.0)

50/1,019 (4.9)
299/1,019 (29.3)

571/1,019 (56.0)

99/1,019 (9.7)

83/132 (62.8)

37.0 (28.8;49.3)

10/132 (8.0)

110/132 (83.3)

22/132 (16.7)

13.0 (10.0;16.0)

20/111 (18.0)
11/130 (8.5)

9/132 (6.8)

26.5 (23.6;29.5)

116/132 (87.9)

12/131 (9.2)

7/131 (5.3)
3.00 (2.0;5.0)

16/132 (12.1)
40/132 (30.3)

68/132 (51.5)

8/132 (6.1)

626/887 (70.6)

39.0 (31.0;51.0)

115/887 (13)

647/886 (73.0)

239/886 (27.0)

15.0 (11.0;18.0)

381/779 (48.9)
93/884 (10.5)

76/887 (8.6)

25.9 (23.2;29.4)

745/887 (84.0)

179/882 (20.3)

76/881 (8.6)
4.00 (3.0;7.0)

34/887 (3.8)
259/887 (29.2)

503/887 (56.7)

91/887 (10.3)

Data are presented as n/N (%) or median (interquartile range). BMI, body mass index; CCI, Charlson comorbidity index.
> 14 standard drinks per week for women and 21 standard drinks per week for men.

1

2 > According to IBGE (Brazilian Institute of Geography and Statistics), there are five main categories of racial self- identification in Brazil: White (descendants of
Europeans), No White: Black (descendants of Africans), Brown, Yellow (descendants of Asians), and Indigenous.

Table 2

Comparison of outcomes between completely vaccinated and unvaccinated or incompletely vaccinated patients.

Unvaccinated or Completely Crude model Adjusted model**
incompletely vaccinated vaccinated
(n=43) (n = 871) Effect size’ VE (95 % CI) p Effect size' VE (95 % CI) P
(95 % CI) (95 % CI)
Any persistent COVID-19-related 19/43 (44.2) 362/871 (41.6) 0.94 (0.67 to 5.94 % (-32.8 % 0.73 0.87 (0.61 to 13.0 % (-23.1 % 0.43
symptoms 1.33) to 33.4 %) 1.23) to 38.5 %)
Organ system-specific persistent
COVID-19-related symptoms
Neurological 15/43 (34.9) 263/871 (30.2) 0.87 (0.57 to 13.4%(-31.8% 0.50  0.80 (0.52 to 19.9% (-22.7 %  0.31
1.32) to 43.2 %) 1.23) to 47.7 %)
Mental health 9/43 (20.9) 84/871 (9.6) 0.46 (0.25 to 53.9 % (14.7 % 0.01 0.44 (0.24 to 56.1 % (19.2 % 0.01
0.85) to 75.1 %) 0.81) to 76.1 %)
Respiratory 6/43 (14.0) 70/871 (8.0) 0.58 (0.27 to 424%(-251% 0.16 0.54 (0.25to 46.3%(-16.2%  0.11
1.25) to 73.5 %) 1.16) to 75.2 %)
General 14/43 (32.6) 261/871 (30.0) 0.92 (0.59 to 7.9 % (—43.2% 0.71 0.83 (0.54 to 17.0 % (—-27.3 % 0.39
1.43) to 40.8 %) 1.27) to 45.9 %)
EQ-5D-3L
n assessed 41 851
Mean (SD) 0.83 (0.19) 0.84 (0.15) 0.001 (—0.04 N/A 0.74  0.02 (-0.03 N/A 0.41
to 0.06) to 0.07)

Median (IQR)

0.80 (0.74, 1.00)

0.80 (0.74, 1.00)

Data are presented as n/N (%) unless otherwise specified. CI, confidence interval; SD, standard deviation; VE, vaccine effectiveness; EQ-5D-3L, EuroQol 5-dimension 3-

level questionnaire.

**An effectiveness assessment of vaccination status was adjusted for the following confounding variables: age, sex, history of anxiety or depression, Charlson co-
morbidity index, and the proxy period for SARS-CoV-2 variants.
! Risk ratio for persistent COVID-19, classified into domains, EQ-5D-3L below the Brazilian mean and difference in means for EQ-5D-3L.
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Table 3
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Comparison of outcomes between completely vaccinated patients without a booster dose and completely vaccinated patients who received at least one booster dose.

Completely vaccinated
without a booster dose

Completely vaccinated
with a booster dose

Crude model

Adjusted model*

Effect size’

Effect size’

(n =95) (n=776) VE (95 % CI) P VE (95 % CI) p

(95 % CI) (95 % CI)

Any persistent COVID-19- 43/95 (45.3) 319/776 (41.1) 091 (0.72to0  9.18 (-15.1 % 0.43 0.81(0.64to 195%(-1.7% 0.07

related symptoms 1.15) to 28.3 %) 1.02) to 36.3 %)

Organ system-specific

persistent COVID-19-related

symptoms

Neurological 31/95 (32.6) 232/776 (29.9) 0.92(0.67to  8.38 (—24.7 % 0.58 0.78(0.57to 21.8%(-6.8%  0.12
1.25) to 32.7 %) 1.07) to 42.8 %)

Mental health 13/95 (13.7) 71/776 (9.1) 0.67 (0.39to  33.14(-16.1% 0.15 0.57(0.33t0 43.3% (1.9% 0.04
1.16) to 61.5 %) 0.98) to 67.2 %)

Respiratory 8/95 (8.4) 62/776 (8.0) 0.95(0.47to  5.12(-912.0% 0.88 0.83(0.41to 17.2% (-68.4 0.60
1.92) to 53.1 %) 1.68) % to 59.3 %)

General 32/95 (33.7) 229/776 (29.5) 0.88 (0.65 to 12.39 (—18.5 % 0.39 0.75 (0.56 to 24.7 % (—0.9 % 0.06
1.19) to 35.3 %) 1.01) to 43.9 %)

EQ-5D-3L

n assessed 920 761

Mean (SD) 0.85 (0.15) 0.84 (0.15) —0.01 N/A 0.52 0.01 (-0.02 N/A 0.48
(—0.05 to to 0.05)
0.02)

Median (IQR)

0.80 (0.74,1.00)

0.80 (0.74,1.00)

Data are presented as n/N (%) unless otherwise specified. CI, confidence interval; SD, standard deviation; VE, vaccine effectiveness; EQ-5D-3L, EuroQol 5-dimension 3-
level questionnaire.
**An effectiveness assessment of vaccination status was adjusted for the following confounding variables: age, sex, history of anxiety or depression, Charlson co-
morbidity index, and the proxy period for SARS-CoV-2 variants.

! Risk ratio for persistent COVID-19, classified into domains, EQ-5D-3L below the Brazilian mean and difference in means for EQ-5D-3L.
symptoms, nor in mean EQ-5D-3L utility scores at 3 months, as shown in 4. Discussion
Table 3. Nevertheless, completely vaccinated patients who received a
booster dose had a significantly lower occurrence of mental health
symptoms (9.1 % vs 13.7 %; aRR, 0.57; 95 % CI, 0.33-0.98; p = 0.04)
and a higher mean number of organ systems affected (0.64 vs 0.67; p =
0.03) than completely vaccinated patients without a booster dose. The
comparison of individual persistent COVID-19-related symptoms across
exposure variables is shown in Fig. 2. There was no statistically signif-
icant difference in any of the overall persistent symptoms when
compared across the different vaccine groups.

In this multicenter prospective cohort of relatively young healthy
patients with symptomatic mild Omicron infection, we found that, at 3-
month follow-up, the overall occurrence of persistent COVID-19-related
symptoms was 41.6 %.The occurrence of persistent COVID-19-related
symptoms at 3 months did not differ significantly between completely
vaccinated and unvaccinated or incompletely vaccinated patients.
However, the occurrence of persistent mental health symptoms was
significantly lower in completely vaccinated than in unvaccinated or
incompletely vaccinated patients, and also lower for those completely
vaccinated with a booster dose vs those with a complete primary
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The findings of this study regarding the occurrence of persistent
COVID-19-related symptoms at 3 months are distinct from those
observed in previous studies. Patients have reported severe problems in
different domains - including the general health domain of the 36-Item
Short Form Health Survey, several subdomains of the Nijmegen Clinical
Screening Instrument, and the fatigue domains of both instruments - 3
months after recovery from mild acute COVID-19 [19]. Our estimate of
the occurrence of persistent COVID-19-related symptoms at 3 months
was lower than that of previous studies conducted with different pop-
ulations. Goértz et al., assessing a completely unvaccinated population,
found that a large percentage of patients still experienced respiratory
symptoms after 3 months: 71 % reported shortness of breath, 29 % had a
cough, and 24 % had pain in their lungs [20]. Dennis et al. reported that,
of 201 individuals assessed, 70 % had impairment in at least one organ
system and 29 % had multiorgan impairment, with overlap across
multiple organs [3]. In contrast, our estimate of the occurrence of
persistent COVID-19-related symptoms at 3 months was higher than that
of the Netherlands Cohort study, which reported that, in 12.7 % of pa-
tients with COVID-19, increased core symptoms with moderate severity
at 3 months after COVID-19 could be attributed to SARS-CoV-2 infection
[21]. A recently published study with a majority of Omicron cases
showed a lower risk of long-term symptoms (only 13.6 %) compared
with other variants. Vaccination did not appear to significantly reduce
this risk [22]. Differences in the findings among the cited studies are
mainly due to variations in the severity of the populations, the lack of
standardized diagnostic criteria for COVID-19, and varying methods for
collecting persistent symptoms. Long-term post-COVID-19 symptoms
significantly impact quality of life in a substantial number of individuals
[23]. Nevertheless, the majority of the initial studies assessing persistent
symptoms and their influence on quality of life were conducted in
populations with severe disease who required hospitalization [24,25].

The impact of different COVID-19 vaccination protocols on COVID-
19 symptom persistence remains unknown. A study using big data
techniques found a protective effect against long-term symptoms even
for single COVID-19 vaccine doses [5]. However, two systematic reviews
suggest that the findings are inconclusive and additional studies are
required [6,7]. More recently, a study of 441,583 veterans with SARS-
CoV-2 found that the incidence of post-acute sequelae (PASC)
decreased from 10.42 per 100 in the pre-delta era to 7.76 in the omicron
era among unvaccinated individuals, with vaccinated individuals
experiencing even lower rates (5.34 and 3.50 events per 100 persons).
The decline was mainly due to vaccination (71.89 %) and virus changes
(28.11 %), but the risk of PASC remained significant among vaccinated
individuals during the omicron phase [26].

We considered several potential explanations for the lack of a pre-
ventive effect of complete vaccination against the occurrence of
persistent COVID-19-related symptoms in our study. First, this study had
a limited power to detect small differences in the primary outcome
across study groups; nevertheless, the study had an appropriate sample
size to detect meaningful differences in vaccine effectiveness that would
support its use for preventing persistent COVID-19-related symptoms.
Second, the highly heterogeneous definition of symptoms, which in-
cludes different degrees of severity and self-reported symptoms without
an established medical diagnosis of long COVID, is a limitation. Third,
COVID-19 vaccines may not be effective in reducing long COVID-19, as
more than 35 % of participants from a mostly vaccinated population
with booster doses reported the occurrence of overall persistent
symptoms.

When assessing persistent symptoms by organ system-specific do-
mains, we found no differences in general, neurological, or respiratory
symptoms according to vaccination status. However, complete vacci-
nation was associated with a lower prevalence of mental health-related
persistent symptoms. Participants who received more vaccine doses had
less anxiety and depression than unvaccinated participants or those with
an incomplete vaccination schedule, suggesting a possible relationship
between vaccination and improved mental health. Our study does not
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explore the mechanisms whereby full vaccination might promote a
better mental health; however, some direct and indirect effects of
vaccination on mental health may be addressed. Neurological disorders
due to a direct effect of SARS-CoV-2, as the virus can cross the blood—
brain barrier and cause neuroinflammation, could be linked to poor
mental health after the acute phase of the illness, due to the limited
viremia associated with several vaccines [27]. This finding may be
consistent with the hypothesis that a vaccine might accelerate clearance
of the remaining SARS-CoV-2 virus from specific body compartments or
partially blunt the host immune response, which has been implicated in
the development of long COVID [5,28]. Also, the lower rate of severe
COVID-19 cases among vaccinated individuals may have led to a sense
of safety, resulting in improved long-term mental health. A recent
observational study of self-reported symptoms goes further, concluding
that vaccination may also reduce the likelihood and intensity of long
COVID [9].

Prior studies evaluating symptom persistence according to vaccina-
tion status share limitations, such as populations with more severe
COVID-19 cases (participants with comorbidities or requiring hospital-
ization for COVID-19) and retrospective designs. Notably, two recent
systematic reviews included studies with significant limitations: the
diagnosis of long COVID was based on participants’ self-reported
symptom duration or data from electronic health records and ICD-10
codes, rather than on diagnoses made by health professionals, as
anticipated in most of the included studies; and the cutoff time frames
used to define long COVID were heterogeneous, with the shortest being
28 days [6,8]. While several studies did observe changes in symptoms
post-vaccination, they were primarily cross-sectional in design, making
it challenging to establish definitive causality. Therefore, we excluded
these studies from our analysis. Additionally, it bears noting that the
characteristics and symptoms of long COVID are only now becoming
well-established through global data collection efforts.

Strengths of the present study include its nationwide, multicenter
design, prospective data collection, and enrollment of only patients
symptomatic with laboratory-confirmed COVID-19. Finally, most
studies assessing the impact of vaccination on long COVID have been
conducted in European, U.S., and Asian contexts; this is one of the few
studies that have evaluated this research question in South America.

4.1. Limitations

This study has limitations. First, it is potentially affected by two
major sources of bias: recall bias regarding the exposure factor (to
mitigate this, we implemented established strategies, such as using
standardized questionnaires and minimizing recall periods) and the
Hawthorne effect (to mitigate this, we stressed participant confidenti-
ality and anonymity during data collection). Second, although the study
was adequately powered to detect vaccine effectiveness values
commonly used to recommend vaccine adoption in practice (>50 %
[29]), the ancillary nature of our analyses might have hindered the
detection of small of small yet potentially meaningful differences.
Accordingly, the numerical imbalance between the groups contributed
significantly to the reduced statistical power (yet inevitable in a real-
world setting). Moreover, the current sample size does not allow
ruling out a potentially meaningful vaccine effect of 38 % (upper limit of
the 95 % CI) for the primary outcome as well as a clinically relevant
effect of vaccination on individual persistent COVID-19-related symp-
toms. Third, there was a significant imbalance between the exposed and
unexposed groups due to high vaccination rates during the recruitment
phase, which may have confounded the association between vaccination
and outcomes. However, we conducted sensitivity analyses to adjust for
imbalanced variables, and the results obtained were consistent with the
primary analysis. Despite efforts to adjust for covariates, unmeasured
confounding variables might still be present and impact the observed
associations. Fourth, our study was deliberately designed to include only
individuals with symptomatic mild COVID-19; the effects of vaccination
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on symptom persistence may be different in patients with more severe
disease. Fifth, the criterion used to define mild COVID was the absence
of hospitalization. Sixth, asymptomatic individuals were not included in
the study. However, it cannot be ruled out that COVID was a significant
health event for these participants, given that the symptoms were severe
enough to prompt seeking medical care. Finally, it is essential to
recognize that, besides the potential for the vaccine to reduce persistent
COVID-19-related symptoms among patients infected with SARS-CoV-2,
it may also decrease the probability of persistent COVID-19-related
symptoms by preventing infection or causing infections to be
asymptomatic.

5. Conclusion

In this study conducted with a relatively young and healthy popu-
lation with mild Omicron infection, we were not able to identify a sta-
tistically significant protection of complete COVID-19 vaccination
against any overall persistent symptoms at 3 months. Nevertheless,
complete vaccination was associated with a lower occurrence of
persistent mental health symptoms.

Data Sharing

R codes used for statistical analyses are available at https://gitlab.
com/mariana.dias3/persistent-covid-19-related-symptoms-3-months.
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