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Abstract

Background.—Data are limited on whether vaccination reduces post COVID conditions (PCCs)
risk after less severe nonhospitalized coronavirus disease 2019 (COVID-19). This study assessed
whether COVID-19 vaccination protected against PCCs in persons with mild initial infections
during Delta and Omicron variant predominance.

Methods.—This study utilized a case-control design, nested within the HEROES-RECOVER
cohort. Participants aged =18 years with test—confirmed severe acute respiratory syndrome
coronavirus disease 2 (SARS-CoV-2) between 28 June 2021 and 14 September 2022 were
surveyed for PCCs, defined by symptoms lasting >4 weeks after initial infection. Cases self-
reported PCCs and controls self-reported no PCCs. The exposure was messenger RNA (mRNA)
COVID-19 vaccination (2 or 3 monovalent doses). Odds of PCCs among vaccinated and
unvaccinated persons were compared with logistic regression.

Results.—Of 936 participants, 23.6% reported PCCs and 83.2% were vaccinated. Participants
who received 3 vaccine doses had lower odds of PCC-related gastrointestinal, neurological, and
other symptoms compared to unvaccinated participants (adjusted odds ratio [95% confidence
interval]: 0.37 [.16-.85], 0.56 [.32-.97], and 0.48 [.25-.91], respectively).

Conclusions.—COVID-19 vaccination protected against development of PCCs among persons
with mild infection during both Delta and Omicron variant predominance, supporting vaccination
as an important PCCs prevention tool.

Keywords
post-COVID conditions; COVID-19 vaccines; mMRNA vaccines; Long COVID; COVID-19

Post COVID conditions (PCCs), also referred to as long COVID, are estimated to impact
millions of Americans [1, 2]. A study analyzing prevalence of long COVID, using the
Household Pulse Survey data, among United States (US) adults reporting previous severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection found that 11.0% of
adults who self-reported SARS-CoV-2 infection describe having symptoms lasting 3 months
or longer [3]. The Centers for Disease Control and Prevention defines PCCs as physical and
mental health symptoms and conditions that persist =4 weeks after SARS-CoV-2 infection.
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PCCs may occur regardless of initial disease severity and may present as persistent
symptoms that do not resolve after initial infection, symptoms that recur after a period

of improvement, or symptoms that newly occur after the acute infection resolves [4]. The
most common symptoms associated with PCCs are fatigue, memory problems, dyspnea,
sleep problems, and joint pain [5]. Some symptoms may reflect development of new medical
conditions including diseases affecting the cardiovascular system (eg, myocarditis, heart
failure, cardiac dysrhythmias, stroke), chronic kidney disease, neurologic conditions, and
diabetes [5-8]. When assessing symptom clusters in both vaccinated and unvaccinated
persons who tested positive for SARS-CoV-2, cardiorespiratory, central neurological, and
multiorgan systemic inflammatory symptom clusters were most commonly detected among
self-reported symptoms lasting >28 days after acute infection [9].

Among persons who have had acute SARS-CoV-2 infection that did not require
hospitalization, several risk factors for subsequent development of PCCs have been
identified, including female sex, smoking, obesity, and presence of comorbidities [7]. Less is
understood about factors that may reduce risk of developing PCCs. While there is growing
evidence that coronavirus disease 2019 (COVID-19) vaccines reduce the frequency and
symptoms of PCCs following infection, most studies have focused on persons with severe
initial infection caused by ancestral and early SARS-CoV-2 variants [7, 8, 10-16]. While
there is some evidence that earlier variants were associated with higher likelihood of PCCs,
even when controlling for time since vaccination, this finding has not been consistent and
factors that reduce risk of PCCs during predominance of the SARS-CoV-2 Omicron variant
and sublineages after nonsevere COVID-19 illness, which represent the majority of ongoing
infections in the US, remain less well understood [10, 17, 18].

Using a multisite prospective cohort of frontline and essential workers, a substudy was
performed to assess the odds of developing PCCs after an acute SARS-CoV-2 infection
during SARS-CoV-2 Delta and Omicron variant predominance among persons who had
received 2 or 3 doses of a monovalent messenger RNA (mMRNA) COVID-19 vaccine
compared to persons who were unvaccinated at the time of infection. By focusing on
persons with predominantly nonsevere initial infection during Delta and Omicron variant
predominance, this study addresses an important gap in the understanding of the role of
COVID-19 vaccines in preventing or mitigating PCCs and postinfection medical care.

METHODS

Study Design and Population

A retrospective nested case-control analysis was performed among participants enrolled

in the preexisting HEROES-RECOVER longitudinal cohort study who tested positive

for SARS-CoV-2 and completed an online survey asking about self-report of PCCs.

The HEROES-RECOVER network consists of 2 jointly run prospective cohorts: the
Avrizona Healthcare, Emergency Response, and Other Essential Workers Surveillance Study
(HEROES) and Research on the Epidemiology of SARS-CoV-2 in Essential Response
Personnel (RECOVER) [19, 20]. This network is comprised of healthcare workers, first
responders, and other essential workers (such as persons working in hospitality, food
service, education, and other essential infrastructure operations) across 6 US states:
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Arizona (Phoenix, Tucson, and other areas), Florida (Miami), Minnesota (Duluth), Oregon
(Portland), Texas (Temple), and Utah (Salt Lake City). The network began data collection in
July 2020 and followed participants weekly through April 2023 for HEROES and May 2023
for RECOVER to collect exposure and infection information. Participants self-collected
mid-turbinate nasal swabs weekly, regardless of symptoms, and an additional nasal and
saliva swab at the onset of any illness symptoms. Sociodemographic information, prescribed
daily medication use, COVID-19 vaccination status, worker knowledge and perceptions

of COVID-19 infections and vaccines, and COVID-19 exposure and personal protective
equipment use were collected through electronic surveys. History of prior SARS-CoV-2
infection was determined based on self-report of infection at enrollment and/or presence

of antibodies at enrollment blood draw. Serum was collected at enrollment, approximately
every 3 months during the study, and after vaccination.

The present analysis was conducted among cohort participants following an in-study SARS-
CoV-2 infection occurring between 28 June 2021 and 14 September 2022. Participants with
documented infection in this timeframe were sent an online survey (“Long COVID” survey)
asking them to report symptoms of PCCs, defined as any symptoms persisting 1 month or
longer after the initial illness; surveys were distributed between May and December 2022,
To ensure at least 1 month had elapsed since initial infection, surveys were distributed at
least 60 days after the illness start date, defined as the earliest of either the initial infection
symptom onset date or date of positive qualitative reverse-transcription polymerase chain
reaction (RT-PCR) SARS-CoV-2 specimen collection.

Actively enrolled participants in Arizona, Florida, Minnesota, Texas, and Utah were eligible
to receive the survey. The analysis excluded participants with a history of SARS-CoV-2
infection prior to study enrollment (determined through self-report at enrollment or evidence
of infection-induced SARS-CoV-2 antibodies on enrollment blood draw). Participants were
also excluded who (1) had an in-study infection with a SARS-CoV-2 variant other than the
Delta or Omicron variant, (2) had an incomplete survey or completed the survey <60 days
after infection, (3) completed the survey for an infection other than their first, (4) received

a non-mRNA COVID-19 vaccine, (5) had indeterminate or partial vaccination status, (6)
had an infection that occurred after >4 doses of COVID-19 vaccination, (7) received an
mRNA COVID-19 vaccination after infection but before survey completion, or (8) had a
first in-study infection that occurred between a first and second dose of mMRNA COVID-19
vaccine (Figure 1).

All participants provided written informed consent, and their common protocols and
procedures were approved by the institutional review boards at participating sites.

Respiratory Specimen Testing

Nasal swab specimens were tested by RT-PCR assay at the Marshfield Clinic Research
Institute (Marshfield, Wisconsin). Whole genome sequencing was conducted on eligible
samples to determine virus lineage. For ineligible specimens (cycle threshold value =30),
virus sequence was presumptively assigned as the Delta variant when Delta accounted for
>50% of viruses sequenced from other specimens at each site; specimens were presumed to
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be the Omicron variant when =50% of viruses sequenced were Omicron for each site. The
detailed specimen collection and testing procedure is outlined in Supplementary Table 3.

COVID-19 vaccination status was the primary exposure of interest. Participants self-reported
vaccination dates and manufacturers through electronic or phone surveys; self-report was
verified via uploaded images of vaccination cards in all sites. This was further verified

by electronic medical records and state immunization registries from sites in Arizona,
Minnesota, Texas, and Utah. Vaccination status was defined in relation to initial infection
date: vaccinated with 2 doses if 2 doses were received =14 days prior to initial infection,
vaccinated with 3 doses if 3 doses were received =7 days prior to initial infection, or
unvaccinated (no doses received prior to infection). Only monovalent COVID-19 mRNA
vaccines were considered in the analysis.

The outcome of interest was PCCs, defined as self-reported symptoms persisting =4 weeks
after acute infection on self-report during survey. Cases were defined as participants who
reported at least 1 symptom persisting for longer than a month when asked, “Since

your COVID-19 illness ... have you had any of the below symptoms lasting over 4
consecutive weeks?” Controls were defined as those who completed the PCC survey and
did not report at least 1 symptom persisting for at least a month or longer. The full

list of symptoms defining PCCs is provided in Supplementary Table 1. Symptoms could
have been continuous since initial infection or relapsing/remitting since initial infection.
PCCs were further subcategorized by number of symptoms (=1 or =2) and by symptom
category: cardiovascular/respiratory (shortness of breath, palpitations, chest pain/tightness,
and runny nose/congestion), gastrointestinal (loss of appetite, nausea, vomiting, abdominal/
stomach pain, constipation, and diarrhea), general (worsening of symptoms following
minor mental or physical activity, fatigue, joint pain, joint swelling, and muscle pain),
neurological (dizziness/lightheadedness/fainting, numbness/tingling, fogginess in thinking,
change in sleeping, headache, difficulty speaking/communicating, difficulty swallowing/
chewing, problems with balance/movement), and other (weight loss, hair loss, change in
color of toes/fingers, rash, bruising/bleeding easily, change in menstrual cycle, change in
sexual drive, and erectile dysfunction).

Statistical Analysis

Pearson XZ tests were used to examine differences in sociodemographic characteristics and
previous/current health conditions by report of PCCs and vaccination status; Fisher’s exact
test was used to assess differences when frequencies were <5. Normality was assessed and ¢
test was used to assess difference in means. The association of vaccination with PCCs was
estimated using logistic regression comparing the odds of vaccination among persons with
and without PCCs. Separate multivariable logistic models were conducted for PCCs with =1
symptom, =2 symptoms, and each PCC symptom category. All models were adjusted for
gender, presence of chronic conditions (categorized by none or =1 chronic condition), age
(<40 years or 240 years), number of symptoms experienced during acute infection (<3 or
>3), interval between initial infection and survey completion (60-119 days, 120-179 days,
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or =180 days), and the variant of infection (Delta or Omicron). Covariates of interest were
selected a priori for inclusion based on literature review. Standardized mean differences
were calculated to evaluate those who completed and did not complete or did not respond to
the PCC survey. Analyses were conducted using SAS software (version 9.4, SAS Institute,
Cary, North Carolina) and R software (version 4.3, R Foundation for Statistical Computing).
The 5% level of significance was used in all statistical tests and confidence intervals (CIs).

RESULTS

A total of 2584 HEROES-RECOVER participants had a documented SARS-CoV-2 infection
during the study period and were initially eligible for study inclusion and received the

PCC survey. Among those who received the survey, 733 (28.4%) were excluded due to
infection with a non-Delta or non-Omicron variant, 275 (10.6%) for infection prior to

study enrollment, 305 (11.8%) for early survey response (defined as survey received <60
days from date of acute infection), incomplete survey response, or survey nonresponse, and
110 (4.3%) for receipt of a vaccine dose after acute infection but before the survey was
received (Figure 1). The remaining 936 (36.2%) participants comprised the final analytic
sample. Mean age of included participants was 44.2 years (standard deviation, 10.5 years);
571 (61.0%) were female, 826 (88.2%) were White, and 742 (79.3%) were non-Hispanic;
406 (43.4%) were healthcare personnel, 224 (23.9%) essential frontline workers, and 306
(32.7%) other frontline workers. Most participants did not report comorbidities (73.6%),
were nonsmokers (76.9%), and self-reported their health as “very good” or “excellent”
(70.0%) upon enrollment; 102 (10.9%) were infected during Delta variant predominance and
834 (89.1%) during Omicron predominance (Table 1). Comparing those who did and did not
respond to the survey/incompletely responded to the survey, responders were more likely to
be frontline workers compared to other occupations and symptomatic versus asymptomatic
during acute infection (Supplementary Table 2).

In total, 779 (83.2%) participants received at least 2 doses of the mRNA COVID-19 vaccine
=14 days prior to infection, including 478 (51.1%) who also received a third monovalent
mMRNA vaccine dose =7 days prior to their infection (Table 2). Among all vaccinated
persons, 460 (59.1%) received the Pfizer-BioNTech (BNT162b2) vaccine for all doses

and 285 (36.6%) received the Moderna (MRNA-1273) vaccine for all doses; 34 (4.4%)
participants received a combination of these 2 products. The median time since most recent
dose to infection among those who received 2 monovalent dose was 324 days (interquartile
range [IQR], 249.0-419.0 days); among those who received 3 monovalent doses, the median
time between the most recent dose and infection was 112 days (IQR, 76.0-214.0 days)
(Table 2).

Overall, 221 (23.6%) participants reported experiencing =1 PCC symptom, with 158
(16.5%) reporting =2 symptoms. Of these, 158 (71.5%) were female, 139 (62.9%) self-
rated their enrollment health as “excellent” or “very good,” and 126 (57.0%) self-reported
using 1 or more physician-prescribed daily medications at enrollment (Table 1). The most
reported category of symptoms was general symptoms including pain/fatigue (16.2%),
followed by neurological (13.7%), cardiovascular/respiratory (11.4%), and other (8.5%);
gastrointestinal symptoms were least common (4.9%) (Table 3). Persons reporting PCC
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symptoms compared with those who did not report PCCs were more frequently symptomatic
during acute infection (97.7% vs 89.4%, £< 0.0001). Those who reported PCC symptoms
also more frequently reported >3 symptoms during acute infection compared to individuals
who did not report PCC symptoms (82.8% vs 69.4%, £ < 0.0001, respectively) (Table 1).

After adjustment for gender, age, presence of chronic conditions, number of symptoms
during acute infection, interval between infection and survey completion, and variant

type, and stratified by symptom category, receipt of 3 vaccine doses =14 days prior to

acute infection compared to being unvaccinated was associated with lower odds of PCC
gastrointestinal symptoms (adjusted odds ratio [aOR], 0.37 [95% CI, .16-.85]), neurological
symptoms (aOR, 0.56 [95% ClI, .32-.97]), and other symptoms (aOR, 0.48 [95% ClI,
.25-.91]) compared to being unvaccinated (Table 3). No significant associations were found
between 3 doses of vaccine and the odds of number of symptoms, cardiovascular/respiratory
symptoms, and general symptoms (Table 3). Comparing receipt of 2 doses =14 days prior

to acute infection to unvaccinated, the odds of PCCs with at least 1 symptom was 0.84

(95% Cl, .53-1.32). The odds were lower compared to unvaccinated but not statistically
significant. Assessing specific PCC symptom categories among those receiving 2 doses
compared to unvaccinated, odds ratios were as follows: cardiovascular/respiratory symptoms
(aOR, 1.12 [95% CI, .62-2.05]), gastrointestinal symptoms (aOR, 0.69 [95% CI, .31-1.53]),
general symptoms (aOR, 1.08 [95% Cl, .64-1.84]), neurological symptoms (aOR, 0.80
[95% CI, .46-1.40]), and other symptoms (aOR, 0.77 [95% Cl, .41-1.46]) (Table 3).

DISCUSSION

In this analysis of the HEROES-RECOVER cohort of US frontline and essential workers,
the odds of developing PCC-specific symptom categories (gastrointestinal, neurological,
and other symptoms) after acute SARS-CoV-2 infection during circulation of both SARS-
CoV-2 Omicron and Delta variants were lower among persons who received 3 doses of
monovalent mMRNA COVID-19 vaccine prior to acute infection compared to those who
were unvaccinated at the time of acute infection. This report demonstrates the effect of
COVID-19 vaccination in reducing progression to PCCs during circulation of the SARS-
CoV-2 Omicron variant in the US and highlights that COVID-19 vaccination can serve

as an important additional tool to prevent PCCs. Furthermore, the HEROES-RECOVER
cohort is unique in that it consists of predominantly younger, healthy adult participants and
almost all infections captured represented nonsevere disease. In total, approximately 28% of
participants included in the analysis had 3 or fewer symptoms during their initial infection,
8.7% were asymptomatic, and only 6 of 936 (0.6%) had a hospitalization related to their
infection. The findings of this report demonstrate that even among young healthy adults in
whom the vaccine may not prevent infection, there is still a protective benefit offered by
vaccines, which is an important potential consideration for ongoing vaccine policy.

This analysis found that receipt of 3 doses of an mMRNA COVID-19 vaccine was associated
with lower odds of experiencing specific categories of PCC symptoms following infection,
including reducing the odds of other symptoms (weight loss, hair loss, and skin, menstrual,
and sexual symptoms) by 52%, gastrointestinal symptoms by 63%, and neurological

symptoms by 44%. The differential effect on the development of PCC symptoms has been
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identified elsewhere in the literature. For example, in a recent meta-analysis, Gao et al.
identified vaccination to only be protective against some, but not all, PCC symptoms [14].

There was no association observed between development of PCCs and receipt of 2 doses

of mMRNA COVID-19 vaccine. This is in contrast to other studies that have demonstrated

a protective effect from 2 doses, including in similar cohorts of nonsevere COVID-19
infections in the United Kingdom and in Italy [21, 22]. However, the median time

between receipt of a second vaccine dose and acute infection was 324 days in the HEROES-
RECOVER cohort. It is therefore possible that the lack of an association observed here is
the result of waning vaccine protection against development of PCCs after infection, similar
to what is observed against infection itself; smaller sample size in the 2-dose group may
also have played a role, limiting power to detect an association. Although further research

is needed, the potential that protection against development of PCCs after infection may
wane, just as it does for other outcomes, highlights the importance of staying up to date with
COVID-19 vaccination recommendations, including updated doses.

Lastly, this analysis focused on the reduction in odds of developing PCCs only among
persons who had SARS-CoV-2 infection. Because these estimates do not account for PCCs
averted by protection against infection, the findings here likely underestimate the overall
reduction in PCCs that vaccinated persons experience compared to unvaccinated persons.

This analysis is subject to at least 6 limitations. First, only participants with a documented
SARS-CoV-2 infection received the PCC survey and baseline rates of PCC-like symptoms
among persons without SARS-CoV-2 infection were unknown, which meant that incidence
of PCCs could not be calculated in this cohort. Second, participants were asked to report
symptoms occurring after an illness that may have happened up to 2 years prior, leading

to potential recall bias and under- or overreporting of PCC symptoms. To try to ensure

that reported PCC symptoms were associated with the first in-study infection, individuals
with any subsequent SARS-CoV-2 infections after the first in-study infection were excluded.
Third, analyses rely solely on multiple regression to account for any confounding, and
unmeasured confounding may have remained. Fourth, those who experienced asymptomatic
acute infections were less likely to complete the survey; if acute infection symptom

severity is related to likelihood of developing PCCs, excluded individuals may have had

a lower likelihood of PCCs regardless of vaccination status. Fifth, this survey was voluntary
and while survey nonrespondents were generally similar to respondents in observable
characteristics, if nonresponse was associated both with likelihood of developing PCCs and
likelihood of vaccination, estimates could be biased. Sixth, this cohort had high vaccine
uptake and consisted predominantly of younger, healthier adults and frontline healthcare
and essential workers. This group has a higher level of exposure to SARS-CoV-2 infection,
which may limit generalizability of these results.

CONCLUSIONS

In this analysis of the HEROES-RECOVER frontline worker cohort, individuals who
received 3 doses of monovalent mMRNA COVID-19 vaccine prior to SARS-CoV-2 infection
had a reduction in the odds of developing PCCs, specifically neurological, gastrointestinal,
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and general symptoms (including weight loss, hair/skin issues, and menstrual/sexual
symptoms). These results confirm that COVID-19 vaccination can play an important role
in protecting individuals against PCCs, including among patients who have mild initial
infection during Delta and Omicron variant predominance. Further research is needed to
evaluate whether this effect is even greater with additional vaccine doses and the improved
variant-vaccine match of updated COVID-19 vaccines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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7414 Enrolled
‘ 3691 Excluded
> - 3148 withdrawn
l - 543 completed study

3723 active surveillance after July 2022

1139 Excluded
- 1139 No observed
SARS-CoV-2 infection during
analytic period
v P
2584 observed SARS-CoV-2 infection
during analytic period
1648 Excluded

- 733 infections with non-Delta
or non-Omicron variant

- 275 self-report of
SARS-CoV-2 infection or
serologic positive prior to
enrollment

- 305 did not respond to survey,
incomplete survey response, or
survey completed too early

- 110 completed survey after
non-first in-study infection

- 28 received non-mRNA
vaccination

- 22 indeterminate/partial
vaccination status

- 60 SARS-CoV-2 infection
occurred after 4th mRNA dose

- 115 received an additional dose
after infection before survey
completion

\

v

936 Analytic sample

Figure 1.
Consolidated Standards of Reporting Trials (CONSORT) diagram of HEROES-RECOVER

cohort participants included in an analysis of association of messenger RNA (MRNA)
coronavirus disease 2019 vaccination and occurrence of post-COVID conditions after severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.
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