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Abstract: Early studies have found that the initial COVID-19 vaccination series was protective against
severe symptoms and long COVID. However, few studies have explored the association of booster
doses on severe disease outcomes and long COVID. This cross-sectional analysis used data from the
2022 US National Health Interview Survey data to investigate how vaccination status correlates with
COVID-19 infection severity and long COVID among previously infected individuals. Participants
were categorized into three groups: those who had received at least one booster, those with only the
initial complete vaccination series, and those with either an incomplete series or no vaccinations.
Out of 9521 survey respondents who reported a past positive COVID-19 test, 51.2% experienced
moderate/severe infections, and 17.6% experienced long COVID. Multivariable regression models
revealed that receiving at least one booster shot was associated with lower odds of experiencing
moderate/severe symptoms (aOR = 0.78, p < 0.001) compared to those unvaccinated or with an
incomplete series. Additionally, having at least one booster reduced long COVID odds by 24%
(@aOR =0.76, p = 0.003). Completing only the primary vaccine series did not significantly decrease
the likelihood of severe illness or long COVID. These findings support the continued promotion of
booster vaccinations to mitigate long COVID risks in vulnerable populations.
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1. Introduction

The coronavirus disease (COVID-19) is caused by severe acute respiratory syndrome
coronavirus 2 (SARS- CoV-2) [1] and has an estimated mortality rate of 2-6.6% [2,3] depend-
ing on global location and variant [3,4]. As of December 31, 2023, the number of confirmed
COVID-19 cases has surpassed 770 million, with nearly 7 million confirmed deaths con-
firmed globally [5]. To date, approximately 13.4% of all cases (exceeding 103 million) and
16.4% of fatalities (surpassing 1.1 million) occurred in the United States alone [6]. In 2021,
the United Health Foundation’s Health Rankings Annual Report found that COVID-19
was the third-leading cause of death in the U.S. [7]. While the age-adjusted COVID-19
mortality rates in the U.S. have declined by almost half in 2022 compared to 2021 [8], the
virus remains a significant and persistent public health concern.

Part of the enduring public health challenge is understanding who may be at greater
risk for developing both severe initial symptoms and a prolonged duration of symptoms
associated with a COVID infection. A more severe initial infection is thought to lead to a
higher likelihood of developing a post-COVID-19 condition (PCC), or long COVID [9,10].
The World Health Organization (WHO) defines a PCC as the occurrence of symptoms three
months after the onset of the COVID-19 infection, persisting for a minimum of two months,
and it cannot be explained by an alternative diagnosis [9,10]. Long COVID manifests
in multiple organs with diverse symptoms, and many aspects of this condition remain
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poorly understood [11]. Common clinical symptoms include dyspnea, pain, fatigue, auto-
nomic dysfunction, cognitive impairment, headache, deep vein thrombosis, gastrointestinal
dysfunction, and persistent loss of smell or taste [9,12].

Prevalence estimates of long COVID tend to vary depending on both the definition
and timing of the sampling frame. Recent estimates from the 2023 U.S. Census Bureau'’s
Household Pulse Surveys found that the trends are stabilizing to around 1 in 10 adults
who have previously tested positive for COVID-19 [13]. Several studies have found that
prevalence was lower during periods dominated by the Epsilon or Omicron variants and is
highest amongst females and in those above 40 [11,13]. A recent meta-analysis identified
other risk factors for post-COVID conditions including female sex, older age, obesity, smok-
ing, various comorbidities such as anxiety, asthma, COPD, diabetes, immunosuppression,
ischemic heart disease, and severity of initial symptoms [9].

Vaccinations have been shown to be protective against severe symptoms [2] and long
COVID [9,12,14], but the impact may depend on timing [15] and the number of vaccinations.
Three meta-analyses that used data from studies conducted throughout 2022 found that
completion of an initial vaccination series (two doses) significantly reduced the risk of
PCC by 29% [10], 36% [14], and 43% [9] compared to non-vaccinated individuals. A large
U.S. national cohort study that monitored participants through mid-2022 [12], and a large
cross-sectional study both found that a complete initial vaccination series prior to infection
reduced the odds of long COVID by about 30% [11,12]. Nearly all of these studies found
that a single vaccination dose offered less or no protection against long COVID.

Notwithstanding, vaccine effectiveness can wane over time even with a complete
initial dose [1,10]. With the constant evolution of the coronavirus, booster doses have
demonstrated the ability to restore protection against infection [16,17]. However, to date,
there are few population-level studies that have specifically examined the associations
between booster doses, severe disease sequelae, and long COVID. To address this question,
we used data from the 2022 National Health Interview Study (NHIS) to investigate indi-
viduals who had received booster vaccinations, an initial complete vaccination series only,
an incomplete initial vaccination, or were unvaccinated. Specifically, amongst individuals
who have had a previous COVID-19 infection, we examined the associations between
vaccination status and a severe COVID-19 infection, and vaccination status and occurrence
of long COVID.

2. Materials and Methods

Data Source: In this cross-sectional study, we used data from the 2022 National Health
Interview Survey (NHIS) [18]. The NHIS was initiated in 1957 and has been conducted by
the National Center for Health Statistics (NCHS) since 1960 [19]. The primary goal of the
NHIS is to monitor the health of the population through data collection and analysis of
health-related topics by interviewing a nationally representative sample of U.S. households.
NHIS includes annual content that appears on the survey every year as well as rotating
core content, sponsored content, and emerging content that are included periodically [19].
Interviews are usually conducted in person, but follow-ups to complete interviews by
telephone are common, with 55.7% of sample adult interviews in 2022 being at least partially
conducted over the phone [19]. Similar to other nationally representative databases, NHIS
oversamples certain subpopulations to increase the reliability and precision of health
indicator estimates for these particular groups. Sample weights are then applied to the data
to reflect the true U.S. population. More information about the NHIS sampling techniques
and data collection can be found on the CDC website, https://www.cdc.gov/nchs/nhis /20
22nhis.htm (accessed on 15 August 2023). All data are publicly available and de-identified
and, therefore, did not require IRB review under the federal regulations for human subjects.

Study Population: The inclusion criteria for this study were defined as adult respon-
dents who reported testing positive for COVID-19 (responded yes to the question, “Did
you ever take a test that showed you had coronavirus or COVID-19?") and provided re-
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sponses for the vaccination and symptom questions used to define the primary outcomes
and predictors.

Primary Outcomes: Two primary outcomes were examined. First, symptom severity
was assessed using the following question: “How would you describe your coronavirus
symptoms when they were at their worst? Would you say no symptoms, mild symptoms,
moderate symptoms, or severe symptoms?” Symptoms were dichotomized into asymp-
tomatic/mild and moderate/severe [20]. The second outcome examined the occurrence of
long COVID, assessed by the following question: “Did you have any symptoms lasting
3 months or longer that you did not have prior to having coronavirus or COVID-19?".

Primary Predictor: The primary predictor variable was vaccination status, which
was defined as those who reported no/incomplete initial dosing, those with a complete
initial dose/series only, and those who received both the complete initial series as well
as at least 1 booster. Three questions were used to operationalize this primary predictor
variable: “Have you had at least one dose of a COVID-19 vaccination?” and “How many
COVID-19 vaccinations have you received?” were combined to develop a count of COVID-
19 vaccinations from 0 to 4 or more. The question “For your first shot, which brand of
COVID-19 vaccine did you receive?” was also used. Those who reported 0 vaccines or only
1 vaccine from a two-dose vaccination brand (“Pfizer”, “Moderna”, “Novavax”, or “One
brand that required 2 doses”) were classified as having no/incomplete dosing. We chose to
combine no/incomplete dosing groups into our reference category for two reasons. First,
evidence from a systematic review suggests there may be limited protection offered against
long COVID from just 1 vaccine dose [21]. Second, the number of individuals who reported
only 1 dose from a 2-dose brand was very small and did not differ in outcomes from those
with 0 doses. Those who received 2 doses from a 2-dose brand, or those reporting only
1 dose from a 1-dose brand (Janssen) were classified as having complete initial dosing.
All individuals who reported a total number of vaccinations of 3 or more were classified
as having at least 1 booster. Finally, those who received Janssen as an initial brand, but
reported at least 2 vaccinations were classified as having at least 1 booter.

Covariates: Risk factors associated with developing severe symptoms or a long COVID
were identified [9]. Covariates considered for analysis included respondents’ age (cate-
gorized into decades), sex (male, female), race (White, Black/African American, Asian,
Hispanic, Other/Multiple), family income as a percentage of the federal poverty level
(PIR, <1.25, 1.25 < 3.0, >3.0), education level (high school degree or less, some college,
associate’s degree, bachelor’s degree, graduate degree), body mass index (BMI categorized
as underweight, healthy weight, overweight, and obese), smoking history (ever smoked or
not) and prior medical conditions including anxiety, depression, COPD, current asthma,
diabetes, and immunocompromised status.

Analysis: All variables were described as frequencies and percentages. To account
for the multi-stage sampling technique used by NHIS, survey weights were applied to
all data analyses to obtain national estimates for the overall U.S. population. Weighted
proportions are described throughout the narrative, but both weighted and unweighted
proportions are reported. Differences in the distribution of demographic and comorbid
conditions by vaccination status were assessed using chi-square tests. Weighted bivariate
logistic regressions were performed to assess unadjusted associations between vaccine
status, covariates, and both outcomes. Two weighted multivariable logistic regression
models examined the adjusted association of vaccination status and symptom severity
and long COVID. Multicollinearity among predictor variables was not detected, as all
variance inflation factor (VIF) values were less than two. Because COVID-19 symptoms
were included as a covariate for predicting long COVID, we also examined the potential
overlapping distribution of long COVID amongst the symptom groups to ensure adequate
separation between these two variables. We also examined the potential of effect mod-
ification between vaccination status and COVID symptom severity on the likelihood of
developing long COVID, but no significant interaction was found.
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Sensitivity analyses were performed by considering the number of COVID vaccination
shots participants received as a continuous variable, and as a categorical variable without
considering the brand of vaccination (0 shots, 1-2 shots, 3 or more shots). The results of
these analyses were similar to the primary findings. An additional sensitivity analysis was
performed that excluded asymptomatic individuals from the long-COVID analysis, and
there were no discernable differences in the effects of the primary vaccine status variable.
Additional sensitivity analyses are detailed in the discussion section. Missing data was less
than 5% total and, therefore, no values were imputed. All analyses were performed using
SAS 9.4 Software (Cary, NC) at the p = 0.05 level.

3. Results

A total of 27,651 NHI surveys were collected in 2022. Participants were excluded from
our analysis if they never tested positive for COVID-19 (n = 17,875 [64.6%]) or did not have
data for initial infection severity of symptoms (n = 8 [<0.01%]), long COVID (n = 73 [0.3%]),
or vaccination data (n = 174 [0.6%]). A total of 9521 (34.4%) met the inclusion criteria, which
equated to a weighted frequency representing 95.2 million U.S. citizens. Around 73% were
white, 52.5% were female, and around 44.6% were under the age of 39 (Table 1).

The data showed that 23.9% of participants received either no COVID-19 vaccination
or an incomplete initial dosing, 33.6% received complete initial dosing only, and 42.5%
received at least one additional booster. A higher number of doses was associated with
increasing age, PIR, and education (all p < 0.001). Within the boosted group, there were
higher proportions of females and those with a diagnosis of diabetes or who were im-
munocompromised. There were higher proportions of smokers and obesity within the
incomplete or no vaccine group (Table 1).

Symptom severity was also associated with vaccination status, with a higher propor-
tion of the boosted group reporting asymptomatic or mild symptoms from their COVID-19
infection (p < 0.001). Further, the prevalence of long COVID was 17.6%, and significantly
associated with booster status. Amongst the boosted group, 15.5% reported experiencing
long COVID, whereas 20.1% of the no/incomplete vaccine group reported experiencing
long COVID (p < 0.001).

Unadjusted and adjusted analyses predicting symptom severity are presented in
Table 2 and in Table 3 for long COVID. Most effects were similar in the unadjusted and
adjusted model results for symptom severity. After adjustment for age, sex, race, PIR,
education level, smoking history, BMI, and prior medical conditions, those who received at
least one booster vaccination were less likely to report moderate/severe symptoms from
an initial COVID-19 infection compared to the no/incomplete vaccination group (adjusted
OR = 0.78, p < 0.001). Those who received just the complete initial dose demonstrated a
slightly protective yet insignificant effect (aOR = 0.95, p = 0.46). Similar results were seen
when examining the outcome of long COVID. In the adjusted model, those who received at
least one booster vaccination were less likely to report experiencing long COVID compared
to those who were in the no/incomplete vaccination group (aOR = 0.76, p = 0.003). Of note,
symptom severity was also highly associated with long COVID. Approximately 29% of
those who experienced moderate/severe symptoms experienced long COVID, compared
to 7% of those who were asymptomatic or had mild symptoms (aOR = 3.88, p < 0.001).
An interaction term was examined for symptom severity and vaccination status but was
not significant.

A sensitivity analysis demonstrated consistency when considering the number of
COVID shots received as a continuous variable (0—4). After adjustment for all covariates,
for every additional shot received, the odds of experiencing moderate/severe symptoms
significantly decreased by about 7% (aOR = 0.93, 95% CI 0.89-0.97, p = 0.001), and the
odds of long COVID significantly decreased by about 8% (aOR = 0.92, 95% CI 0.86-0.97,
p =0.003). A final sensitivity analysis examined the number of shots recategorized as no
shots, 1-2 shots, and 3—4 shots and revealed similar findings to the initial analysis.
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Table 1. Descriptive Statistics of Population that tested Positive for COVID-19.
Total None/Incomplete Dose Complete Initial Series >1 Booster Dose ,l? h:-S({;.ullre
Characteristics estp-value
Unweighted n (%) Weighted n (%) Unweighted n (%) Weighted n (%) Unweighted n (%) Weighted n (%) Unweighted n (%) Weighted n (%)
Total 9521 95,236,019 (100%) 2092 (22.0%) 22,644,032 (23.9%) 2981 (31.3%) 3,174,379 (33.6%) 4448 (46.7%) 40,202,008 (42.5%)
Age
18-29 years old 1588 (16.7%) 22,624,581 (24.0%) 498 (23.8%) 7,256,483 (32.1%) 563 (18.9%) 8,350,606 (26.4%) 527 (11.9%) 7,017,492 (17.5%)
30-39 years old 1945 (20.5%) 19,478,712 (20.6%) 502 (24.0%) 5,441,657 (24.0%) 733 (24.7%) 7,405,471 (23.4%) 710 (16.0%) 6,631,584 (16.5%)
40-49 years old 1623 (17.1%) 16,677,646 (17.7%) 351 (16.8%) 3,799,570 (16.8%) 571 (19.2%) 6,061,386 (19.2%) 701 (15.8%) 6,816,690 (17.0%)
50-59 years old 1496 (15.7%) 15,013,554 (15.9%) 308 (14.7%) 3,029,090 (13.4%) 473 (15.9%) 5,061,604 (16.0%) 715 (16.1%) 6,922,859 (17.3%) p <0.001
60-69 years old 1531 (16.1%) 12,068,566 (12.8%) 256 (12.2%) 2,002,165 (8.8%) 370 (12.4%) 2,997,236 (9.50%) 905 (20.4%) 7,069,165 (17.6%)
70-79 years old 937 (9.9%) 6,235,587 (6.6%) 118 (5.6%) 737,051 (3.3%) 196 (6.6%) 1,359,402 (4.3%) 623 (14.0%) 4,139,134 (10.3%)
80-85 years old 386 (4.1%) 2,349,503 (2.5%) 58 (2.8%) 375,889 (1.7%) 68 (2.3%) 437,318 (1.4%) 260 (5.9%) 1,536,296 (3.8%)
Sex
Male 4217 (44.3%) 44,943,940 (47.5%) 987 (47.2%) 11,538,925 (51.0%) 1349 (45.3%) 1,5385,050 (48.5%) 1881 (42.3%) 18,019,965 (44.9%) <0.001
Female 5302 (55.7%) 49,618,876 (52.5%) 1105 (52.8%) 11,105,106 (49.0%) 1632 (54.8%) 16,357,329 (51.5%) 2565 (57.7%) 22,156,440 (55.1%) p=®
Race and Ethnicity
Non-Hispanic White 7107 (74.7%) 69,185,195 (73.1%) 1626 (77.7%) 17,361,436 (76.7%) 2117 (71.0%) 22,270,505 (70.2%) 3364 (75.6%) 29,553,254 (73.5%)
Non-Hispanic Black 1004 (10.6%) 10,257,068 (10.8%) 244 (11.7%) 2,696,609 (11.9%) 377 (12.7%) 4,006,676 (12.6%) 383 (8.6%) 3,553,783 (8.80%)
Non-Hispanic Asian 514 (5.4%) 4,994,154 (5.3%) 23 (1.1%) 250,890 (1.1%) 145 (4.9%) 1,570,215 (4.9%) 346 (7.8%) 3,173,049 (7.9%) p <0.001
Hispanic 571 (6.0% 6,694,542 (7.1%) 112 (5.4%) 1,406,430 (6.2%) 231 (7.8%) 2,639,292 (8.3%) 228 (5.1%) 2,648,821 (6.6%)
Other or multiple 325 (3.4%) 3,457,460 (3.7%) 87 (4.2%) 928,668 (4.1%) 111 (3.7%) 1,255,691 (4.0% 127 (2.9%) 1,273,101 (3.5%)
PIR
<125 1193 (12.5%) 11,313,800 (12.0%) 408 (19.5%) 4,032,941 (17.8%) 385 (12.9%) 3,690,288 (11.6%) 400 (9.0%) 3,590,570 (8.90%)
1.25<3.0 2618 (27.5%) 27,023,572 (28.6%) 785 (37.5%) 8,751,032 (38.6%) 872 (29.3%) 9,491,440 (29.9%) 961 (21.6%) 8,781,100 (21.8%) p <0.001
>3.0 5710 (60.0%) 56,251,047 (59.5%) 899 (43.0%) 9,860,059 (43.5%) 1724 (57.8%) 18,560,651 (58.5%) 3087 (69.4%) 27,830,338 (69.2%)
Education Level
HS Degree or less 2887 (30.4%) 32,266,305 (34.3%) 943 (45.3%) 11,068,397 (49.2%) 958 (32.3%) 11,210,762 (35.5%) 986 (22.%) 9,987,145 (25.0%)
Some college 1456 (15.4%) 15,998,989 (17.0%) 367 (17.6%) 4,114,654 (18.3%) 519 (17.5%) 5,924,244 (18.8%) 570 (12.9%) 5,960,091 (14.9%)
Associate’s degree 1309 (13.8%) 13,073,488 (13.9%) 334 (16.1%) 3,573,865 (15.9%) 412 (13.9%) 4,444,417 (14.1%) 563 (12.7%) 5,055,206 (12.6%) p <0.001
Bachelor’s degree 2391 (25.2%) 20,798,706 (22.1%) 325 (15.6%) 2,853,734 (12.7%) 756 (25.5%) 7,069,216 (22.4%) 1310 (29.5%) 10,875,757 (27.2%)
Graduate degree 1441 (15.2%) 11,949,916 (12.7%) 111 (5.3%) 885,796 (3.9%) 325 (10.9%) 2,921,607 (9.3%) 1005 (22.7%) 8,142,513 (20.3%)
Smoking History 3177 (33.8%) 29,282,076 (31.3%) 812 (39.1%) 8,137,128 (36.2%) 932 (31.7%) 9,166,416 (29.3%) 1433 (32.6%) 11,978,532 (30.2%) p <0.001
BMI Category
Underweight 116 (1.2%) 1,259,139 (1.4%) 36 (1.8%) 473,446 (2.1%) 31 (1.1%) 363,881 (1.2%) 49 (1.1%) 421,812 (1.1%)
Healthy weight 2772 (29.7%) 27,811,823 (29.9%) 537 (26.1%) 5,889,124 (26.5%) 832 (28.4%) 9,201,797 (29.4%) 1403 (32.2%) 12,720,902 (32.2%) <0.001
Overweight 3174 (34.0%) 30,854,701 (33.2%) 684 (33.3%) 7,373,511 (33.1%) 1004 (34.2%) 10,334,828 (33.1%) 1486 (34.1%) 13,146,362 (33.3%) p<b
Obese 3288 (35.2%) 33,068,665 (35.6%) 797 (38.8%) 8,516,967 (38.3%) 1067 (36.4%) 11,356,079 (36.3%) 1424 (32.7%) 13,195,619 (33.4%)
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Table 1. Cont.

Total None/Incomplete Dose Complete Initial Series >1 Booster Dose "l(": hl-Sc%;ulxre
Characteristics est p-Value
Unweighted n (%) Weighted n (%) Unweighted n (%) Weighted n (%) Unweighted n (%) Weighted n (%) Unweighted n (%) Weighted n (%)

Prior Medical Conditions:

Anxiety 2897 (30.6%) 30,023,346 (31.9%) 627 (30.1%) 7,037,013 (31.1%) 905 (30.5%) 9,944,503 (31.4%) 1365 (30.9%) 13,041,830 (32.6%) p=0.510

Depression 1022 (10.8%) 10,291,087 (11.0%) 251 (12.1%) 2,709,017 (12.0%) 336 (11.3%) 3,449,985 (10.9%) 435 (9.9%) 4,132,085 (10.4%) p=0.216

COPD 434 (5.6%) 3,593,163 (3.8%) 103 (4.9%) 895,666 (4.0%) 118 (4.0%) 1,073,333 (3.4%) 213 (4.8%) 1,624,164 (4.0%) p=0376

Asthma 922 (9.7%) 9,231,866 (9.8%) 215 (10.3%) 2,415,276 (10.7%) 273 (31.3%) 2,933,804 (9.3%) 434 (9.8%) 3,882,786 (9.7%) p=0362

Diabetes 887 (9.3%) 8,102,918 (8.6%) 176 (8.4%) 1,679,913 (7.4%) 218 (7.3%) 2,067,628 (6.5%) 493 (11.1%) 4,355,378 (10.8%) p <0.001

Immunocompromised 510 (5.4%) 4,642,583 (4.9%) 114 (5.5%) 1,012,099 (4.5%) 126 (4.2%) 1,211,847 (3.8%) 270 (6.1%) 2,418,638 (6.0%) p <0.001
Symptom Severity

Asymptomatic or Mild 4714 (49.5%) 46,185,210 (48.8%) 954 (45.6%) 10,400,234 (45.9%) 1406 (47.2%) 14,992,772 (47.2%) 2354 (52.9%) 20,792,203 (51.7%) <0.001

Moderate or Severe 4807 (50.5%) 48,403,210 (51.2%) 1138 (54.4%) 12,243,798 (54.1%) 1575 (52.8%) 16,749,607 (52.8%) 2094 (47.1%) 19,409,805 (48.3%) p<b
Long COVID 1672 (17.6%) 16,474,510 (17.4%) 448 (21.4%) 4,550,677 (20.1%) 539 (18.1%) 5,677,468 (17.9%) 685 (15.4%) 6,246,365 (15.5%) p <0.001
Brand of 1st vaccination

Pfizer 4060 (53.9%) 39,950,068 (54.6%) 94 (58.0%) 1,098,834 (59.6%) 1609 (54.2%) 17,585,696 (55.4%) 2357 (53.6%) 21,265,538 (52.9%)

Moderna 2861 (38.0%) 26,937,385 (36.5%) 68 (42.0%) 716,735 (38.9%) 1056 (35.6%) 10,885,777 (34.3%) 1737 (39.5%) 15,334,874 (38.1%)

Unsure, but 2 doses required 23 (0.3%) 249,800 (0.3%) 3(0.0%) 26,770 (1.5%) 11 (0.2%) 139,787 (0.4%) 9 (0.1%) 83,243 (0.2%)

Johnson 608 (8.1%) 6,237,348 (8.5%) — — 305 (10.3%) 3,131,119 (9.8%) 303 (6.9%) 3,106,229 (7.7%)

Novavax 2 (0.0%) 13,325 (0.0%) — — — — 2 (0.0%) 13,325 (0.0%)

Other Brand /Don’t Know 40 (0.5%) 398,800 (0.5%) — — — — 40 (0.9%) 398,800 (1.0%)
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Table 2. Weighted Logistic Regression Examining Associations with Moderate/Severe Symptom
Severity of Initial Infection.

Unadjusted Adjusted
OR (95% CI) p Value aOR (95% CI) p Value

Predictors

COVID-19 vaccination status
Received no or incomplete dosage of vaccine Ref Ref

Received initial dose of vaccine 0.95 (0.83-1.09) 0.46 0.95 (0.82-1.10) 0.46

Received 1 or more booster shots 0.79 (0.70-0.90) <0.001 0.78 (0.68-0.90) <0.001
Age

18-29 years old Ref Ref

30-39 years old 1.02 (0.87-1.20) 0.79 1.0 (0.85-1.18) 0.99

4049 years old 1.13 (0.96-1.34) 0.16 1.1 (0.92-1.32) 0.28

50-59 years old 1.02 (0.86-1.20) 0.83 1.0 (0.83-1.19) 0.96

60-69 years old 0.89 (0.75-1.05) 0.16 0.89 (0.74-1.06) 0.19

70-79 years old 0.68 (0.56-0.82) <0.001 0.7 (0.56-0.86) 0.001

80-85 years old 0.76 (0.59-0.99) 0.04 0.81 (0.61-1.08) 0.15
Sex

Male Ref Ref

Female 1.33 (1.21-1.46) <0.001 1.27 (1.14-1.40) <0.001
Race and Ethnicity

Non-Hispanic White Ref Ref

Non-Hispanic Black 0.78 (0.66-0.92) 0.003 0.8 (0.67-0.96) 0.01

Non-Hispanic Asian 0.7 (0.57-0.86) 0.001 0.82 (0.66-1.01) 0.06

Hispanic 1.12 (0.92-1.37) 0.26 1.27 (1.02-1.59) 0.03

Other/Multiple 1.1 (0.82-1.50) 0.52 0.98 (0.73-1.33) 0.89
Poverty Income Ratio

<1.25 Ref Ref

1.25<3.0 1.15 (0.97-1.37) 0.11 1.27 (1.05-1.52) 0.01

>3.0 1.08 (0.93-1.26) 0.33 1.29 (1.08-1.53) 0.01
Education Level

HS degree or less Ref Ref

Some college 1.12 (0.97-1.30) 0.13 1.1 (0.95-1.29) 0.21

Associate’s degree 1.23 (1.05-1.44) 0.01 1.22 (1.03-1.44) 0.02

Bachelor’s degree 1.03 (0.90-1.18) 0.64 1.09 (0.94-1.27) 0.26

Graduate degree 1.04 (0.89-1.20) 0.64 1.12 (0.94-1.34) 0.21
Smoking History 1.08 (0.98-1.19) 0.14 1.04 (0.93-1.16) 0.49
BMI Category

Underweight 1.03 (0.66-1.59) 091 0.97 (0.61-1.53) 0.88

Healthy weight Ref Ref

Overweight 0.97 (0.86-1.09) 0.61 1.04 (0.92-1.18) 0.55

Obese 1.25 (1.11-1.41) <0.001 1.2 (1.05-1.36) 0.01
Prior Medical Conditions:

Anxiety 1.55 (1.39-1.73) <0.001 1.32 (1.17-1.50) <0.001

Depression 1.7 (1.43-2.01) <0.001 1.3 (1.07-1.57) 0.01

COPD 1.4 (1.11-1.77) 0.01 1.23 (0.94-1.61) 0.13

Asthma (current) 1.59 (1.35-1.88) <0.001 1.39 (1.17-1.66) <0.001

Diabetes 1.2 (1.02-1.42) 0.03 1.26 (1.05-1.52) 0.01

Immunocompromised 1.65 (1.32-2.06) <0.001 1.35 (1.07-1.71) 0.01
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Table 3. Weighted Logistic Regression Examining Associations with Long COVID.

Unadjusted Adjusted
OR (95% CI) p Value aOR (95% CI) p Value

Predictors

COVID-19 vaccination status
Received no or incomplete dosage of vaccine Ref Ref

Received initial dose of vaccine 0.87 (0.73-1.02) 0.09 0.89 (0.74-1.07) 0.22

Received 1 or more booster shots 0.73 (0.62-0.86) <0.001 0.76 (0.63-0.91) 0.003
Symptom Severity

Mild or no symptoms Ref Ref

Moderate or severe symptoms 4.41 (3.80-5.11) <0.001 3.88 (3.32—4.54) <0.001
Age

18-29 years old Ref Ref

30-39 years old 1.64 (1.34-2.02) <0.001 1.8 (1.44-2.24) <0.001

4049 years old 1.68 (1.36-2.07) <0.001 1.77 (1.40-2.23) <0.001

50-59 years old 1.61 (1.29-1.99) <0.001 1.83 (1.43-2.34) <0.001

60-69 years old 1.67 (1.36-2.05) <0.001 2.06 (1.62-2.61) <0.001

70-79 years old 1.14 (0.88-1.48) 0.309 1.53 (1.11-2.09) 0.009

80-85 years old 1.16 (0.80-1.69) 0.445 1.69 (1.11-2.56) 0.01
Sex

Male Ref Ref

Female 1.68 (1.47-1.91) <0.001 1.44 (1.24-1.66) <0.001
Race and Ethnicity

Non-Hispanic White Ref Ref

Non-Hispanic Black 0.83 (0.68-1.02) 0.08 0.78 (0.63-0.98) 0.03

Non-Hispanic Asian 0.38 (0.27-0.54) <0.001 0.55 (0.38-0.80) 0.002

Hispanic 1.17 (0.90-1.53) 0.25 1.21 (0.89-1.65) 0.23

Other/Multiple 1.38 (1.02-1.87) 0.04 1.28 (0.88-1.84) 0.19
Poverty Income Ratio

<1.25 Ref Ref

1.25< 3.0 1 (0.82-1.23) 0.97 1.08 (0.87-1.34) 0.47

>3.0 0.74 (0.61-0.89) 0.002 0.91 (0.73-1.13) 0.38
Education Level

HS degree or less Ref Ref

Some college 1.11 (0.91-1.36) 0.29 1.08 (0.86-1.34) 0.52

Associate’s degree 1.38 (1.13-1.67) 0.001 1.4 (1.13-1.72) 0.002

Bachelor’s degree 0.88 (0.74-1.05) 0.15 1.06 (0.86-1.30) 0.6

Graduate degree 0.75 (0.61-0.92) 0.006 0.87 (0.68-1.12) 0.27
Smoking History 1.25(1.10-1.42) 0.001 1.03 (0.89-1.18) 0.71
BMI Category

Underweight 0.79 (0.42-1.46) 0.45 0.74 (0.39-1.41) 0.36

Healthy weight Ref Ref

Overweight 1.14 (0.96-1.34) 0.13 1.13 (0.94-1.36) 0.19

Obese 1.88 (1.60-2.20) <0.001 1.49 (1.23-1.78) <0.001
Prior Medical Conditions:

Anxiety 1.87 (1.65-2.11) <0.001 1.49 (1.26-1.77) <0.001

Depression 2.12 (1.76-2.54) <0.001 1.23 (0.97-1.55) 0.09

COPD 2.43 (1.88-3.15) <0.001 1.42 (1.07-1.89) 0.02

Asthma (current) 2.28 (1.88-2.77) <0.001 1.65 (1.33-2.05) <0.001

Diabetes 1.31 (1.05-1.64) 0.02 0.95 (0.73-1.22) 0.68

Immunocompromised 2.3 (1.83-2.90) <0.001 1.43 (1.12-1.82) 0.004

4. Discussion

Among a nationally representative group of U.S. adults who have previously tested
positive for COVID-19, we found that COVID-19 vaccination status, specifically the recep-
tion of at least one booster dose, was associated with a significantly reduced likelihood
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of experiencing both severe initial COVID-19 symptoms and long COVID. Interestingly,
completion of an initial primary COVID-19 vaccination series alone was not associated
with reduced odds of severe disease or long COVID.

These results are in line with earlier studies that have found a protective effect of vaccina-
tions against the risk of developing long COVID [9-11] and experiencing severe illness [1,2,22].
However, we no longer saw a protective association for an initial complete series alone. It is
known that vaccine efficacy can wane over time [1,23]. Failure of partial immunization to
protect individuals from long COVID has also been previously reported [9-11].

Consistent with our findings, other studies have found that booster vaccination doses
increase protection against severe cases of COVID [24]. Severe infections have been linked
to long COVID [9,10,20], which was also consistent with our findings. Having a moderate to
severe infection had the largest effect size in our model for long COVID. Additional boosters
appear to provide additional protection and are likely required in order to maintain a
decreased individual risk for long COVID [25]. Few studies have examined the relationship
between booster vaccinations and long COVID, but one case control study in Brazil found
that individuals with 4 doses prior to any COVID infection were less likely to experience
long COVID [26]. Another cohort study of healthcare workers in Italy found 3 doses to be
protective against long COVID [27].

In this study of individuals with a prior COVID infection, the prevalence of long
COVID was 17%. This is lower than a 2021 national estimate of almost 30% [7], but
similar to the rate of 15% reported by another U.S. national cross-sectional study that was
conducted from February 2021 to July 2022 [11]. Additional data have confirmed a general
decline in the prevalence of post-COVID conditions amongst those with a prior infection
from 19% in June 2022 to 11% in January 2023 [13]. This could be related to an increase
in vaccination rates over time or some level of survivor bias. In general, the probability
of long COVID was found to be less likely during the periods of Epsilon or Omicron
variant predominance compared with the ancestral viral strain [11]. Care must be exercised
when comparing different data that measure long COVID due to potential differences
in definitions [28]. Long COVID as assessed within the NHIS survey likely meets the
definition of long COVID utilized by the US Health and Human Services (signs/symptoms
present for at least 4 weeks after the initial infection), but may not meet the definition used
by the WHO (symptoms 3 months after the onset of COVID-19 infection, persisting for a
minimum of 2 months).

There were additional findings from our models that are worth noting. Most of
the findings in both of the adjusted models were similar. For example, those who were
immunocompromised and those diagnosed with anxiety or asthma had a higher likelihood
of having a more severe infection and experiencing long COVID. Gender disparities exist
for both outcomes, with females having 44% higher odds of long COVID, and 27% higher
odds of experiencing severe illness compared to males. A higher risk of long COVID among
females has been observed in multiple preceding studies [7,9,11,12]. Disparities between
racial and ethnic groups in the sample were also noted for both outcomes. Compared
with non-Hispanic White adults, those with Hispanic ethnicity were more likely to report
moderate/severe COVID-19 symptoms by 27%. An increase in symptom severity and
mortality among Hispanic populations was found in previous research [7,29]. The increase
in the likelihood of long COVID for Hispanic adults in this study was not determined
to be statistically significant; however, a significant increase has been described in prior
studies [7,11]. Non-Hispanic Black and Asian adults in our study had significantly reduced
the odds of developing long COVID. Prior research has reported a similar significant
decrease in long COVID among Asian populations [7,11]. Findings on the threat of long
COVID to Black populations have varied, showing either decreased or similar odds of
long COVID, when compared with White populations [7,11,30]. Obesity increased the
odds of long COVID by 49% and severe illness by 20% compared to individuals with a
healthy body weight. The association of obesity’s impact on increasing the likelihood of
severe illness, hospitalization, and death was reported by Piernas et al. and explored in
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detail [22]. Increasing age was a significant predictor of long COVID, supporting previous
research [7,11,26,27]. Age was not associated with symptom severity, contradicting prior
reports [1,4]. Notably, one study found that age was no longer significantly associated with
symptom severity, after adjusting for the patient’s health insurance status [29]. Conversely
to age, increasing poverty income ratio and diabetes were both associated with symptom
severity, but not with long COVID.

Targeted booster interventions could be helpful for those who are at higher risk for
long COVID, particularly those with clinical conditions such as anxiety, obesity, COPD,
asthma, and who are immunocompromised. However, pandemic fatigue is high, and
booster uptake in the U.S. has stalled. One survey on booster receipt was distributed
from February to March 2023 to an Arizona cohort who had received at least one prior
vaccination in the past. The most common reason cited for not obtaining an updated
booster vaccination was the occurrence of a prior SARS-CoV-2 infection [31]. A national
survey conducted around that same time found that individuals who had a breakthrough
infection were more likely to perceive vaccines as less effective [32].

Natural immunity acquired through a past infection can offer protection against re-
infection as well as hospitalization [33]. As noted in one Swedish retrospective cohort
study, however, hybrid immunity (vaccination after an infection) compared to natural
immunity appears to provide an additional layer of protection against both reinfection and
hospitalization [34]. More longitudinal research is needed to understand how boosters
received after an infection may protect against the development of long COVID from a
future infection. For those already experiencing ongoing long-COVID symptoms, obtain-
ing additional vaccinations may not provide symptom relief [14,35], but not all studies
agree [10,36]. A recent study found that receiving a vaccination while experiencing PCC
decreased the number of symptoms as well as systemic inflammation [36].

Our study has several strengths. We used a large sample size of over 9500 survey
respondents. Further, these data reflect the general U.S. population. We were able to
account for numerous sociodemographic and comorbid risk factors for long COVID and
further illustrate the need for targeted prevention within these subgroups. We were also
able to use the brand of initial vaccination to help differentiate between a complete and
incomplete initial series.

Our study has several limitations. First, this is a cross-sectional study. Our data cannot
establish time-ordered events and, therefore, cannot establish causality. It’s likely that
some participants were vaccinated after a COVID-19 infection. Individuals within this
survey who were vaccinated after experiencing severe symptoms or long COVID would
drive results towards the null. It is difficult to determine what effect the prior severity
of infection has on COVID-vaccine intent, as the previous literature on the subject has
been mixed [37,38]. Further, detailed information on vaccine timing and brand were not
ascertained for every shot, which may lead to some degree of misclassification, particularly
amongst the complete initial series group. A portion of these individuals could have
received one shot of an initial series, failed to complete the series, but then received one
“booster” shot later on. To address this, we conducted a sensitivity analysis by using a
survey question about “the year of the most recent shot received”. We specifically isolated
those who reported two shots, with their most recent shot in 2022, potentially indicating a
booster dose. We reran the analysis including this small group as a separate category, but it
did not affect the results in any meaningful way. Behavioral data suggests that individuals
who are moderate vaccine supporters or opponents were more likely to experience a
decrease in vaccine confidence as the pandemic progressed. COVID-19 vaccination rates
decrease as support for vaccines decreases. This indicates that the number of people who
did not complete their primary vaccine series and then received a booster dose may be
relatively small [39].

Finally, surveys did not include the number of past infections per respondent, informa-
tion on anti-viral medication, or when the worst symptomatic infection occurred in relation
to the most prevalent virus variant. If available, data on participants’ use of antiviral
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treatments (i.e., nirmatrelvir) would likely have a greater impact on our symptom-severity
analysis, as research on the effectiveness of antiviral drugs for preventing long COVID
has been mixed [40-42]. An increase in the number of times a patient has had a COVID
infection is associated with an increase in the likelihood of experiencing long-term symp-
toms, thus participant reinfection statistics are more likely to influence our long-COVID
analysis [43]. A lack of variant information may affect our findings [11]. Finally, our study
relies on self-reported data, which can be subject to recall bias or misclassification bias.

5. Conclusions

These findings suggest that receipt of additional booster doses is associated with a
reduced likelihood of both experiencing a severe COVID-19 infection and with experiencing
long COVID. The continuation of booster vaccination campaigns may be necessary to
prevent long COVID, but additional time-ordered studies should be conducted to further
evaluate the impact of boosters on long COVID.
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