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Abstract 

Background 

Over 10,000 rare diseases (RDs) affect more than 300 million people globally, yet their influence 

on COVID-19 severity, reinfection risk, and long COVID remains poorly understood. This study 

evaluates the impact of RDs on these outcomes and examines the effectiveness of vaccination and 

antiviral treatments among individuals with and without RDs. 

Methods 

We conducted a retrospective cohort study using harmonized electronic health records (EHRs) 

from the National COVID Cohort Collaborative (N3C), encompassing 21,704,702 individuals, 

including 4,825,605 with confirmed SARS-CoV-2 infection between Jan 1, 2020, and Jan 4, 2024. 

RDs were defined using 12,003 conditions curated from GARD and Orphanet, mapped to OMOP 

concepts, and classified into 18 RD classes based on medical specialty involvement. Primary 

outcomes included: (1) COVID-19 severity (hospitalization and life-threatening disease), (2) long 

COVID, and (3) SARS-CoV-2 reinfection. We applied multivariable logistic regression with 

inverse probability of treatment weighting and reported adjusted odds ratios with 95% confidence 

intervals and associated p-values. Models were controlled for demographics, comorbidities, and 

exposure to vaccination and antiviral treatments. 

Findings 

Of 21,704,702 individuals, we identify 4,825,605 COVID-19 positive individuals, 6.36% had 

RDs, with markedly higher rates of rare disease (RD) patients that have life-threatening illness 

(16% vs. 6.1% without life-threatening illness) and that are hospitalized (13% vs. 6.0% without 

hospitalization). Otorhinolaryngologic diseases showed the highest risk of life-threatening 

outcomes (OR 4.51; 95% CI 3.81-5.33), followed by developmental defect during embryogenesis 

(OR 1.84; 95% CI 1.72-1.98) and cardiac conditions (OR 1.79; 95% CI 1.51-2.11). Hospitalization 

risk was highest for otorhinolaryngologic (OR 2.90; 95% CI 2.61-3.23), developmental defect 

during embryogenesis (OR 2.06; 95% CI 1.97-2.16), and hematologic and endocrine diseases (OR 

1.81; 95% CI 1.75-1.87 and OR 1.81; 95% CI 1.64-1.99, respectively). 

In patients with RDs, vaccination alone or antiviral treatment alone was associated with reduced 

odds of life-threatening COVID-19 disease compared to non-vaccinated individuals (OR 0.71; 

95% CI 0.66-0.77 and OR 0.33; 95% CI 0.26-0.42, respectively).  The combination of both 

vaccination and antiviral treatment showed the greatest reduction in odds ratio (OR 0.24; 95% CI 

0.20-0.27). Similar results were observed in patients without RDs. In contrast, vaccination or 

antiviral therapy alone, compared to no intervention, did not significantly reduce long COVID risk 

in RD patients, although these interventions alone did result in a lower odds ratio in patients 

without RD. However, their combination was protective in both groups. Vaccination alone, 

compared to no vaccination, also reduced the risk of reinfection across RD and non-RD 

populations. 
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Interpretation 

RD patients face elevated risks of severe COVID-19 outcomes. While vaccination and antivirals 

significantly reduce the acute severity of illness, their impact on long COVID appears limited in 

this population. Notably, vaccination was protective against COVID-19 reinfection in both RD and 

non-RD populations. These findings highlight the need for targeted strategies to protect RD 

patients beyond current interventions, particularly in preventing long-term complications. 

Funding 

This work was supported in part by the intramural and extramural programs at NCATS (ZIA 

ZICTR000410). 

 

Introduction 

Globally, over 777 million individuals have been infected by the SARS-CoV-2 virus as of 20th 

April 20251. While much attention has been given to the acute phase of the infection, emerging 

evidence suggests that the long-term consequences of COVID-19, often referred to as "long 

COVID," and the risk of reinfection are significant public health concerns2–4. Numerous studies 

have shown that a significant proportion of individuals with COVID-19 continue to experience 

persistent symptoms lasting beyond four weeks, with some cases extending for several months or 

even years after the initial infection5–7. RDs, defined in the United States (US) as conditions 

affecting fewer than 200,000 individuals in the US, encompass over 10,000 distinct disorders that 

collectively impact more than 30 million people8–10. Individuals with RDs represent a unique 

subset due to their distinct and heterogenous pathophysiological profiles and often compromised 

immune systems11.  

Despite growing interest, significant gaps remain in understanding the impact of RDs on COVID-

19 severity. A recent study has indicated that patients with underlying health conditions, including 

RDs, are at a higher risk for severe COVID-19 outcomes, such as mortality12. While these findings 

underscore the relevance of RDs in the context of the pandemic, the scope of prior research remains 

narrow. Notably, a population-wide study in England utilizing linked electronic health record 

(EHR) data from over 58 million individuals examined the prevalence of only 331 RDs and their 

association with COVID-19-related mortality13. This highlights that, despite the breadth of 

available data, evaluations of COVID-19 outcomes have thus far been limited to a small subset of 

the more than 10,000 known RDs, leaving a substantial knowledge gap. 

One key challenge in evaluating the broader RD population is the heterogeneity in disease etiology, 

as well as variation in diagnostic and treatment practices. To help address classification issues and 

ensure that each RD is assigned to a single category, Orphanet has developed RD linearization to 

facilitate evaluation of RD groups by medical specialty14. A recent investigation further advanced 

this effort by mapping a larger number of RDs to diagnosis codes (SNOMED-CT and ICD-10) 
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used in the EHR and assessing the risk ratio of COVID-19 severity across RD classes based on 

medical specialty15. Although progress has been made, the risks and burden associated with 

preexisting RDs in relation to long COVID and reinfection remain poorly understood. There is a 

critical need to evaluate these outcomes and assess the effects of prevention and intervention 

strategies such as vaccination and antiviral treatments to better inform public health and clinical 

decision-making. 

In this retrospective study, we leveraged harmonized EHR data from the National COVID Cohort 

Collaborative (N3C), the largest integrated COVID-19 dataset in the United States, to evaluate the 

impact of preexisting RDs on COVID-19 severity, long COVID, and reinfection. We also 

examined how vaccination and Food and Drug Administration (FDA) approval and Emergency 

Use Authorization (EUA) of antiviral treatments such as Paxlovid, and Molnupiravir affect these 

outcomes in individuals with and without RDs. Vaccination has been shown to significantly reduce 

the severity of COVID-19 and the risk of hospitalization16, while antivirals have demonstrated 

efficacy in lowering hospitalization and mortality rates in high-risk patients17,18. This study 

addresses four critical questions: (i) Do individuals with specific RD classes or RD as a group face 

greater risk of severe COVID-19 outcomes (hospitalization, life-threatening)? (ii) Are RD patients 

more susceptible to developing long COVID? (iii) Is the risk of reinfection elevated in this RD 

population? (iv) How do vaccination and antiviral therapies modify these risks across rare and 

non-rare disease groups? By addressing these questions, our study aims to fill key evidence gaps 

and inform clinical decision-making and policy development for a medically underserved RD 

population. 

Methods 

Study design and participants 

We conducted a retrospective cohort study using harmonized EHR data from the N3C Enclave, 

the largest integrated COVID-19 EHR dataset in the United States19. The dataset aggregates 

clinical data from 83 participating institutions using the Observational Medical Outcomes 

Partnership (OMOP) Common Data Model within a secure Palantir Foundry environment. The 

study was approved by the Institutional Review Board (IRB) under the N3C data use agreement 

[IRB00249128]. The N3C enclave released version V154 from Limited Datasets data 

(N=21,704,702 individuals) was used and includes individuals entered at or before January 4th, 

2024. We identified a subset of 4,825,605 individuals who tested positive for COVID-19 via RT-

PCR, antigen (Ag), or clinical diagnosis between January 1, 2020, and January 4, 2024 (Figure 

1). We excluded individuals with missing age or sex, those under 1 year of age, individuals with 

fewer than one clinical encounter before or after the COVID-19 diagnosis date, and those from 

sites failing data quality checks. Historical data on comorbidities, medication exposures, and other 

clinical variables were available as early as January 1, 201819. 

Rare disease diagnosis definitions 
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We curated 12,003 unique RDs from the Genetic and Rare Disease Information Center (GARD) 

and mapped them to SNOMED-CT and ICD-10 codes using Orphanet (July 2023 version), which 

employs the OHDSI Atlas (OMOP data model)15. To increase coverage of RDs, we included 

descendant codes of the resulting RD SNOMED-CT codes using the OHDSI Atlas tool20. We next 

excluded group of disorders (e.g. disorder of carbohydrate metabolism brings type II diabetes and 

many more descendants which are not RDs) and phenotypes, as defined by the Human Phenotype 

Ontology (HPO) via HPO API21. The finalized RD-specific SNOMED-CT and ICD-10 codes were 

converted to OMOP concept IDs using the N3C concept table. We applied these concept IDs to 

identify COVID-19-infected individuals with a prior RD diagnosis.  When the resulting incidence 

exceeded six per ten thousand (reflecting the United States Definition of RDs),  manual review by 

a clinician was performed, resulting in removal of  26 non-rare diseases15.  

RDs were classified into 30 classes based on the Orphanet linearization classification based on the 

Orphanet Linearization system14.  Twelve classes were excluded from the analysis due to lack of 

OMOP concept mapping, inconsistent concept definitions, or insufficient representation15. The 

excluded classes are abdominal surgical, circulatory system, disorder due to toxic effects, genetic, 

gynecologic or obstetric, infertility, maxillofacial surgical, odontologic, surgical cardiac, surgical 

thoracic, transplantation, and urogenital. Ultimately, eighteen rare disease classes (rare bone, 

cardiac, developmental, endocrine, gastroenterologic, hematologic, hepatic, immune, inborn errors 

of metabolism, infectious, neoplastic, neurologic, ophthalmic, otorhinolaryngologic, renal, 

respiratory, skin, and systemic or rheumatologic diseases) were considered in the study. We note 

that an RD can only belong to a single Orphanet linearization class, where the priority of the 

assigned class for RDs with multiple potential classes reflects the most severely affected body 

system, impact on prognosis, and primary specialist. The final cohort comprises 306,723 patients 

diagnosed with pre-existing RDs belonging to one of the18 RD classes listed above. 

Outcomes 

The outcomes we evaluated were as follows:  

1. COVID-19 severity: COVID-19 severity outcomes in N3C are based on the WHO Clinical 

Progression Scale22. We categorized binary outcomes as: (i) life-threatening disease (e.g., 

invasive mechanical ventilation, extracorporeal membrane oxygenation [ECMO], death)23, 

and (ii) hospitalization (yes/no) if the individual was hospitalized within 16 days of COVID-

19 infection index date.  

 

2. Long COVID: The CDC introduced the ICD-10 code U09.9 (Post COVID-19 condition, 

unspecified) on June 30, 2021, with implementation starting October 1, 2021. Due to 

underreporting of long COVID (U09.9) in N3C, we additionally identified potential long 

COVID patients using a machine learning (RECOVER ML) model2, ICD-10 code B94.8, 

or observation concept ID 2004207791. The RECOVER xgboost ML model (≥0.75 

probability) in the N3C Knowledge Store (release version Feb 28th, 2025) was used. Patients 
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were included in the long COVID analysis if they had at least 90 days of follow-up after 

their initial COVID-19 diagnosis. Individuals who died within the first 90 days were 

excluded, but since death was comparatively infrequent, it is unlikely to have represented a 

competing risk.   

 

3. COVID reinfection: COVID-19 reinfection is defined as a new positive SARS-CoV-2 PCR, 

antigen, or diagnosis occurring ≥60 days after the initial infection index date. The reinfection 

index date is the date of the new positive test. Subsequent reinfections follow the same 60-

day rule. Although many studies use a 90-day threshold, evidence shows most individuals 

stop shedding virus within 60 days, supporting the 60-day reinfection definition24,25. 

Individuals were included in the reinfection analysis if they had at least 60 days of follow-

up after their initial infection; those who died within this period were excluded. Since 

vaccination began in late 2020 in the US, we selected the cohort for reinfection analysis 

from January 1, 2021, to January 4, 2024. 

Covariates 

In addition to the 18 RD class indicators described previously, we evaluated a set of demographic 

and clinical covariates as potential confounders. These included age (categorized as 1-20, 21-40, 

41-65, and >65 years), body mass index (BMI: underweight <18.5, normal 18.5-25, overweight 

25-30, obese ≥30 kg/m²), sex (male, female), race (Asian, Black or African American, White, 

unknown/missing), ethnicity (Hispanic or Latino, Non-Hispanic or Latino, unknown/missing), and 

smoking status (current or former smoker, non-smoker). Additional clinical covariates comprising 

preexisting comorbidities (diagnosis prior to that of COVID-19): cancer, cardiomyopathies, 

cerebrovascular disease, chronic lung disease, prior dementia, depression, diabetes, heart failure, 

HIV infection, hypertension, kidney disease, liver disease, coronary artery disease, myocardial 

infarction, peripheral vascular disease, and rheumatologic disease. To address multicollinearity, 

comorbidities closely related to each RD class were excluded from the corresponding models. For 

the rare cardiac disease models, cardiomyopathies, coronary artery disease, heart failure, and 

myocardial infarction were excluded. For the rare immune disease models, cancer, HIV infection, 

diabetes, and rheumatologic disease were excluded. For the rare renal disease models, kidney 

disease was excluded. For rare systemic or rheumatologic disease, we removed rheumatologic 

disease, HIV infection, diabetes, and rheumatologic disease. Also, antiviral treatments and 

vaccination exposures (described below) were considered in model building for different 

outcomes. 

Definitions of exposure to antivirals and vaccination  

Antiviral treatment and vaccination exposure were considered, focusing on the Omicron variant 

period, as antiviral therapies became available under FDA approval and emergency use 

authorization (EUA) in late December 2021.  
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• Antiviral exposure was defined as receiving at least one dose of an oral antiviral, Paxlovid 

(nirmatrelvir/ritonavir) or Lagevrio (Molnupiravir) within 5 days of COVID-19 diagnosis. 

 

• Vaccination status was defined as fully vaccinated if the patient had completed a primary 

vaccine series as defined by CDC at least 14 days prior to the initial COVID-19 diagnosis26. 

Statistical Analysis 

We applied both univariate and multivariable logistic regression models to assess the association 

of each RD class with COVID-19 severity, adjusting for demographic and comorbidities 

covariables as described above. To evaluate the effects of vaccination and antiviral treatment 

among individuals with preexisting RDs compared to those without, we grouped all RD classes 

into a single "rare disease" group due to limited sample sizes within individual RD classes. To 

address baseline differences across treatment groups defined by vaccination status and/or antiviral 

use, we applied inverse probability of treatment weighting (IPTW) based on propensity scores, 

estimating the average treatment effect (ATE)27 for each model. Propensity scores were calculated 

using logistic regression models that included demographic and comorbidities variables. Stabilized 

weights were used to enhance robustness, and extreme weights were trimmed at the 99th 

percentile. Covariate balance between treatment groups was evaluated using standardized mean 

differences (SMD), with values below 0.1 indicating adequate balance. Finally, we applied robust 

logistic regression models incorporating both the trimmed IPTW weights and covariates to 

estimate adjusted odds ratios (ORs), 95% confidence intervals (CI), and p-values for the outcomes 

of interest. For models evaluating associations between RD class and outcomes, odds ratios with 

Bonferroni-adjusted p-values < 0.0028 were considered statistically significant. For models 

evaluations associations of vaccination, antiviral treatment, or both, odds ratios with Bonferroni-

adjusted p-values < 0.017 are considered statistically significant.  Statistical modeling (Figure S1) 

was conducted within the N3C enclave using SQL, Python (3.10.16), statsmodels (0.14.4), Patsy 

(1.0.1), Numpy (1.26.4), Pandas (1.5.3), Spark SQL (3.4.1.34), R libraries (WeightIt(1.4.0)), 

(cobalt(4.6.0)), (ggplot2(3.5.2)), (ggpubr(0.6.0)), (survey(3.8_3)), (dplyr(1.1.4)), (broom (1.0.8)) 

, (gtsummary (2.1.0), tidyverse (2.0.0) & gt (1.0.0) libraries)28.   

Results 

Using the N3C enclave, we analyzed EHR data from 4,825,605 individuals who tested positive for 

COVID-19 through Reverse Transcription Polymerase Chain Reaction (RT-PCR), Antigen (Ag), 

or clinical diagnosis between January 1, 2020, and January 4, 2024. Among these COVID-19 

positive cases, 306,723 (6.36%) had RDs, 254,728 (5.28%) were hospitalized, and 113,510 

(2.35%) had a life-threatening (or fatal) disease. Among patients who experienced life-threatening 

outcomes, a high proportion had underlying comorbidities, including hypertension (82,396; 73%), 

chronic lung disease (47,425; 42%), and diabetes (45,053; 40%). These same comorbidities were 

also prevalent among hospitalized patients, indicating a consistent pattern of increased severity 

among patients with these conditions (Table 1). 
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Among patients with an RD diagnosis, 16% experienced a life-threatening COVID-19 outcome 

while 6.1% did not (Pearson’s χ2 test p < 0.001). Similarly, 13% of RD patients were hospitalized 

while 6.0% of RD patients were not (Pearson’s χ2 test p < 0.001) (all differences were statistically 

significant with Pearson’s χ2 test < 0.001 p < 0.001) (Table 1). The most prevalent RD classes, 

irrespective of association with outcomes, were rare neurologic diseases (n=78,460), rare systemic 

or rheumatologic diseases (n=47,172), and rare hematologic diseases (n=36,462) (Figure 2).  

The percent RD patients affected by life-threatening and hospitalization outcomes were further 

evaluated by Orphanet linearization class.  The highest proportions of life-threatening outcomes 

were observed in patients with rare neoplastic diseases (10.7%; N=3,495) and rare respiratory 

diseases (10.0%; N=3,129). Hospitalization was most frequent among patients with rare 

respiratory diseases (15.0%, N=4,703) and rare hematologic diseases (14.4%; N=5,244) (Figure 

2).  

Specific RD classes are associated with COVID-19 outcomes 

In univariate logistic regression models, all 18 RD classes were significantly associated with 

increased odds ratios of life-threatening COVID-19, with the strongest associations observed for 

rare neoplastic (OR 5.12; 95% CI 4.95-5.31;  p < 0.001), respiratory (OR 4.69; 95% CI 4.52-4.87; 

p < 0.001), and endocrine diseases (OR 3.42; 95% CI 3.04-3.85; p < 0.001). When examining 

COVID-19-related hospitalizations, the top three disease categories with the most robust 

associations were rare endocrine diseases (OR 3.27; 95% CI 3.0-3.56; p < 0.001), rare respiratory 

diseases (OR 3.2; 95% CI 3.1-3.3; p < 0.001), and rare hematologic diseases (OR 3.06; 95% CI 

2.97-3.15; p < 0.001). (Table S1). 

When adjusting for demographic and comorbidities variables, multivariate logistic regression 

models (Table 2, Figure 3) revealed that rare otorhinolaryngologic diseases were associated with 

the highest odds ratios of life-threatening COVID-19 outcomes ( OR 4.51; 95% CI 3.81-5.33; p < 

0.001), followed by rare developmental defects during embryogenesis (OR 1.84; 95% CI 1.72-

1.98; p < 0·001), rare cardiac diseases (OR 1.79; 95% CI 1.51-2.11; p < 0·001), and rare respiratory 

diseases (OR 1.78; 95% CI 1.71-1.86; p < 0·001). All other RD classes were significantly 

associated with increased odds ratios of life-threatening illness (ORs range from 1.08 to 1.69), 

except for rare skin diseases (OR 0.98; 95% CI 0.90-1.07; p = 0.644), rare inborn errors of 

metabolism, and rare renal disease.  

Similar to life-threatening disease, adjusted multivariate regression models evaluating COVID-19 

related hospitalization show that rare otorhinolaryngologic diseases (OR 2.90; 95% CI 2.61-3.23), 

rare developmental defect during embryogenesis (OR 2.06; 95% CI 1.97-2.16), and rare 

hematologic diseases (OR 1.81; 95% CI 1.75-1.87) are the top three RD classes showing the 

strongest positive association with increased risk (p < 0.001). All other classes were also associated 

with elevated odds ratios except rare skin diseases and rare systemic or rheumatologic diseases 

(Table 2, Figure 3).  
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Vaccination and antiviral treatment exposures are protective in RD and non-RD populations 

To assess the impact of vaccination and antiviral treatment, we performed a sub-cohort analysis 

using data from sites with reliable treatment documentation from December 23rd, 2021, to January 

4th, 2024. Among 799,662 vaccinated and/or treated patients, 66,021 (8.3%) had a RD. Compared 

to non-RD, RD patients were more likely to receive both antivirals and vaccination compared to 

non-RD patients (19% vs. 16%, respectively, Pearson’s χ2 test < 0.001) and had higher rates of 

severe outcomes, including hospitalization (9.5% in RD patients vs. 4.5% in non-RD patients, 

Pearson’s χ2 test < 0.001) and long COVID (11% in RD patients vs. 5.4% in non-RD patients, 

Pearson’s χ2 test < 0.001). RD patients were also older and had a greater burden of comorbidities 

such as cancer, chronic lung disease, and hypertension compared to non-RD patients (all 

differences were statistically significant with Pearson’s χ2 test < 0.001 p < 0.001) (Table S2).  

Among patients with preexisting RDs, COVID-19 vaccination alone was associated with a 

reduction in the odds of developing life-threatening disease compared to unvaccinated individuals 

(OR = 0.71; 95% CI: 0.66-0.77; p < 0.001) (Table 3). Antiviral treatment alone was also protective 

(OR = 0.33; 95% CI: 0.26-0.42; p < 0.001), and the combination of vaccination and antiviral 

therapy conferred the strongest protection (OR = 0.24; 95% CI: 0.20-0.27; p < 0.001). Similarly, 

in patients without preexisting RDs, vaccination alone was associated with a reduction in the odds 

of life-threatening outcomes compared to no vaccination (OR = 0.64; 95% CI: 0.61-0.66; 

p < 0.001), antiviral treatment alone also conferred protection (OR = 0.34; 95% CI: 0.30-0.38; 

p < 0.001), and a combined vaccination and antiviral therapy showed the strongest protection effect 

(OR = 0.23; 95% CI: 0.21-0.25;  p < 0.001) (Table 3). All models were adjusted for demographics 

and comorbidities. The protective effects of vaccination and antiviral treatment were thus 

consistent across patients with and without preexisting RD diagnosis, underscoring their benefit in 

medically vulnerable individuals.  

Notably, the results for hospitalization mirrored those observed for life-threatening outcomes.  

Vaccination (OR 0.62; 95% CI: 95% CI: 0.59-0.66; p < 0.001), antiviral treatment (OR 0.31; 95% 

CI: 95% CI: 0.26-0.37; p < 0.001), and the combined use of both (OR 0.11; 95% CI: 95% CI: 0.10-

0.13; p < 0.001) showed substantial and statistically significant protective effects of 

hospitalization. Similar protection was noted in patients without RDs (Table S3).  

Vaccination and antiviral treatment exposure show no impact on long COVID outcome in 

RD patient population  

We evaluated whether vaccination or antiviral treatment (Paxlovid and Molnupiravir) are 

associated with long COVID in RD and non-RD patients (Table 4).  In patients with preexisting 

RD, vaccination alone (OR: 1.09; 95% CI: 1.02-1.16; p = 0.006) and antiviral treatment alone (OR: 

1.01; 95% CI: 0.89-1.14; p = 0.93) was not protective of long COVID. However, the combination 

of vaccination and antivirals did show a protective effect (OR: 0.88; 95% CI: 0.81-0.96; p = 0.002). 

Similarly, patients without RDs showed a protective effect against long COVID for patients that 

underwent vaccination and antiviral therapy both (OR: 0.84; 95% CI: 0.81-0.87; p < 0.001).  
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Contrary to non-RD patients, the protective effect was not statistically significant for vaccination 

(OR: 1.09; 95% CI: 1.02-1.16; p = 0.006) alone or antiviral treatment (OR: 1.01; 95% CI: 0.89-

1.14; p = 0.93) alone for RD patients. 

Protective effect of vaccination on COVID reinfection 

Vaccination was associated with a significant reduction in the risk of COVID-19 reinfection in 

individuals with and without preexisting RDs (Table 5). Among 64,128 RD patients, vaccinated 

individuals had had lower odds of reinfection compared to unvaccinated controls (OR 0.81; 95% 

CI 0.75-0.86; p < 0.001). Similarly, in the larger non-RD population of 804,853 individuals, 

vaccination conferred an even greater protective effect (OR 0.75; 95% CI 0.73-0.76; p < 0.001). 

These findings demonstrate that while vaccination provides meaningful protection against 

reinfection across both groups, the effect is somewhat more pronounced in those without RD. We 

also note that age was inversely associated with reinfection risk in both RD and non-RD patients, 

with older individuals experiencing lower risk compared to those aged 20-40 years. Overall, these 

results support the continued prioritization of vaccination efforts to reduce COVID-19 

reinfections, especially among vulnerable RD patients who face elevated risks from the virus. 

Discussion 

This study leveraging a large-scale real-world dataset from over 21 million individuals in the N3C 

enclave provides the most comprehensive assessment of COVID-19 severity, reinfection, and long 

COVID outcomes among patients with RDs. Our findings underscore the disproportionate burden 

of severe COVID-19 outcomes in this medically vulnerable population and offer crucial insights 

into the protective role of vaccination and antiviral therapy. 

Patients with RDs experienced markedly worse outcomes following SARS-CoV-2 infection 

compared to those without RDs. Life-threatening diseases and hospitalization occurred at more 

than twice the rate of the RD population. Notably, among the 18 RDs classes examined, nearly all 

showed significantly elevated odds ratios of severe outcomes, with rare otorhinolaryngologic, 

developmental defect during embryogenesis, cardiac, respiratory diseases, hematologic, and 

endocrine conferring the highest risks. For patients with otorhinolaryngologic conditions, their 

association with worse outcomes could be explained in part by poor clearance of secretions or 

aspiration that might favor the development of pneumonia. According to the CDC, developmental, 

cardiac, and respiratory disorders are classified as disabilities that increase the risk of COVID-19 

and some of these disorders include RDs (e.g., Cystic fibrosis, Gaucher disease, Fragile X 

syndrome etc.)29.  

These findings echo existing literature highlighting the importance of underlying conditions in 

COVID-19 prognosis, including cardiopulmonary disease, disabilities, cancer, liver, kidney, and 

neurologic disease and immunologic impairments30,31.  Our findings also expand this risk paradigm 

to previously understudied RD groups (e.g., patients with rare otorhinolaryngologic, bone, and 
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endocrine disease), in which the underlying basis for elevated risk may be less clear and deserving 

of further study.    

Importantly, these associations persisted even after controlling for common comorbidities and 

demographic factors that are known to increase the risk of adverse outcomes, suggesting that RDs 

contribute independently to vulnerability. This has significant implications for clinical risk 

stratification, particularly since many RDs lack specific public health guidelines for pandemic 

preparedness and response. 

Encouragingly, we observed that both COVID-19 vaccination and antiviral treatment were highly 

effective in reducing the risk of severe illness in patients with RDs, mirroring trends seen in the 

general, non-RD population. The combined effect of both interventions was particularly notable, 

yielding an odds ratio of 0.24 for life-threatening outcomes and 0.11 for hospitalization when 

compared to no intervention. These findings support and extend prior work demonstrating the 

additive benefits of layered COVID-19 prevention strategies32,33 and reaffirm the importance of 

timely antiviral treatment in high-risk groups34. 

However, the protective benefits of antiviral treatment and vaccination exposure was not uniform 

across all outcomes. While vaccination and/or antivirals substantially mitigated the risk of acute 

severity compared to no intervention, they offered no significant protection against long COVID 

in patients with RDs when administered alone. This contrasts with findings in the non-RD 

population, where vaccination alone or antiviral treatment alone reduced long COVID risk 

compared to no treatment. These differential effects raise important questions about the 

pathophysiology of post-acute sequelae in RD populations. It is possible that overlapping 

symptomatology, pre-existing organ dysfunction, or immune dysregulation in RD patients may 

obscure or complicate recovery trajectories, limiting the measurable impact of current 

interventions35–37.  

Similarly, our findings on COVID-19 reinfection reveal that vaccination provides significant 

protection in both RD and non-RD populations, though the magnitude of protection is slightly 

attenuated in individuals with RDs (OR = 0.81 for RD patients and OR = 0.75 in non-RD patients). 

This suggests a nuanced protective profile, possibly due to differential immune responses in RD 

individuals, particularly those with immune or hematologic impairments. Antiviral treatments 

were not explicitly analyzed for their effect on reinfection because vaccination was widely 

implemented starting in late 2020 to early 2021, whereas antiviral therapies received approval only 

in late 2021, limiting the observation window to assess their impact on reinfection rates. 

Nonetheless, the demonstrated protective effect of vaccination underscores the importance of 

tailored preventive strategies to enhance protection in vulnerable RD populations. 

This study has several strengths, including its unprecedented scale, disease-specific stratification 

using Orphanet classification, and robust confounder adjustment. However, some limitations must 

be acknowledged. Our reliance on EHR data may undercapture long COVID and reinfection 

events, particularly those not resulting in healthcare encounters.  Furthermore, cases of long 

for use under a CC0 license. 
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available 

(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 
The copyright holder for this preprintthis version posted July 10, 2025. ; https://doi.org/10.1101/2025.07.09.25331138doi: medRxiv preprint 

https://doi.org/10.1101/2025.07.09.25331138


COVID were also identified in our analysis using a machine learning model that has not been 

specifically validated in a population of patients with RDs, in which chronic and recurrent 

symptoms might overlap with the clinical picture of long COVID.  The heterogeneity within and 

between RD classes may also limit generalizability, and concept mapping limitations necessitated 

the exclusion of 12 RD classes. Future research should incorporate patient-reported outcomes, 

immunologic profiling, and mechanistic studies to better understand the differential impacts of 

COVID-19 in these populations and specific factors that may predispose to worse outcomes. 

In conclusion, our findings highlight the heightened vulnerability of patients with RD to COVID-

19 severity, long-COVID, and reinfection, while underscoring the effectiveness of combined 

vaccination and antiviral therapy to protect against long-COVID, and of vaccination to protect 

against reinfection. Tailored public health strategies, prioritization in treatment allocation, and 

dedicated clinical trials are essential to protect these often-overlooked populations in the ongoing 

pandemic and beyond. 
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Figure 1: Workflow to define the RD patients within N3C. EHR data on 21,704,702 patients 

were available in the N3C enclave release version V154. Of these, 4,825,605 were defined as 

COVID-19 positive between Jan 1st, 2020, or after Jan 4th, 2024 (see Methods). These patients 

were further filtered for: non missing values for age and sex, at least one encounter visit before 

and after COVID-19 diagnosis date, incomplete data from data partners, inconsistent mappings or 

insufficient representation. Lastly, patients with COVID-19 were stratified into two groups, those 

with and without RDs. 
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Figure 2: Description of patients with preexisting RD classes and associated life-threatening disease/ hospitalization in the N3C 

COVID-19 cohort. A) Number of patients per RD class identified within the N3C COVID-19 cohort. Proportion of RD 

patients, by RD class, in the N3C stratified by COVID-19 related life-threatening disease (B) and hospitalization (C). 
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Figure 3: Multivariate weighted logistic regression models of each rare disease class association 

with COVID-19 life-threatening disease and hospitalization. Odds ratios for patients with vs. 

without preexisting RD for each RD class are depicted.  Multivariate weighted logistic regression 

models were adjusted for demographics and comorbidities.  Outcomes evaluated are 

hospitalization (red) and life-threatening disease (blue). * Denotes statistical significance (p-value 

< 0.0028). 
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Overall 

(N =  4,825,605)

Life-threatening 

(No)

(N = 4,712,095)

Life-threatening 

(Yes)

(N =  113,510)

Hospitalized 

(No)

(N =  4,570,877)

Hospitalized 

(Yes)

(N = 254,728)

Rare Diseases, n (%)

     Rare disease 306,723 (6.4%) 288,305 (6.1%) 18,418 (16%) 273,444 (6.0%) 33,279 (13%)

     Rare neurologic disease 78,460 (1.6%) 74,282 (1.6%) 4,178 (3.7%) 70,341 (1.5%) 8,119 (3.2%)

     Rare systemic or rheumatologic disease 47,172 (1.0%) 44,469 (0.9%) 2,703 (2.4%) 42,088 (0.9%) 5,084 (2.0%)

     Rare hematologic disease 36,462 (0.8%) 34,081 (0.7%) 2,381 (2.1%) 31,218 (0.7%) 5,244 (2.1%)

     Rare neoplastic disease 32,525 (0.7%) 29,030 (0.6%) 3,495 (3.1%) 28,357 (0.6%) 4,168 (1.6%)

     Rare respiratory disease 31,411 (0.7%) 28,282 (0.6%) 3,129 (2.8%) 26,708 (0.6%) 4,703 (1.8%)

     Rare developmental defect during embryogenesis 25,734 (0.5%) 24,695 (0.5%) 1,039 (0.9%) 23,117 (0.5%) 2,617 (1.0%)

     Rare infectious disease 19,251 (0.4%) 18,050 (0.4%) 1,201 (1.1%) 17,187 (0.4%) 2,064 (0.8%)

     Rare skin disease 14,055 (0.3%) 13,431 (0.3%) 624 (0.5%) 12,959 (0.3%) 1,096 (0.4%)

     Rare ophthalmic disorder 9,738 (0.2%) 9,172 (0.2%) 566 (0.5%) 8,632 (0.2%) 1,106 (0.4%)

     Rare immune disease 9,439 (0.2%) 8,957 (0.2%) 482 (0.4%) 8,574 (0.2%) 865 (0.3%)

     Rare gastroenterologic disease 8,469 (0.2%) 7,835 (0.2%) 634 (0.6%) 7,414 (0.2%) 1,055 (0.4%)

     Rare hepatic disease 8,348 (0.2%) 7,756 (0.2%) 592 (0.5%) 7,408 (0.2%) 940 (0.4%)

     Rare inborn errors of metabolism 6,016 (0.1%) 5,813 (0.1%) 203 (0.2%) 5,532 (0.1%) 484 (0.2%)

     Rare otorhinolaryngologic disease 4,863 (0.1%) 4,675 (<0.1%) 188 (0.2%) 4,438 (<0.1%) 425 (0.2%)

     Rare bone diseases 4,095 (<0.1%) 3,826 (<0.1%) 269 (0.2%) 3,619 (<0.1%) 476 (0.2%)

     Rare endocrine disease 3,970 (<0.1%) 3,668 (<0.1%) 302 (0.3%) 3,359 (<0.1%) 611 (0.2%)

     Rare cardiac diseases 3,339 (<0.1%) 3,149 (<0.1%) 190 (0.2%) 2,983 (<0.1%) 356 (0.1%)

     Rare renal disease 3,203 (<0.1%) 3,058 (<0.1%) 145 (0.1%) 2,838 (<0.1%) 365 (0.1%)

Demographic, n(%)

    Age, n (%)  

           Age (1-20) 756,458 (16%) 754,873 (16%) 1,585 (1.4%) 744,436 (16%) 12,022 (4.7%)

           Age (20-40) 1,290,311 (27%) 1,284,919 (27%) 5,392 (4.8%) 1,252,105 (27%) 38,206 (15%)

           Age (40-65) 1,764,220 (37%) 1,732,599 (37%) 31,621 (28%) 1,673,954 (37%) 90,266 (35%)

           Age (>65) 1,014,616 (21%) 939,704 (20%) 74,912 (66%) 900,382 (20%) 114,234 (45%)

     BMI, n (%)

          Obese 3,327,290 (69%) 3,250,544 (69%) 76,746 (68%) 3,142,672 (69%) 184,618 (72%)

          Over weight 773,893 (16%) 751,229 (16%) 22,664 (20%) 730,611 (16%) 43,282 (17%)

          Normal 548,776 (11%) 535,917 (11%) 12,859 (11%) 525,730 (12%) 23,046 (9.0%)

          Under weight 175,646 (3.6%) 174,405 (3.7%) 1,241 (1.1%) 171,864 (3.8%) 3,782 (1.5%)

     Sex, n(%)

           Female 2,894,095 (60%) 2,838,902 (60%) 55,193 (49%) 2,757,683 (60%) 136,412 (54%)

           Male 1,931,510 (40%) 1,873,193 (40%) 58,317 (51%) 1,813,194 (40%) 118,316 (46%)

     Race, n(%)

          Asian 168,936 (3.5%) 166,104 (3.5%) 2,832 (2.5%) 161,711 (3.5%) 7,225 (2.8%)

          Black or African American 635,771 (13%) 620,193 (13%) 15,578 (14%) 585,133 (13%) 50,638 (20%)

          Missing/Unknown/Other 572,379 (12%) 562,374 (12%) 10,005 (8.8%) 545,169 (12%) 27,210 (11%)

          White 3,448,519 (71%) 3,363,424 (71%) 85,095 (75%) 3,278,864 (72%) 169,655 (67%)

     Ethinicity, n(%)

          Hispanic or Latino 572,704 (12%) 565,003 (12%) 7,701 (6.8%) 546,590 (12%) 26,114 (10%)

          Not hispanic or Latino 3,897,051 (81%) 3,799,486 (81%) 97,565 (86%) 3,682,659 (81%) 214,392 (84%)

          Missing/Unknown 355,850 (7.4%) 347,606 (7.4%) 8,244 (7.3%) 341,628 (7.5%) 14,222 (5.6%)

     Smoking status, n(%)

           Current or former smoker 817,769 (17%) 796,916 (17%) 20,853 (18%) 770,308 (17%) 47,461 (19%)

           Non-smoker 4,007,836 (83%) 3,915,179 (83%) 92,657 (82%) 3,800,569 (83%) 207,267 (81%)

Comorbidities, n(%)

     Cancer 398,653 (8.3%) 361,075 (7.7%) 37,578 (33%) 353,248 (7.7%) 45,405 (18%)

     Cardiomyophaties 117,665 (2.4%) 102,424 (2.2%) 15,241 (13%) 94,018 (2.1%) 23,647 (9.3%)

     Cerebro vascular disease 189,956 (3.9%) 169,220 (3.6%) 20,736 (18%) 157,137 (3.4%) 32,819 (13%)

     Chronic lung disease 805,923 (17%) 758,498 (16%) 47,425 (42%) 717,743 (16%) 88,180 (35%)

     Coronary artery disease 358,693 (7.4%) 321,889 (6.8%) 36,804 (32%) 300,058 (6.6%) 58,635 (23%)

     Dementia before 91,768 (1.9%) 74,969 (1.6%) 16,799 (15%) 72,777 (1.6%) 18,991 (7.5%)

     Depression 775,932 (16%) 743,839 (16%) 32,093 (28%) 712,396 (16%) 63,536 (25%)

     Diabetes 694,589 (14%) 649,536 (14%) 45,053 (40%) 603,168 (13%) 91,421 (36%)

     Heart failure 276,943 (5.7%) 237,156 (5.0%) 39,787 (35%) 217,268 (4.8%) 59,675 (23%)

     HIV infection 26,330 (0.5%) 25,301 (0.5%) 1,029 (0.9%) 23,935 (0.5%) 2,395 (0.9%)

     Hypertension 1,467,196 (30%) 1,384,800 (29%) 82,396 (73%) 1,307,118 (29%) 160,078 (63%)

     Kidney disease 373,494 (7.7%) 330,800 (7.0%) 42,694 (38%) 304,813 (6.7%) 68,681 (27%)

     Liver disease 275,187 (5.7%) 257,054 (5.5%) 18,133 (16%) 242,741 (5.3%) 32,446 (13%)

     Myocardial infraction 148,666 (3.1%) 128,986 (2.7%) 19,680 (17%) 116,374 (2.5%) 32,292 (13%)

     Peripheral vascular disease 170,530 (3.5%) 150,385 (3.2%) 20,145 (18%) 140,038 (3.1%) 30,492 (12%)

     Rheumatologic disease 271,327 (5.6%) 253,266 (5.4%) 18,061 (16%) 238,991 (5.2%) 32,336 (13%)

Table 1: Characteristics of COVID-19 positive patients with and without rare disease. 
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Table 2. Multivariate logistic regression models of severity outcomes adjusted for 

demographics and preexisting comorbidities for each RD linearization class.  

 

 

 

 

 

 

 

 

 

OR (95% CI) P value OR (95% CI) P value

     Rare otorhinolaryngologic disease 4.51 (3.81-5.33) <0.001      Rare otorhinolaryngologic disease 2.90 (2.61-3.23) <0.001

     Rare developmental defect during embryogenesis 1.84 (1.72-1.98) <0.001      Rare developmental defect during embryogenesis 2.06 (1.97-2.16) <0.001

     Rare cardiac diseases 1.79 (1.51-2.11) <0.001      Rare hematologic disease 1.81 (1.75-1.87) <0.001

     Rare respiratory disease 1.78 (1.71-1.86) <0.001      Rare endocrine disease 1.81 (1.64-1.99) <0.001

     Rare bone diseases 1.69 (1.47-1.94) <0.001      Rare bone diseases 1.66 (1.50-1.84) <0.001

     Rare endocrine disease 1.61 (1.41-1.84) <0.001      Rare renal disease 1.57 (1.40-1.76) <0.001

     Rare hematologic disease 1.51 (1.44-1.58) <0.001      Rare respiratory disease 1.47 (1.42-1.53) <0.001

     Rare neoplastic disease 1.36 (1.31-1.42) <0.001      Rare cardiac diseases 1.42 (1.26-1.60) <0.001

     Rare hepatic disease 1.36 (1.24-1.49) <0.001      Rare inborn errors of metabolism 1.41 (1.28-1.56) <0.001

     Rare neurologic disease 1.32 (1.27-1.37) <0.001      Rare ophthalmic disorder 1.38 (1.29-1.47) <0.001

     Rare immune disease 1.28 (1.16-1.41) <0.001      Rare gastroenterologic disease 1.35 (1.26-1.45) <0.001

     Rare renal disease 1.27 (1.06-1.52) 0.0092      Rare neurologic disease 1.33 (1.30-1.36) <0.001

     Rare inborn errors of metabolism 1.23 (1.06-1.43) 0.0079      Rare neoplastic disease 1.26 (1.21-1.30) <0.001

     Rare infectious disease 1.21 (1.13-1.29) <0.001      Rare infectious disease 1.20 (1.14-1.27) <0.001

     Rare ophthalmic disorder 1.21 (1.10-1.33) <0.001      Rare immune disease 1.18 (1.10-1.28) <0.001

     Rare gastroenterologic disease 1.20 (1.10-1.31) <0.001      Rare hepatic disease 1.18 (1.10-1.27) <0.001

     Rare systemic or rheumatologic disease 1.08 (1.03-1.12) <0.001      Rare systemic or rheumatologic disease 1.04 (1.01-1.07) 0.0135

     Rare skin disease 0.98 (0.90-1.07) 0.6440      Rare skin disease 0.94 (0.88-1.01) 0.0704

Life-threatening Hospitalized
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OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

COVID-19 prevention/intervention

   Control 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

    Vaccination status 0.71 (0.66 - 0.77) < 0.001 0.64 (0.61 - 0.66) < 0.001

    Antiviral treatment 0.33 (0.26 - 0.42) < 0.001                               0.34 (0.3 - 0.38) < 0.001

   Vaccination & Antiviral  0.24 (0.2 - 0.27) < 0.001 0.23 (0.21 - 0.25) < 0.001

Demographic

    Age 

           Age (20-40) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

           Age (1-20) 0.67 (0.48 - 0.95) 0.024 0.87 (0.62 - 1.24) 0.444 0.92 (0.65 - 1.31) 0.661 0.3 (0.24 - 0.38) < 0.001 0.29 (0.23 - 0.37) < 0.001 0.31 (0.24 - 0.4) < 0.001

           Age (40-65) 1.91 (1.59 - 2.29) < 0.001 2.28 (1.81 - 2.86) < 0.001 2.3 (1.82 - 2.9) < 0.001 2.99 (2.71 - 3.3) < 0.001 2.75 (2.45 - 3.08) < 0.001 2.73 (2.43 - 3.07) < 0.001

           Age (>65) 3.05 (2.53 - 3.68) < 0.001 3.46 (2.73 - 4.39) < 0.001 3.51 (2.76 - 4.48) < 0.001 6.35 (5.72 - 7.03) < 0.001 5.59 (4.94 - 6.33) < 0.001 5.61 (4.95 - 6.35) < 0.001

     BMI 

          Normal 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

          Obese 0.56 (0.5 - 0.64) < 0.001 0.55 (0.46 - 0.65) < 0.001 0.58 (0.49 - 0.68) < 0.001 0.56 (0.52 - 0.59) < 0.001 0.56 (0.52 - 0.61) < 0.001 0.56 (0.52 - 0.61) < 0.001

          Over weight 0.67 (0.59 - 0.76) < 0.001 0.69 (0.58 - 0.83) < 0.001 0.71 (0.6 - 0.85) < 0.001 0.67 (0.63 - 0.72) < 0.001 0.69 (0.63 - 0.75) < 0.001 0.68 (0.63 - 0.74) < 0.001

          Under weight 1.2 (0.83 - 1.73) 0.335 1 (0.68 - 1.47) 0.994 0.99 (0.67 - 1.46) 0.953 1.47 (1.22 - 1.77) < 0.001 1.21 (0.98 - 1.49) 0.079 1.22 (0.98 - 1.51) 0.079

     Sex

           Female 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

           Male 1.52 (1.39 - 1.66) < 0.001 1.48 (1.32 - 1.67) < 0.001 1.49 (1.32 - 1.67) < 0.001 1.39 (1.34 - 1.45) < 0.001 1.43 (1.35 - 1.51) < 0.001 1.4 (1.33 - 1.48) < 0.001

     Race

          White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

          Asian 0.82 (0.65 - 1.04) 0.102 0.86 (0.63 - 1.17) 0.338 0.77 (0.56 - 1.06) 0.106 0.75 (0.68 - 0.84) < 0.001 0.73 (0.64 - 0.84) < 0.001 0.77 (0.67 - 0.88) < 0.001

          Black or African American 1.21 (1.07 - 1.36) 0.002 1.31 (1.11 - 1.55) 0.001 1.24 (1.05 - 1.46) 0.011 1.16 (1.09 - 1.23) < 0.001 1.22 (1.12 - 1.32) < 0.001 1.18 (1.09 - 1.29) < 0.001

          Missing/Unknown/Other 1.07 (0.9 - 1.28) 0.453 1.03 (0.82 - 1.3) 0.779 1.05 (0.83 - 1.31) 0.690 1.07 (0.99 - 1.16) 0.098 1.07 (0.97 - 1.19) 0.177 1.11 (1 - 1.23) 0.042

     Ethinicity

          Not hispanic or Latino 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

          Hispanic or Latino 1.01 (0.81 - 1.25) 0.952 1.21 (0.93 - 1.58) 0.151 1.3 (1.01 - 1.69) 0.045 0.93 (0.85 - 1.03) 0.153 1.01 (0.9 - 1.14) 0.836 1.01 (0.89 - 1.13) 0.916

          Missing/Unknown 0.72 (0.51 - 1.02) 0.065 0.6 (0.37 - 0.99) 0.044 0.58 (0.35 - 0.95) 0.029 0.66 (0.56 - 0.77) < 0.001 0.7 (0.57 - 0.85) < 0.001 0.66 (0.54 - 0.81) < 0.001

     Smoking status

          Non-smoker 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

          Current or former smoker 0.95 (0.85 - 1.06) 0.370 0.78 (0.66 - 0.91) 0.002 0.8 (0.68 - 0.93) 0.004 1.05 (1 - 1.11) 0.050 0.97 (0.91 - 1.05) 0.489 0.96 (0.9 - 1.04) 0.306

Comorbidities

     Cancer 2.11 (1.93 - 2.3) < 0.001 2.26 (2 - 2.56) < 0.001 2.32 (2.06 - 2.61) < 0.001 2.57 (2.45 - 2.69) < 0.001 2.83 (2.65 - 3.01) < 0.001 2.8 (2.63 - 2.98) < 0.001

     Cardiomyophaties 1.02 (0.9 - 1.15) 0.788 0.94 (0.78 - 1.13) 0.501 0.94 (0.79 - 1.12) 0.509 1.01 (0.94 - 1.09) 0.745 0.99 (0.89 - 1.09) 0.767 0.98 (0.89 - 1.08) 0.662

     Cerebro vascular disease 1.13 (1.02 - 1.26) 0.018 1.17 (1 - 1.36) 0.048 1.14 (0.98 - 1.32) 0.087 1.17 (1.1 - 1.24) < 0.001 1.17 (1.08 - 1.27) < 0.001 1.16 (1.07 - 1.25) < 0.001

     Chronic lung disease 1.4 (1.28 - 1.54) 0.000 1.34 (1.18 - 1.52) < 0.001 1.34 (1.18 - 1.51) < 0.001 1.62 (1.55 - 1.69) < 0.001 1.59 (1.5 - 1.69) < 0.001 1.61 (1.51 - 1.7) < 0.001

     Coronary artery disease 1.01 (0.9 - 1.13) 0.875 0.95 (0.81 - 1.11) 0.524 1.01 (0.87 - 1.18) 0.851 1.03 (0.97 - 1.09) 0.347 0.99 (0.92 - 1.07) 0.808 0.99 (0.92 - 1.07) 0.806

     Dementia before 2.18 (1.91 - 2.49) < 0.001 2.21 (1.83 - 2.67) < 0.001 2.22 (1.84 - 2.66) < 0.001 3.09 (2.9 - 3.29) < 0.001 2.84 (2.6 - 3.1) < 0.001 3.06 (2.81 - 3.34) < 0.001

     Depression 1.01 (0.92 - 1.11) 0.798 1.04 (0.92 - 1.19) 0.525 1.01 (0.89 - 1.15) 0.844 1.04 (0.99 - 1.09) 0.111 1.07 (1 - 1.15) 0.036 1.06 (1 - 1.14) 0.068

     Diabetes 1.07 (0.97 - 1.17) 0.199 1.05 (0.92 - 1.21) 0.468 1.14 (0.99 - 1.3) 0.064 1.16 (1.11 - 1.22) < 0.001 1.15 (1.07 - 1.23) < 0.001 1.15 (1.08 - 1.23) < 0.001

     Heart failure 2.09 (1.87 - 2.34) < 0.001 1.95 (1.67 - 2.29) < 0.001 2.02 (1.73 - 2.35) < 0.001 2.2 (2.08 - 2.34) < 0.001 2.08 (1.92 - 2.26) < 0.001 2.15 (1.98 - 2.33) < 0.001

     HIV infection 0.96 (0.7 - 1.31) 0.783 1.09 (0.73 - 1.63) 0.686 1.12 (0.75 - 1.67) 0.574 0.98 (0.77 - 1.24) 0.839 0.93 (0.67 - 1.29) 0.659 0.97 (0.7 - 1.35) 0.863

     Hypertension 1.2 (1.06 - 1.35) 0.004 1.31 (1.11 - 1.55) 0.001 1.27 (1.08 - 1.49) 0.004 1.39 (1.31 - 1.47) < 0.001 1.36 (1.26 - 1.47) < 0.001 1.31 (1.21 - 1.41) < 0.001

     Kidney disease 1.73 (1.57 - 1.9) < 0.001 1.75 (1.53 - 1.99) < 0.001 1.64 (1.44 - 1.86) < 0.001 1.83 (1.75 - 1.93) < 0.001 1.8 (1.68 - 1.93) < 0.001 1.82 (1.7 - 1.94) < 0.001

     Liver disease 1.42 (1.29 - 1.57) < 0.001 1.41 (1.23 - 1.62) < 0.001 1.39 (1.22 - 1.59) < 0.001 1.43 (1.34 - 1.52) < 0.001 1.44 (1.33 - 1.56) < 0.001 1.39 (1.28 - 1.5) < 0.001

     Myocardial infraction 0.99 (0.88 - 1.12) 0.866 0.88 (0.74 - 1.05) 0.148 0.91 (0.77 - 1.08) 0.298 1.2 (1.13 - 1.28) < 0.001 1.22 (1.12 - 1.33) < 0.001 1.25 (1.15 - 1.36) < 0.001

     Peripheral vascular disease 1.18 (1.06 - 1.32) 0.003 1.1 (0.94 - 1.3) 0.238 1.13 (0.97 - 1.33) 0.119 1.19 (1.12 - 1.26) < 0.001 1.2 (1.1 - 1.3) < 0.001 1.18 (1.09 - 1.29) < 0.001

     Rheumatologic disease 0.93 (0.85 - 1.02) 0.143 0.86 (0.75 - 0.99) 0.033 0.9 (0.79 - 1.03) 0.135 1 (0.95 - 1.06) 0.952 0.99 (0.91 - 1.08) 0.839 1.01 (0.93 - 1.09) 0.860

Patients with Preexisting Rare Disease Patients without Preexisting Rare Disease

Life-threatening condition

Yes: 13,443

No: 720,198

Vaccination vs Control Antiviral treatment vs Control

Life-threatening condition

Yes: 2,942 

No: 46,793

Life-threatening condition

Yes: 1,439

No: 24,707

Life-threatening condition

Yes: 3,269 

No: 62,752

Life-threatening condition

Yes: 12,068

No: 566,109

Life-threatening condition

Yes:6,568 

No: 315,387

Vaccination + antiviral  treatment vs Control Vaccination vs Control Antiviral treatment vs Control Vaccination + antiviral  treatment vs Control

Table 3: Impact of vaccination and antiviral treatment exposures on life-threatening disease in patients with and without 

preexising RDs (multivariate logistic regression models are adjusted for demographics and comorbidities). 
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Table 4: Impact of vaccination and antiviral treatment exposures on long-COVID in patients with and without preexising RDs 

(multivariate logistic regression models are adjusted for demographics and comorbidities). 

 

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

COVID-19 prevention/intervention

    Control 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

    Vaccination status 1.09 (1.02 - 1.16) 0.006 0.95 (0.93 - 0.98) < 0.001

    Antiviral treatment 1.01 (0.89 - 1.14) 0.93                               0.9 (0.86 - 0.95) < 0.001

    Vaccination & Antiviral 0.88 (0.81 - 0.96) 0.002 0.84 (0.81 - 0.87) < 0.001

Demographic

    Age 

           Age (20-40) 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

           Age (1-20) 0.11 (0.07 - 0.17) < 0.001 0.14 (0.09 - 0.21) < 0.001 0.13 (0.08 - 0.2) < 0.001 0.19 (0.17 - 0.21) < 0.001 0.17 (0.15 - 0.2) < 0.001 0.18 (0.15 - 0.21) < 0.001

           Age (40-65) 1.53 (1.4 - 1.68) < 0.001 1.82 (1.6 - 2.07) < 0.001 1.63 (1.44 - 1.83) < 0.001 1.94 (1.87 - 2.01) < 0.001 2.07 (1.97 - 2.17) < 0.001 1.89 (1.81 - 1.98) < 0.001

           Age (>65) 1.44 (1.29 - 1.6) < 0.001 1.69 (1.45 - 1.96) < 0.001 1.49 (1.29 - 1.71) < 0.001 1.82 (1.74 - 1.91) < 0.001 1.92 (1.81 - 2.04) < 0.001 1.84 (1.73 - 1.95) < 0.001

     BMI 

          Normal 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

          Obese 1.21 (1.1 - 1.34) < 0.001 1.3 (1.14 - 1.5) < 0.001 1.22 (1.07 - 1.38) 0.002 1.24 (1.19 - 1.29) < 0.001 1.22 (1.15 - 1.28) < 0.001 1.24 (1.18 - 1.31) < 0.001

          Over weight 1.05 (0.95 - 1.17) 0.335 1.07 (0.92 - 1.25) 0.388 0.99 (0.86 - 1.14) 0.875 1.05 (1 - 1.09) 0.053 1.02 (0.96 - 1.08) 0.617 1.03 (0.98 - 1.09) 0.265

          Under weight 0.81 (0.55 - 1.18) 0.272 0.71 (0.47 - 1.07) 0.097 0.69 (0.45 - 1.05) 0.085 0.61 (0.51 - 0.72) < 0.001 0.48 (0.39 - 0.59) < 0.001 0.57 (0.46 - 0.71) < 0.001

     Sex

           Female 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

           Male 0.81 (0.76 - 0.87) < 0.001 0.83 (0.75 - 0.91) < 0.001 0.79 (0.73 - 0.86) < 0.001 0.74 (0.72 - 0.76) < 0.001 0.76 (0.73 - 0.79) < 0.001 0.76 (0.74 - 0.79) < 0.001

     Race

          White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

          Asian 0.72 (0.59 - 0.87) < 0.001 0.66 (0.49 - 0.89) 0.006 0.64 (0.49 - 0.84) 0.001 0.69 (0.64 - 0.75) < 0.001 0.68 (0.61 - 0.75) < 0.001 0.7 (0.63 - 0.77) < 0.001

          Black or African American 0.95 (0.88 - 1.04) 0.284 0.93 (0.82 - 1.06) 0.279 0.98 (0.88 - 1.1) 0.751 0.9 (0.87 - 0.93) < 0.001 0.91 (0.87 - 0.96) 0.001 0.9 (0.86 - 0.94) < 0.001

          Missing/Unknown/Other 0.91 (0.8 - 1.03) 0.142 0.94 (0.78 - 1.12) 0.461 0.97 (0.82 - 1.14) 0.676 0.95 (0.91 - 1) 0.035 0.9 (0.84 - 0.96) 0.002 0.93 (0.87 - 0.99) 0.016

     Ethinicity

          Not hispanic or Latino 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

          Hispanic or Latino 0.97 (0.85 - 1.11) 0.670 1.13 (0.93 - 1.37) 0.211 0.88 (0.73 - 1.06) 0.174 0.8 (0.76 - 0.84) < 0.001 0.89 (0.83 - 0.96) 0.001 0.88 (0.83 - 0.94) < 0.001

          Missing/Unknown 0.7 (0.55 - 0.9) 0.006 0.66 (0.45 - 0.95) 0.025 0.76 (0.54 - 1.05) 0.100 0.79 (0.73 - 0.86) < 0.001 0.85 (0.75 - 0.95) 0.005 0.86 (0.77 - 0.95) 0.003

     Smoking status

          Non-smoker 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

          Current or former smoker 1.21 (1.12 - 1.3) < 0.001 0.97 (0.87 - 1.1) 0.672 1.07 (0.97 - 1.19) 0.158 1.14 (1.1 - 1.17) < 0.001 1 (0.95 - 1.04) 0.849 1.07 (1.03 - 1.12) 0.001

Comorbidities

     Cancer 1.09 (1.02 - 1.17) 0.011 1.13 (1.03 - 1.26) 0.014 1.1 (1 - 1.2) 0.047 1.16 (1.12 - 1.21) < 0.001 1.15 (1.09 - 1.21) < 0.001 1.12 (1.06 - 1.17) < 0.001

     Cardiomyophaties 0.97 (0.86 - 1.09) 0.559 1 (0.85 - 1.19) 0.970 1.02 (0.88 - 1.19) 0.778 0.98 (0.92 - 1.05) 0.573 0.97 (0.88 - 1.06) 0.471 1 (0.92 - 1.09) 0.958

     Cerebro vascular disease 1.01 (0.92 - 1.1) 0.887 1 (0.87 - 1.14) 0.967 1.02 (0.9 - 1.14) 0.778 1.04 (0.99 - 1.09) 0.108 1.02 (0.95 - 1.1) 0.532 1.04 (0.98 - 1.11) 0.179

     Chronic lung disease 2.04 (1.92 - 2.18) < 0.001 2.07 (1.88 - 2.27) < 0.001 2.1 (1.93 - 2.29) < 0.001 2.24 (2.18 - 2.31) < 0.001 2.25 (2.16 - 2.34) < 0.001 2.26 (2.18 - 2.34) < 0.001

     Coronary artery disease 1.09 (0.99 - 1.19) 0.070 1.06 (0.93 - 1.21) 0.383 1.1 (0.98 - 1.23) 0.110 1.1 (1.05 - 1.15) < 0.001 1.03 (0.97 - 1.1) 0.318 1.07 (1.01 - 1.13) 0.027

     Dementia before 0.75 (0.65 - 0.87) < 0.001 0.75 (0.61 - 0.93) 0.009 0.69 (0.57 - 0.84) < 0.001 0.89 (0.83 - 0.96) 0.003 0.94 (0.85 - 1.04) 0.255 0.93 (0.85 - 1.02) 0.114

     Depression 1.32 (1.24 - 1.41) < 0.001 1.3 (1.18 - 1.43) < 0.001 1.3 (1.2 - 1.41) < 0.001 1.49 (1.45 - 1.53) < 0.001 1.44 (1.39 - 1.5) < 0.001 1.47 (1.41 - 1.52) < 0.001

     Diabetes 0.93 (0.87 - 1) 0.057 0.97 (0.87 - 1.08) 0.606 0.96 (0.87 - 1.05) 0.389 1.03 (1 - 1.06) 0.095 1.06 (1.01 - 1.11) 0.017 1.03 (0.99 - 1.07) 0.207

     Heart failure 1.16 (1.06 - 1.28) 0.002 1.26 (1.09 - 1.44) 0.001 1.25 (1.11 - 1.41) < 0.001 1.32 (1.25 - 1.39) < 0.001 1.28 (1.2 - 1.38) < 0.001 1.23 (1.16 - 1.32) < 0.001

     HIV infection 0.78 (0.6 - 1.01) 0.061 0.92 (0.64 - 1.31) 0.636 0.92 (0.67 - 1.28) 0.627 0.92 (0.79 - 1.06) 0.242 1.05 (0.86 - 1.29) 0.648 1.07 (0.89 - 1.28) 0.480

     Hypertension 1.12 (1.04 - 1.21) 0.005 1.05 (0.94 - 1.17) 0.425 1.08 (0.98 - 1.19) 0.145 1.26 (1.22 - 1.3) < 0.001 1.26 (1.21 - 1.32) < 0.001 1.19 (1.15 - 1.24) < 0.001

     Kidney disease 1.09 (1.01 - 1.17) 0.029 1.02 (0.91 - 1.15) 0.685 1.01 (0.92 - 1.12) 0.793 1.13 (1.09 - 1.17) < 0.001 1.07 (1.01 - 1.13) 0.016 1.09 (1.03 - 1.14) 0.001

     Liver disease 1.17 (1.08 - 1.26) < 0.001 1.11 (1 - 1.24) 0.057 1.1 (1 - 1.21) 0.060 1.15 (1.11 - 1.2) < 0.001 1.15 (1.08 - 1.21) < 0.001 1.14 (1.08 - 1.2) < 0.001

     Myocardial infraction 0.97 (0.88 - 1.08) 0.611 0.9 (0.77 - 1.04) 0.160 1.01 (0.88 - 1.16) 0.888 1.01 (0.96 - 1.07) 0.618 1.03 (0.96 - 1.11) 0.420 1.03 (0.96 - 1.1) 0.421

     Peripheral vascular disease 1 (0.91 - 1.1) 0.977 0.99 (0.85 - 1.14) 0.862 0.97 (0.86 - 1.11) 0.687 1.07 (1.02 - 1.13) 0.008 1.05 (0.97 - 1.12) 0.225 1.05 (0.98 - 1.12) 0.173

     Rheumatologic disease 1.23 (1.15 - 1.32) < 0.001 1.22 (1.1 - 1.35) < 0.001 1.28 (1.17 - 1.4) < 0.001 1.28 (1.23 - 1.34) < 0.001 1.27 (1.19 - 1.34) < 0.001 1.28 (1.22 - 1.35) < 0.001

Long COVID

Yes: 19,761 

No: 321,932

Long COVID

Yes: 3.376 

No:  27,187

Long COVID

Yes:2,507 

No: 20,466

Long COVID

Yes: 5,519  

No: 38,634

Long COVID

Yes:30,073 

  No: 475,444

Long COVID

Yes: 15,285 

No: 260,304

Vaccination + antiviral  treatment vs Control

Patients with Preexisting Rare Disease Patients without Preexisting Rare Disease

Vaccination vs Control Antiviral treatment vs Control Vaccination + antiviral  treatment vs Control Vaccination vs Control Antiviral treatment vs Control

for use under a CC0 license. 
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available 

(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 
The copyright holder for this preprintthis version posted July 10, 2025. ; https://doi.org/10.1101/2025.07.09.25331138doi: medRxiv preprint 

https://doi.org/10.1101/2025.07.09.25331138


Table 5: Impact of vaccination on COVID-19 reinfection in patients with and without preexisting RDs (multivariate logistic 

regression models adjusted for demographics and comorbidities). 

 

 

 

 

 

 

OR (95% CI) P value OR (95% CI) P value

COVID-19 prevention/intervention

    Control 1 [Reference] 1 [Reference]

    Vaccination status 0.81 (0.75 - 0.86) < 0.001 0.75 (0.73 - 0.76) < 0.001

Demographic

    Age 

           Age (20-40) 1 [Reference] 1 [Reference]

           Age (1-20) 0.81 (0.7 - 0.95) 0.008 0.86 (0.83 - 0.89) < 0.001

           Age (40-65) 0.82 (0.75 - 0.89) < 0.001 0.81 (0.79 - 0.83) < 0.001

           Age (>65) 0.67 (0.6 - 0.75) < 0.001 0.65 (0.62 - 0.67) < 0.001

     BMI 

          Normal 1 [Reference] 1 [Reference]

          Obese 1.04 (0.94 - 1.15) 0.427 1.23 (1.19 - 1.27) < 0.001

          Over weight 0.97 (0.86 - 1.08) 0.541 1.09 (1.05 - 1.13) < 0.001

          Under weight 0.88 (0.7 - 1.09) 0.237 0.89 (0.84 - 0.95) < 0.001

     Sex

           Female 1 [Reference] 1 [Reference]

           Male 0.91 (0.85 - 0.98) 0.012 0.86 (0.84 - 0.88) < 0.001

     Race

          White 1 [Reference] 1 [Reference]

          Asian 0.93 (0.74 - 1.17) 0.530 0.91 (0.85 - 0.96) 0.002

          Black or African American 1.11 (1.01 - 1.21) 0.026 1.16 (1.13 - 1.2) < 0.001

          Missing/Unknown/Other 1.01 (0.89 - 1.15) 0.865 1.06 (1.02 - 1.1) 0.001

     Ethinicity

          Not hispanic or Latino 1 [Reference] 1 [Reference]

          Hispanic or Latino 0.99 (0.86 - 1.14) 0.895 1.03 (1 - 1.07) 0.054

          Missing/Unknown 0.64 (0.49 - 0.85) 0.002 0.69 (0.65 - 0.74) < 0.001

     Smoking status

          Non-smoker 1 [Reference] 1 [Reference]

          Current or former smoker 0.85 (0.77 - 0.93) < 0.001 0.84 (0.82 - 0.87) < 0.001

Comorbidities

     Cancer 1.3 (1.2 - 1.4) < 0.001 1.05 (1.01 - 1.09) 0.016

     Cardiomyophaties 0.88 (0.76 - 1.01) 0.071 1.02 (0.95 - 1.1) 0.593

     Cerebro vascular disease 1 (0.9 - 1.11) 0.981 1.07 (1.01 - 1.13) 0.019

     Chronic lung disease 1.18 (1.1 - 1.27) < 0.001 1.16 (1.13 - 1.19) < 0.001

     Coronary artery disease 1.13 (1.01 - 1.25) 0.030 1.09 (1.04 - 1.15) < 0.001

     Dementia before 1.25 (1.07 - 1.45) 0.005 1.12 (1.03 - 1.2) 0.005

     Depression 1.04 (0.97 - 1.12) 0.262 1.07 (1.05 - 1.1) < 0.001

     Diabetes 1.02 (0.94 - 1.11) 0.669 1.01 (0.98 - 1.05) 0.434

     Heart failure 1.13 (1.01 - 1.27) 0.035 1.11 (1.04 - 1.17) 0.001

     HIV infection 0.98 (0.76 - 1.28) 0.891 0.85 (0.74 - 0.98) 0.024

     Hypertension 1.06 (0.97 - 1.15) 0.215 1.02 (0.99 - 1.05) 0.207

     Kidney disease 1.1 (1 - 1.2) 0.040 1.12 (1.07 - 1.16) < 0.001

     Liver disease 1.19 (1.09 - 1.3) < 0.001 1.11 (1.07 - 1.16) < 0.001

     Myocardial infraction 1.04 (0.92 - 1.18) 0.484 1.11 (1.04 - 1.18) 0.001

     Peripheral vascular disease 0.94 (0.83 - 1.06) 0.312 1.09 (1.03 - 1.15) 0.004

     Rheumatologic disease 1.09 (1.01 - 1.19) 0.036 1.11 (1.06 - 1.16) < 0.001

COVID Reinfection

Yes: 4,066  

No: 60,062

COVID Reinfection

Yes: 40,466 

No: 764,387

Patients with Preexisting Rare Disease Patients without Preexisting Rare Disease
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