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Abstract

Background: With morethan 103 million casesand 1.1 million deaths, the COV1D-19 pandemic has had devastating consequences
for the health system and the well-being of the entire US population. The Rare Diseases Clinical Research Network funded by
theNational I nstitutes of Health was strategically positioned to study theimpact of the pandemic on thelarge, vulnerable population
of people living with rare diseases (RDs).

Objective: This study was designed to describe the characteristics of COVID-19 in the RD population, determine whether
patient subgroups experienced increased occurrence or severity of infection and whether the pandemic changed RD symptoms
and treatment, and understand the broader impact on respondents and their families.

Methods: US residents who had an RD and were <90 years old completed a web-based survey investigating self-reported
COVID-19 infection, pandemic-related changesin RD symptoms and medications, access to care, and psychological impact on
self and family. We estimated the incidence of self-reported COVID-19 and compared it with that in the US popul ation; eval uated
the frequency of COVID-19 symptoms according to self-reported infection; assessed infection duration, complications and need
for hospitalization; assessed theinfluence of the COV1D-19 pandemic on RD symptoms and treatment, and whether the pandemic
influenced access to care, special food and nutrition, or demand for professional psychological assistance.

Results. Between May 2, 2020, and December 15, 2020, in total, 3413 individuals completed the survey. Most were female
(2212/3413, 64.81%), White (3038/3413, 89.01%), and aged =25 years (2646/3413, 77.53%). Overall, 80.6% (2751/3413) did
not acquire COVID-19, 2.08% (71/3413) acquired it, and 16.58% (566/3413) did not know. Self-reported cases represented an
annual incidence rate of 2.2% (95% CI 1.7%-2.8%). COVID-19 cases were more than twice the expected (71 vs 30.3; P<.001).
COVID-19 was associated with specific symptoms (loss of taste: oddsratio [OR] 38.9, 95% Cl 22.4-67.6, loss of smell: OR 30.6,
95% Cl 17.7-53.1) and multiple symptoms (>9 symptomsvs none: OR 82.5, 95% Cl 29-234 and 5-9: OR 44.8, 95% CI 18.7-107).
Median symptom duration was 16 (1QR 9-30) days. Hospitdization (7/71, 10%) and ventilator support (4/71, 6%) were uncommon.
Respondents who acquired COV1D-19 reported increased occurrence and severity of RD symptoms and use or dosage of select

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Health Surveill 2024 | vol. 10 | e48430 | p. 1
(page number not for citation purposes)


mailto:maurizio.macaluso@cchmc.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Macaluso et a
medications; those who did not acquire COVID-19 reported decreased occurrence and severity of RD symptoms and use of
medications; those who did not know had an intermediate pattern. The pandemic madeit difficult to access care, receive treatment,
get hospitalized, and caused mood changes for respondents and their families.

Conclusions:  Self-reported COVID-19 was more frequent than expected and was associated with increased prevalence and
severity of RD symptoms and greater use of medications. The pandemic negatively affected access to care and caused mood

changes in the respondents and family members. Continued surveillance is necessary.

(JMIR Public Health Surveill 2024;10:e48430) doi: 10.2196/48430
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Introduction

Background

The COVID-19 pandemic, caused by the SARS-CoV-2, emerged
in the fall of 2019 in Wuhan, China, and rapidly spread
throughout the world. In March 2020, the World Health
Organization (WHO) declared the outbreak to be a pandemic,
and as of August 30, 2023, the WHO hasreported >770 million
confirmed cases and >6.9 million confirmed desths attributable
tothedisease[1,2]. More than 103 million casesand 1.1 million
deathsfrom COVID-19 have occurred in the United States[1,3],
with devastating consequences for the health system [4,5] and
the well-being of the entire population [6].

The Journal of Medical Internet Research and affiliated IMIR
publications, including JMIR Public Health and Surveillance,
have extensively documented the global impact of the
COVID-19 pandemic; atotal of 99 articles have reported the
results of web-based surveys and analyses of internet browsing
patterns and social media postings (search terms* Rare disease”
and “COVID-19,” run on July 7, 2023). For example, during
the early months of the pandemic, an artificial intelligence—based
analysis of >902,000 tweets was used to identify sentiments
regarding COVID-19 in the United States [7], and large-scale
web-based surveyswere conducted in China[8,9], South Korea
[10], Russia [11], and Spain [12]. Several surveys have
documented a negative impact on anxiety and depression,
self-reported well-being, and quality of life in the general
population [11-16] and in vulnerable groups such as pregnant
women [17-19], university students [20-22], older people
[23,24], and health care workers [25,26].

Degspite the extensive JMIR literature on the impact of the
pandemic, only asingle study described the experience of people
living with rare diseases (RDs), which documented the impact
of the pandemic on conversation patternsin the Reddit platform
(subreddit r/CysticFibrosis) [27]. Indeed, the literature on the
impact of the pandemic on people living with RDs is sparse
even 3yearsinto the pandemic. A PubMed search (search terms
“Raredisease” and“COVID-19,” runon July 6, 2023) identified
148 potential matches, but review of the abstractsindicated that
most publications were case reports, discussion papers, or other
reportsthat do not entail data collection from people living with
RDs: only 25 articles reported results of cross-sectional surveys
or longitudinal studies of patients with RD or their caregivers
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[28-52]. Large studies (=50 participants) in Asia [29,37,40],
Europe and the United Kingdom [30,33,36,41,49,51], the United
States [45,52], and Brazil [43] reported variable impact of the
pandemic, including increased risk of acquiring COVID-19
[33,37,39], increased COVID-19—elated mortality [33,37],
increased anxiety and depression and other psychological
problems [29,30,36,41,51,52], low quality of life [41,51],
difficultieswith accessto care[36,40,43,45,52], and difficulties
complying with public health recommendations such asmasking
[49].

According to USlaws, an RD isdefined as a condition affecting
<200,000 individuals at a given time [53,54]. The Genetic and
Rare Disease information system of the National Center for
Advancing Trandlational Sciences lists >10,000 RDs [55,56].
Although each condition is rare, the aggregate prevalence may
amount to 30 million [55]. RDs are often difficult to diagnose
[57,58], most often lack specific treatments [59], and place a
significant burden on families and society [60]. Some people
with RDs have primary respiratory manifestations [61],
immunocompromised states [62], and chronic comorbidities
including intellectual disabilities [63]. People with RDs report
alower quality of lifethan the general population [64]; they are
vulnerable and dependent on the health care system [65].

The Rare Diseases Clinical Research Network (RDCRN) is
funded by 10 of the Nationa Institutes of Health (NIH) to
promote progress in the diagnosis and treatment of RDs. The
RDCRN comprises 20 Rare Disease Clinical Research Consortia
and aDataManagement and Coordinating Center, >200 research
sitesworldwide, and many patient advocacy groupsthat ensure
that patients’ voices are heard. The RDCRN has been active for
2 decades, and >40,000 people have participated in its studies
[66].

Objectives

The RDCRN was strategically well placed to study the impact
of the pandemic among people living with RDs in the United
States. We designed a cross-sectional survey to describe the
characteristics of the COVID-19 infection in this population,
to determine whether patient subgroups were affected more
frequently or experienced increased severity, to determine
whether the pandemic changed RD symptom and treatment
patterns, and to understand the broader impact of the pandemic
on people living with an RD and their families.
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Methods

Overview

We designed a cross-sectional survey to describe the
characteristics of the COVID-19 infection in the population
with RD. People who lived in the United States, had an RD,
and were aged <90 years (including children of any age) were
eligiblefor the survey. Therewere no explicit exclusion criteria
beyond failure to meet the eligibility criteria. The survey was
advertised through the internet, social media, an NIH press
release, and outreach by patient advocacy groups. Interested
individuals were asked to access a dedicated web page and
complete a REDCap (Research Electronic Data Capture;
Vanderbilt University [67]) survey instrument on the web
(Multimedia Appendix 1).

The data collection instrument was designed ad hoc by the
authorsin spring 2020, with contributionsfrom all the principal
investigators of the RDCRN consortia (included as a group
author as “The Principa Investigators of the Rare Diseases
Clinical Research Network - Cycle4” refer to the collaborators
list), based on their expert knowledge of RDs. The instrument
comprises 8 sections:

«  Section 1 includes eligibility and preliminary information
criteria on whether the patient or a surrogate is interested
in participating, whether the target respondent livesin the
United States and has an RD, and whether the respondent
has participated in RDCRN research;

«  Section 2 explains the study and asks for consent offering
three options: (1) respond to the survey, provide contact
information, and alow contact for follow-up and
opportunities for participating in RD research; (2) allow
linkage of the survey results with data about the same
individual provided as part of RDCRN studies; and (3)
respond to the survey without any identifiers (one-time,
anonymous response);

«  Section 3 isrestricted to individuals who agree to provide
identifiers and includes name, date of birth, address,
telephone number, and email address to alow future
contacts;

« Section 4 includes sociodemographic variables (state of
residence, age, sex, race and ethnicity), RD diagnosis
including symptoms and comorbidities during the months
preceding the COVID-19 epidemic in the United States,
treatments received during the same period, smoking habits,
and use of tetrahydrocannabinol-containing products and
psychoactive drugs. It also includes questions about
COVID-19-related symptomsthat the respondent may have
experienced before the beginning of the pandemic and any
changesin RD symptoms and treatment experienced after
the beginning of the pandemic in the United States (March
2020);

«  Section 5 ascertains whether the respondent had a positive
COVID-19 test or a clinica diagnosis of COVID-19
respiratory syndrome; and

«  Sections6 to 8 separately address respondents who did not
acquire COVID-19 (section 6), acquired it (section 7), or
did not know (section 8).
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All these sections include a checklist of symptoms compatible
with COVID-19; ask whether the pandemic interfered with
access to medical care, RD treatment, and specia food related
to RD management; whether stay-at-home orders affected their
mood or behavior; and whether the respondent or family
members had to seek professional help to cope with stress and
anxiety. A final question asks if the target respondent died
during the interval leading to the survey. In addition to the
abovementioned common questions, section 7 asks additional
guestions about the course of the COVID-19 infection, the need
for hospitalization and special treatment (assisted ventilation),
the duration of theillness, and whether the respondent received
investigational drugsto treat COVID-19.

Study Size Considerations

We aimed at enrolling 5000 participants based on a precision
analysis, rather than a power analysis, because the survey was
not designed to test specific hypotheses. At thetime of planning
the survey, the WHO estimates suggested that the prevalence
of COVID-19 infection may be between 1% and 2%. Thus, if
the patients with RD experienced the same risk as the general
population, the target sample size would provide information
on approximately 50-100 COVID-19 cases. As the 95% CI of
50 observed eventswas 37-66 based on the Poisson distribution,
our estimate of the overall prevalence of COVID-19 infection
among respondents would be very precise. The precision of
survey measures of more common characteristics and
experiences among respondents (eg, changes in access to
treatment) would be much higher. Furthermore, given asample
size of 50 cases, the 95% Cl of asimple mean would be between
+0.25 and —0.25 SD units from the mean, affording adequate
precision of measures such as the average duration of
hospitalization, and estimates of rates for any categorization of
the case group into 5-10 subgroups would also yield adequate
precision in describing the variation in risk across population
subgroups.

Ethical Considerations

As the survey was conducted on the web, the REDCap survey
instrument verified the eligibility of a prospective participant,
provided an explanation of the objectives and process of data
collection, verified consent, and gathered the required
information. First, the instrument assessed the eligibility of the
intended participant (ie, the person wasliving with an RD, was
living in the United States, and was aged <90 years),
automatically terminating data collection from ineligible
individuals, ascertained whether the intended participant or a
surrogate would be completing the survey; and ascertained
whether the potential participant had participated in the RDCRN
research. Next, it provided a comprehensive explanation of the
study objectives and process and asked whether (1) the
participant agreed to respond to the survey, provide contact
information, and allow future contact for follow-up interviews
and opportunitiesto participate in RD research; (2) if agreeing
to (1), the participant further agreed to alow linkage of the
survey results with data about the same individual provided as
part of the RDCRN studies; or (3) the participant agreed to
respond to the survey without any identifiers (1-time,
anonymous response). The explanatory language clarified that
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no adverse events were expected except for a possible breach
of confidentiality for participants who agreed to provide
identifiable information and that the study team intended to
minimize the risk of a confidentiality breach by keeping
identifiers and survey responses in separate files and by
presenting the study results in a format that would not allow
the reidentification of individual patients with RD. No
compensation was offered for participating in this study. The
ingtitutional review board (IRB) at Cincinnati Children’'s
Hospital Medical Center reviewed and approved the research
protocol, all recruitment materials, and the survey instrument,
including the language explaining the survey and asking for
consent. The IRB granted a waiver of documentation of
informed consent (IRB ID 2020-0299).

Data Analysis

In this report, we aimed to address the following outstanding
questionsin the field:

1. How frequent was the self-reported laboratory or clinical
diagnosis of COVID-19 among people living with RDs?
Did this differ from the expectation based on population
rates?

2. How frequent were COVID-19-related symptoms according
to self-reported COVID-19 status?

3. What were the characteristics of COVID-19 infection
(duration of theinfection, need for hospital admission, and
complications of the infection among COVID-19 cases)?

4. Did COVID-19 status influence changes in the frequency
and intensity of RD-related symptomsand in the frequency
of RD-related treatment?

5. Didthe COVID-19 epidemic change accessto care, access
to specia food and nutrition, demand for professional
assistance to address stress and coping among people who
live with RD, and was the impact affected by COVID-19
status?

We used simple descriptive statistics (frequencies and
percentagesfor count variables and means, medians, and ranges
for continuous variables) and provided 95% Cls as a measure
of the precision of the estimates for survey results. Statistical
hypothesis testing was used for select analyses.

To identify participants who acquired COVID-19, we used the
answer to the simple survey question, “Did you acquire
COVID-197" which alowed the answers yes, no, or do not
know (Multimedia Appendix 1, survey item 5.1). The 3-category
answer was a pragmatic approach to identifying cases of
infection because at the time we conducted the survey, access
to laboratory tests remained limited.

We estimated the denominator at risk of infection considering
each respondent at risk every day from the beginning of the
pandemic to the day they reported acquiring COVID-19 (the
outcome event) or the day they filled out the survey, whichever
was earlier, as is done in retrospective cohort studies. We
computed exact 95% Cls for the number of cases and the
corresponding incidence rate under the assumption that the
number of casesfollows the Poisson distribution. We compared
the monthly number of self-reported COVID-19 cases with the
number expected based on data reported by the New York Times
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[68], computed by multiplying the national monthly infection
rate by the number of respondentswho were at risk of acquiring
a COVID-19 infection during that month. The cases reported
in the New York Times database are a mix of
laboratory-confirmed cases and cases meeting the
state-determined diagnostic criteria. We present the observed
and expected cases in a graph and test the null hypothesis that
the number of observed cases equals the expected value using
an exact Poisson distribution method.

For al respondents before the beginning of the pandemic
(Multimedia Appendix 1, survey instrument item 4.9) and in
separate sections for the respondents who answered yes, no, or
do not know to the question “Did you acquire COVID-197
(Multimedia Appendix 1, survey instrument items 6.1, 7.3, and
8.3), the instrument asked the question, “Did you have
symptoms related to COVID-19? (answer options. Yes/No),”
offering a checklist of 20 symptoms (new or increased cough,
fever >38.0 °C, new or increased shortness of bresth, sorethroat,
stuffy nose, runny nose, chest pain, sneezing, wheezing,
headache, muscle aches, loss of taste, loss of smell,
conjunctivitis or pink eye, confusion, seizures, weakness, and
other).

For 65 RD-related symptoms grouped into 18 categories, the
instrument asked the questions “ Please check if you had any of
thefollowing symptoms before the COV I D-19 pandemic began
in the USA. Think about your symptoms in January-February
2020. Check all that apply” (answer options: yes or no) and
“Did anything change after the beginning of the pandemic
(March 2020)7" (If the previous answer was “No,” answer
options: yes or no; if the previous answer was “Yes,” answer
options: symptom absent, less severe, same severity, or more
severe; Multimedia Appendix 1, survey instrument item 4.6).

For 91 medications and treatments grouped into 15 categories,
the instrument asked the questions “Please check if you used
any of the treatments before the COV1D-19 pandemic beganin
the USA. Think about the medications you took or treatments
you routinely received in January-February 2020. Check all that
apply” (answer options: yes or no) and “Did anything change
after the beginning of the pandemic (March 2020)?" (If the
previous answer was “No,” answer options: yes or no; if the
previousanswer was*“ Yes,” answer options: trestment not used,
lower dosage, same dosage, or higher dosage; Multimedia
Appendix 1, survey instrument item 4.7).

We computed odds ratios (ORs) and their 95% Clsto illustrate
the strength of the association between self-reported infection
and specific COVID-19—related symptoms aswel| asthe number
of symptoms.

To assess changes in the prevalence or intensity of a specific
COVID-19 symptom, we compared the number of patientswho
reported the symptom appearing during the pandemic (ie, the
symptom was absent before the beginning of the pandemic but
was present afterward) with the number of patientswho reported
the symptom disappearing (ie, the symptom was present before
the beginning of the pandemic but was not present afterward)
and used an exact binomial test of the null hypothesis that the
2 counts were equal (ie, the parameter of the binomial
distribution was 0.5).
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To assess changes in the prevalence and intensity of a specific
RD symptom, we compared the number of patientswho reported
the symptom appearing or increasing in intensity during the
pandemic with the number of patientswho reported the symptom
disappearing or decreasing in intensity and used the exact
binomial test of the null hypothesisthat the 2 counts were equal.
We used the samelogic and statistical test to assessthe changes
in the prevalence of the use or dosage of a specific medication.
We used heat maps to summarize the changes in
COVID-19-associated symptoms, RD symptoms, and RD
treatment before and after the beginning of the pandemic.

Theinstrument asked the question, “ Do you have other diseases
or complications related to the rare disease? Check all that
apply,” offering alist of 26 comorbidity categories (Multimedia
Appendix 1, survey instrument item 4.8).

We computed ORs and their 95% Clsto illustrate the strength
of the association between self-reported infection and specific
comorbidities, reporting the exact P value for the test of the null
hypothesis of no association (ie, OR=1). We regarded afinding
as statigtically significant if the statistical testing of a specified
null hypothesisyielded a P value <.05.

Results

Enrollment of participantsfor this study began on May 2, 2020,
and ended on December 15, 2020; atotal of 3413 respondents
completed the survey. Most of the surveys (2643/3413, 77.44%)
were completed between May and July (Figure S1in Multimedia
Appendix 1). Respondents approximately represented the
geographic distribution of the US population (Table S1 in
Multimedia Appendix 1): 25.76% (870/3377) were from the
Midwest (21% expected) [69], 18.86% (637/3377) from the
Northeast (18% expected), 33.43% (1129/3377) from the South
(38% expected), and 21.94% (741/3377) from the West (24%
expected). The diagnoses studied by the RDCRN accounted for
61.27% (2091/3413); and the most common diagnoses were
myasthenia gravis (594/2091, 28.41%), amyotrophic lateral
sclerosis (289/2091, 13.82%), eosinophilic esophagitis or
eosinophilic gastrointestinal disease below the esophagus
(203/2091, 9.71%), mitochondrial disease (174/2091, 8.32%),
cystic fibrosis (87/2091, 4.16%), and primary ciliary dyskinesia
(67/2091, 3.2%).

Two-thirds (2212/3413, 64.81%) of the respondents were
female. Only 1.93% (66/3413) of the respondentsreported being
exclusively Black, 6.36% (217/3413) of the respondents reported
other races or >1 race, and 89.01% (3038/3413) of the
respondents were White (Table S2 in Multimedia Appendix 1).
Approximately 5% (156/3413, 4.57%) reported Hispanic or
Latino ethnicity, whereas most (2844/3413, 83.33%) of the
respondents did not report ethnicity. Most of the respondents
(2646/3413, 77.53%) were adults aged =25 years (Table S2 in
Multimedia Appendix 1). The distribution by sex, race and
ethnicity, and age was similar across disease categories, with
the exception that most male respondents with eosinophilic
esophagea or gastrointestinal diseases were aged <25 years.
More detailed information on the demographic characteristics
of the respondents by RD category is provided in Table S3in
Multimedia Appendix 1.
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Overall, 80.6% (2751/3413) of the respondents reported that
they had not acquired the COVID-19 infection, 2.08% (71/3413)
of the respondents reported having acquired it, and 16.58%
(566/3413) of the respondents did not know. Of the 71
respondents who reported acquiring the infection, 51 (72%)
reported having a positive laboratory test. By contrast, only
15.2% (86/566) of the respondents who did not know reported
having been tested (no positive test). We estimated that the
self-reported cases represent the incidence over atotal of 3219
person-years at risk, with an average annual incidence rate of
2.2% (95% CI 1.7%-2.8%).

Self-reported COVID-19 cases were twice as many as would
be expected on the basis of the population incidence rates (71
vs30.3; P<.001) and were concentrated in March to April 2020
(37 vs 11 expected) and in October to December 2020 (15vs5
expected; Figure 1), whereas self-reported cases were only
dlightly higher than expected in May to September 2020 (19 vs
14.2).

Approximately all respondents who acquired COVID-19 had
symptoms (66/71, 93%). For 15 (83%) of the 18 symptoms,
they reported experiencing the symptom more often after the
beginning of the pandemic than before. Respondents who
reported not acquiring COVID-19 had symptoms less often
after the beginning of the pandemic than before for 16 (89%)
of the 18 symptoms. The respondents who did not know
displayed an intermediate pattern (Figure 2).

Specific COVID-19—+elated symptomswere strongly associated
with self-reported infection; loss of taste (OR 38.9, 95% Cl
22.4-67.6) or smell (OR 30.6, 95% CI 17.7-53.1), high fever
(OR 14.5, 95% ClI 8.7-24.1), and confusion (OR 12.7, 95% Cl
6.80-23.7) were the strongest correl ates of self-reported infection
(Table 1).

Reporting multiple COVID-19—elated symptomswas strongly
associated with acquiring COVID-19 (>9 symptoms vs none:
OR 82.5, 95% Cl 29-234 and 5-9 symptoms. OR 44.8, 95% ClI
18.7-107). Those who did not know were also more likely to
report COVID-19—related symptoms and multiple symptoms
than those who reported not acquiring the infection (Table 1).
Respondents who acquired COVID-19 had demographic
characteristicslike others, most of the respondentswerefemale
(53/71, 75%), non-Hispanic White (59/71, 83%), and
representative of the distribution of RD diagnoses reported by
al respondents (results not shown in detail). The survey
investigated 36 possible RD comorbidities, and 58.54%
(1998/3413) of the respondentsreported >1 comorbidities. Those
who acquired COVID-19 (OR 1.60, 95% CI 1.00-2.50) and
those who did not know (OR 1.40, 95% CI 1.20-1.70) were
more likely to report RD comorbidities than those who did not
acquire the infection. Individual associations between RD
comorbidities and self-reported COVID-19 infection were weak
(Table $4 in Multimedia Appendix 1).

Respondentswho acquired the infection reported asignificantly
increased occurrence or severity for 35% (23/65) of the
RD-related symptoms from before the beginning of the
COVID-19 pandemic to survey completion, no changefor 52%
(34/65) of the symptoms, and no significant decrease for any
symptoms. Those who did not know reported significantly
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increased occurrence or severity for 37% (24/65) of the
symptoms, no change for 51% (33/65) of the symptoms, and a
significant decrease for 8% (5/65) of the symptoms. Those who
did not acquire COV1D-19 had increased occurrence or severity
for 17% (11/65) of the symptoms, no change in 49% (32/65)
of the symptoms, and significant decreases for 31% (20/65) of
the symptoms (Figure 3).

Respondents who acquired the infection reported significantly
increased frequency or dosage for 5% (5/91) of the medications
(azithromycin, inhaled albuterol, inhaled glucocorticoids,
ibuprofen, and aspirin), whereas the frequency or dosage of
other medications did not change significantly. Those who did
not know did not have significant changesfor most medications
but had a significant decreasein frequency or dosefor 3% (3/91)
of the medications. Those who did not acquire COVID-19
reported no significant change for 51% (46/91) of the
medications and significant decreasesin use or dosage for 34%
(31/91) of the medications (Figure 4).

Among those who reported acquiring the infection, the
COVID-19illness experience was not severe; symptomslasting
on average <30 days, hospitalization (7/71, 10%), and
mechanical ventilator support (4/71, 6%) were relatively
uncommon. However, 1 respondent in thisgroup died, and many
reported that either their RD complicated the COVID-19illness
(30/71, 44%) or that the infection worsened their baseline
symptoms (39/71, 55%; Table 2).

The pandemic affected access to health care: 61% (42/69) of
the respondents who acquired COVID-19 and 75.02%
(2382/3175) of the other respondents experienced delays in

Macaluso et al

obtaining an appointment, their appointment was done using
telemedicine, or their appointment was postponed (Table 3).

In addition, accessto treatment for the RD was affected. On the
basis of nonmissing values, 25.99% (715/2751) of the
respondents who did not acquire COVID-19, 32.7% (185/566)
of the respondents who did not know, and 41% (29/71) of the
respondents who acquired COVID-19 experienced delays in
obtaining treatment or their therapies were interrupted during
the pandemic. Accessto food was uninterrupted for most of the
respondents, but as many as 26% (18/70) of those who acquired
COVID-19 had delays or an interruption in the supply of
speciaized diets (Table 3). The most pronounced disruption
wasin accessto specialized treatment such as physical or speech
therapy, with approximately 56% (32/57) of the respondents
experiencing an interruption of treatment. Respondents who
acquired COVID-19 reported more frequently (11/68, 16%)
experiencing health events that would ordinarily require
hospitalization but were managed without admission. Moreover,
about 1 (13/67, 19%) of out 5 respondents reported that
stay-at-home orders affected their mood or behavior in a way
that required medical attention, and most of the respondents
(480/2717, 17.67%to 28/71, 39%) noted that they or immediate
family members sought professional support to copewith stress
or anxiety, with the largest proportion (28/71, 39%) among
those who acquired COVID-19 (Table 3). For al but 2 items
in Table 3, thevariation in responses across the 3 groups defined
by self-reported COVID-19 status was statistically significant.
Six deaths were reported, but 5 were among the respondents
who did not acquire COVID-19.

Figure 1. Nationa survey of the impact of the COVID-19 pandemic on people with rare diseases (May 2, 2020, to December 15, 2020; N=3413).
Number of self-reported COVID-19 cases by month, compared with the numbers expected on the basis of the monthly incidence rates reported by the

New York Times for the entire US population.
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Figure2. Nationa survey of theimpact of the COVID-19 pandemic on people with rare diseases (RDs, May 2, 2020, to December 15, 2020; N=3413).
Heat map of pandemic-associated changes in the prevalence of COVID-19 symptoms. Statistical significance of item-specific changes based on an
exact binomial test of the null hypothesis that positive changes (ie, symptom appearing or increasing in intensity and medication starting or dosage
increasing during the pandemic) were equal in number to negative changes (ie, symptom disappearing or decreasing in intensity and medication
discontinued or dosage decreasing during the pandemic). Respondents are categorized according to their answer to the question “Did you acquire
COVID-197'. Blue boxesindicate statistically significant decrease; grey boxesindicate statistically non-significant change; red boxesindicate statistically
significant increase.

Other

Weakness

Seizures

Confusion

Conjunctivitis or pink eye

Loss of smell

Loss of taste

Muscle aches

Headache

Wheezing

Sneezing

Chest pain

Runny nose

Stuffy nose

Sore throat

New or increased shortness of breath
Fever more than 100.5°F (38.0°C)
New or increased cough

Did not know
Acquired COVID-19

»
o
=
o]
o
o
=
T
(&)
@©
°
[ =
°
(]

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Health Surveill 2024 | vol. 10 | e48430 | p. 7
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Macaluso et al

Table 1. National survey of the impact of COVID-19 on people with rare diseases (May 2, 2020, to December 15, 2020; N=3413). COVID-19—elated
symptoms reported by survey respondents and association with answers to the question “Did you acquire COVID-197" Those who responded “No” are

the reference group.

Acquired COVID-19 (n=71)

Did not know (n=566)

Did not acquire
COVID-19 (n=2751),
n (%)

Values, n (%) ©oR2 (95% Cl) Values, n (%) OR (95% ClI)
Specific symptom
New or increased cough 37(52) 10.7 (6.60-17.4) 201 (35.5) 5.40 (4.40-6.70) 253 (9.2)
Fever > 38.0°C 29 (41) 145(8.70-24.1) 145 (25.6) 7.20 (5.60-9.40) 125 (4.54)
New or increased shortness of breath 33 (46) 12.0(7.30-195)  151(26.7) 5.00 (4.00-6.40) 186 (6.76)
Sore throat 28(39) 6.20(3.80-10.2) 190 (33.6) 4.80 (3.90-6.00) 260 (9.45)
Stuffy nose 23(32) 2.90(1.80-4.90) 157 (27.7) 2.30(1.90-2.90) 388 (14.10)
Runny nose 18 (25) 2.20(1.30-3.80) 155 (27.4) 2.40 (2.00-3.00) 367 (13.34)
Chest pain 26 (37) 11.8(7.10-19.8)  89(15.7) 3.80(2.90-5.10) 128 (4.65)
Sneezing 6(8) 1.00(0.40-2.40) 97 (17.1) 2.30(1.80-3.00) 225 (8.18)
Wheezing 15 (21) 410(2.30-750) 98 (17.3) 3.20(2.50-4.20) 167 (6.07)
Headache 46 (65) 10.1(6.10-16.6) 222 (39.2) 3.50(2.90-4.30) 425 (15.45)
Muscle aches 41 (58) 8.00(5.00-13.0) 196 (34.6) 3.10(2.50-3.80) 400 (14.54)
Loss of taste 29 (41) 38.9(22.4-67.6) 50(8.8) 5.50 (3.60-8.20) 48 (1.74)
Loss of smell 27 (39) 30.6(17.7-53.1)  50(8.8) 4.80(3.30-7.20) 54 (1.96)
Conjunctivitis or pink eye 5(7) 7.10 (2.70-18.9) 35(6.2) 6.20 (3.70-10.2) 29 (1.05)
Confusion 15 (21) 12.7(6.80-23.7)  45(8.0) 410 (2.70-6.10) 57 (2.07)
Seizures 1(2) 0.90 (0.10-6.30)  8(1.4) 0.90 (0.40-1.80) 45 (1.64)
Weakness 33 (46) 6.30(3.90-10.2) 152 (26.9) 2.70(2.10-3.30) 333 (12.1)
Other 20 (28) 10.6 (6.10-185)  50(8.8) 2.60(1.80-3.70) 98 (3.56)
Number of symptomsreported
1-2 6(8) 4.00 (1.30-12.5) 24 (4.2) 0.40 (0.20-0.60) 435 (15.81)
34 11 (15) 11.3(4.10-30.8)  59(10.4) 1.40(1.00-1.90) 284 (10.32)
5-9 37(52) 44.8 (18.7-107) 167 (29.5) 4.80 (3.80-6.00) 241 (8.76)
>9 11 (15) 82.4(29.0-234)  61(10.8) 10.7 (7.00-16.4) 39 (1.42)
80R: odds ratio.
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Figure 3. Nationa survey of the impact of the COVID-19 pandemic on people with rare diseases (May 2, 2020, to December 15, 2020, N=3413).
Heatmap of pandemic-associated changes in the prevalence and intensity of RD-associated symptoms. Statistical significance of symptom-specific
changes based on an exact binomial test of the null hypothesis that positive changes (ie, symptom appearing or increasing in intensity during the
pandemic) were equal in number to negative changes (ie, symptom disappearing or decreasing in intensity during the pandemic). Respondents are
categorized according to their answer to the question “Did you acquire COVID-197". Blue boxes indicate statistically significant decrease; grey boxes
indicate statistically non-significant change; red boxes indicate statistically significant increase; white boxes indicate inadequate data.
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Figure 4. Nationa survey of the impact of the COVID-19 pandemic on people with rare diseases (May 2, 2020, to December 15, 2020, N=3413).
Heatmap of pandemic-associated changesin use and dosage of medications. Statistical significance of item-specific changes based on an exact binomial
test of the null hypothesis that positive changes (ie, medication starting or dosage increasing during the pandemic) were equal in number to negative
changes (ie, medication discontinued or dosage decreasing during the pandemic). Respondents are categorized according to their answer to the question
“Did you acquire COVID-197". Blue boxesindicate statistically significant decrease; grey boxesindicate statistically non-significant change; red boxes
indicate statistically significant increase; white boxes indicate inadequate data.
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Table 2. Nationa survey of the impact of COVID-19 on people with rare diseases (May 2, 2020, to December 15, 2020). Selected characteristics of
survey respondents who reported acquiring COVID-19 (n=71).

Characteristics Values

Sex: female, n (%) 53 (75)

Age (y), mean (SD; range) 44 (21; 1-82)

Race and ethnicity: White, non-Hispanic or Latino, n (%) 59 (83)

Duration of symptoms (days), median (IQR) 16 (9-30)

Symptoms persisting through the survey date, n (%) 24 (37)

Sought care at an emergency department or urgent care center, n (%) 28 (39)

Was admitted to a hospital, n (%) 7(10)

Required supplemental oxygen, n (%) 12 (17)

Required intubation and mechanical ventilation, n (%) 4 (6)

Received investigational drugs or participated in aclinica trial, n (%) 9(13)

Rare disease complicated the COVID-19 illness, n (%) 30 (44)

COVID-19 illness worsened the rare disease symptoms, n (%) 39 (55)
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Table 3. National survey of theimpact of COVID-19 on people with rare diseases (May 2, 2020, to December 15, 2020; N=3413). Responses to survey
items addressing the impact of the pandemic on survey respondents and their families, according to the answer to the question “Did you acquire

COVID-19?

Survey item and responses

Acquired COVID-19

Did not know (n=566), Did not acquire COVID-19  p yque?

(n=71), n (%) n (%) (n=2751), n (%)
Wereyou able to continue seeing your health care provider? .10
Yes, without problems 27 (39.13) 130 (23.81) 663 (25.22)
Yes, but experienced delaysin obtainingand 3 (4.35) 32 (5.86) 157 (5.97)
appointment
Yes, but my appointment was done via 25(36.23) 241 (44.14) 1214 (46.18)
telemedicine
No, appointment was put on hold 14 (20.29) 143 (26.19) 595 (22.63)
Wereyou ableto continue your treatment? <.001
Yes, without problems 39 (57.35) 352 (65.55) 1886 (72.51)
Yes, but experienced delays in obtaining 8 (11.76) 82 (15.27) 319 (12.26)
treatment
No, treatment was interrupted 21 (30.88) 103 (19.18) 396 (15.22)
Wereyou able to maintain your diet? <.001
Yes, without problems 52 (74.29) 417 (76.51) 2231 (84.48)
Yes, but experienced delays in obtaining 11 (15.71) 96 (17.61) 307 (11.62)
treatment
No, supply of needed food wasinterrupted 7 (10) 32 (5.87) 103 (3.9)
and my diet suffered from it
Wereyou able to continue specialized treatment? .07
Yes, without problems 31 (54.39) 250 (56.56) 1082 (51.3)
Yes, but experienced delays in obtaining 1(1.75) 26 (5.88) 179 (8.49)
treatment
No, treatment was interrupted 25 (43.86) 166 (37.56) 848 (40.21)

Did you experienceamedical event for which you would ordinarily be hospitalized, but because of COVID-19 you weremanaged <.001

without hospitalization?

No 52 (76.47) 468 (84.02) 2476 (92.84)
Yes 11 (16.18) 56 (10.05) 154 (5.77)
Unknown 5(7.35) 33(5.92) 37(1.39)
Have stay-at-home ordersin your area affected your mood or behavior in a way that requires medical attention? <.001
No 48 (71.64) 414 (73.53) 2193 (81.92)
Yes 13 (19.4) 122 (21.67) 399 (14.9)
Unknown 6 (8.96) 27 (4.8) 85 (3.18)

Have you or members of your family sought professional support coping with stressor anxiety because of the COVID-19 pan- <.001

demic?
No

Yes

43 (60.56)
28 (39.44)

422 (74.82) 2237 (82.33)
142 (25.18) 480 (17.67)

#Test of the null hypothesis that proportions do not vary across the 3 groups. Percentages are reported based on nonmissing values. Missing values are

not reported for readability.

Discussion

Principal Findings

This study reports results from the largest survey assessing the
impact of the COV1D-19 pandemic on people living with RDs;
>3000 individual s representing awide range of RDs participated

https://publichealth.jmir.org/2024/1/e48430

RenderX

in the study. Women, adults, and White non-Hispanic
individuals were overrepresented. Recruitment and data
collection procedures may have discouraged the participation
of minority groups, athough the causes of their
underrepresentation are probably broader. For instance, the
racial and ethnic profile of the respondents living with
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myasthenia gravis was similar to that of the participants of a
national registry [31], but it is possible that the registry also
underrepresented minority groups. Similarly, in the National
Amyotrophic Lateral Sclerosis Registry, of the estimated 25,000
prevalent cases in 2017, 64.97% (16,127/24,821) were White,
5.92% (1469/24,821) were Black. [70]. In 2012 pediatric
Medicaid records, 59.38% (2872/4836) of the patients with
eosinophilic esophagitis were White and 15.47% (748/4836)
were Black, whereas race was missing for 11.81% (571/4836)
of the patients[71]. Our survey waswidely advertised and relied
on outreach by patient advocacy groups. Participation of >1300
respondents with an RD not studied by the RDCRN suggests
that our outreach was effective in the RD community.

Underrepresentation of minority groups may be related to the
globally recognized barriers to access to RD diagnosis,
specialized care and social support [72,73], and other
determinants of lack of participationinresearch[74,75]. Spurred
by thesefindings, the RDCRN has established a cross-consortia
Diversity Committee to identify actions to support and expand
the participation and engagement of research participants, family
members, advocates, and research staff from underrepresented
or marginalized communities.

COVID-19 infection was reported by a few respondents
(71/3413, 2.08%), but the number was larger than expected.
The excess cases were concentrated in the first months of the
pandemic and at the end of the data collection period. Thus,
individuals who experienced COVID-19 early may have been
more motivated to participate in the study. Likewise, survey
advertisements in late 2020 could have motivated the
participation of patientswith an RD who were experiencing the
next surge in the epidemic in the United States. Although
selection is possible, the number of self-reported infections must
underestimate the incidence of COVID-19 in the RD
community, as underscored by the large proportion (566/3413,
16.58%) of those who did not know if they acquired the
infection. This group reported COVID-19—+elated symptoms
far more frequently than those who did not acquire COVID-19.
Given the lack of access to testing early during the pandemic,
many individuals with mild COVID-19 infection may have
never been diagnosed. An NIH serosurvey of a sample of the
US population estimated that 5 undiagnosed SARS-CoV-2
infections occurred for every COVID-19 case, and that
approximately 17 million undiagnosed infections occurred in
the United States by mid-July 2020 [76]. These findings have
been confirmed in independent assessments [77,78]. Thus,
despite the uncertainty about the true number of cases, our
results indicate that COVID-19 has had a large impact on the
RD community.

Self-reported COVID-19 was not associated with specific RD
conditions, but RD comorbiditieswere associated with increased
odds of acquiring COVID-19. Respondents who acquired the
infection described a mild disease, with few requiring
hospitalization or critical care and only 1 death reported. A mild
course of COVID-19 infections has been reported among
patientswith hereditary hemorrhagic telangiectasiain Italy [50],
rare endocrine diseases in a European registry study [38],
lysosomal storage diseasesin London [79], and Gaucher disease
inNew York [42]; inalarge group of patientswith RD in Brazil
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[43]; and among peoplewith myastheniagravisin asubanalysis
of this survey [52]. These reassuring findings are in contrast
with higher COVID-19—+elated mortality among patients with
RD in Hong Kong hospitals compared with in-patients from
the general population [37] and people with neurological and
neurodevelopmental diseases in a Genomics England cohort
study [33]. We observed that the frequency and severity of
RD-related symptoms worsened during the pandemic among
those who reported acquiring COVID-19 or did not know
compared with those who were uninfected, indicating that
COVID-19 complicated the underlying RD.

We found a greater use of selected medications among those
who acquired COVID-19, little change among those who did
not know, and decrease in use and dosage of many medications
among those who did not acquire COV1D-19. Wedid not expect
the uninfected respondents to report reduced medication use.
The need for some medications may have normally decreased
between the winter before the beginning of the pandemic and
the early summer when most surveyswere completed. Seasonal
variation exists in the use of antibiotics and prescription drugs
for asthma, cystic fibrosis, and other respiratory illnesses[80-83]
but not for other medications evaluated in the survey. It is
possiblethat the pandemic decreased accessto care and reduced
medi cation use among those who were not in immediate need,
whereas respondents with confirmed or possible COVID-19
infection continued to use their medications. Thisinterpretation
is not fully supported by the survey responses, which suggest
that the pandemic interfered with access to regular health care,
treatment for the RD, and hospitalization less frequently with
respondents who did not acquire COVID-19. Severa studies
involving patientswith RD have reported reduced accessto care
[36,40,43,45,52], and of patient organizations [84-88] and
providers [79,89-93] have reported increased difficulties in
delivering care and services, negatively affecting patients with
RD. However, some reports indicate that the rise in telehealth
services has had a positive impact in the RD community
[43,47,90]. Access to prescription medications for asthma and
chronic obstructive pulmonary diseasein Great Britain initially
briefly increased and then declined to below prepandemic levels
during 2020 [94].

We found that the pandemic caused greater mood changes,
anxiety, and stressin both respondents and their family members
to an extent that required medical attention. These effects were
experienced by a significant proportion of all respondents.

Strengthsand Limitations

Thisstudy had certain limitations. First, we could not determine
whether respondents were representative of the RD population.
However, this concern is mitigated by the representative
geographic distribution and the large number of diagnoses
reported by the respondents: 48.17% (1644/3413) reported a
diagnosis that was not studied by the RDCRN, suggesting that
the outreach effort was effective in the RD community at large.
Demographics and self-reported outcomes did not vary
considerably across RDs, suggesting that the same selection
forces affected all respondents.

Second, theinformation collected pertains mostly to adult, White
non-Hispanic people with RDs. Thus, we could not examine
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racial or ethnic disparities in the impact of the COVID-19
pandemic.

Third, the main motivation for conducting this survey was that
most studies examining the impact of COVID-19 would focus
on the general population and not on people living with an RD.
We did not have access to a suitable comparison group;
therefore, this report is based only on internal comparisons.
Finally, data collection was based on self-reports, and we did
not have external information to validate our observations. Our
inferenceisbased oninternal comparisons, the validity of which
relies on the assumption that between-group differences are
unbiased.

Despite these limitations, this survey had substantial strengths.
This is the largest survey conducted to learn about the
experience of people living with RDs during the COVID-19
pandemic. The large number of respondents allowed a precise
assessment of the prevalence and changes in symptoms and
medications used during the early phase of the pandemic and
robust internal comparisons among respondents who reported
acquiring COVID-19 or were uncertain but had symptoms (ie,
may have had an infection without a clinical or laboratory
diagnosis). The survey provided a necessary assessment of the
impact of the pandemic on the families of people living with
RDs. Most participants stated their willingnessto participatein

Macaluso et al

follow-up surveys and future research. Thus, this survey
provides a basis for evaluating the longitudinal impact of the
pandemic on respondents and their families.

Conclusions

In conclusion, the incidence of self-reported COVID-19
infection in this survey of people living with RDs was higher
than expected based on population rates, and many respondents
were unsure if they had acquired the infection.
COVID-19—elated symptoms were strongly associated with
self-reported infection and with unknown infection status.
Although the clinical severity of the infection was not high,
self-reported COVID-19 was moderately associated with RD
comorbidities and was strongly associated with increased
prevalence and severity of RD-related symptoms as well as
greater use and dosage of certain medications. The pandemic
negatively affected access to health care, RD treatment, and
hospitalization; it caused mood changes and greater anxiety for
respondents and their family members, requiring medical
attention for some. These effects were experienced not only by
those who acquired the infection but also by those who did not
acquire COVID-19 during the early months of the pandemic or
were unsure about it. Continued surveillance of this population
is needed to inform interventions to mitigate the impact of
COVID-19 and better prepare people with RDs, the health care

system, and society for afuture pandemic.
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data sets (SAS Institute). Prospective userswill be required to file adata access application including the objectives of dataaccess
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supporting documentswill be available through the Rare Diseases Clinical Research Network Data Repository (under development)
as soon as the Data Repository is active. Please check the Rare Diseases Clinical Research Network website for updates.

Authors Contributions

The principa investigators of the Rare Diseases Clinical Research Network (author group) contributed to the survey design,
reviewed the manuscript, and approved the version to be published. All named authors (MM, MER, TF, PK, HJK, DWK, MB,
and MC) contributed to the survey design, design of the analysis and interpretation of the results, and critical review of the
manuscript and reviewed and approved the version to be published. MM and PK directed data acquisition and management and
conducted the statistical analysis of the data. MM drafted the manuscript and finalized the version to be published. MM and PK
take responsibility for the integrity of the work and agree to investigate and resolve any issues arising from the review process
or from the readership of the journal.

Conflictsof Interest

MER is a consultant for Pulm One, Spoon Guru, ClostraBio, Serpin Pharm, Allakos, Celldex, Nextstone One, Bristol-Myers
Squibb, Astra Zeneca, Ellodi Pharma, GlaxoSmith Kline, Regeneron or Sanofi, Revolo Biotherapeutics, and Guidepoint; has an
equity interest in the first 7 organizations listed; and has received royalties from reslizumab (Teva Pharmaceuticals), PEESSv2
(Mapi Research Trust), and UpToDate. MER is an inventor of patents owned by Cincinnati Children’s Hospital. TF has National
Ingtitutes of Health (NIH) grant funding (HL096458, TR003860, A1146999, and HL 125241) and received support from Parion
Sciences and ReCode Therapeutics for clinical drug trial and observational study. He is a member of the ReCode Therapeutics
Primary Ciliary Dyskinesia Clinical Steering Committee and has served as a consultant for TransateBio and Arrowhead
Pharmaceuticals. HIK is a consultant for Roche, Merck Serono, Cabeletta Bio, and UCB Pharmaceuticals and is the Chief
Executive Officer and Chief Medical Officer of ARC Biotechnology, LLC, based on US Patent 8,961,98. HXK is the principal
investigator of the Rare Disease Network for Myasthenia Gravis (MGNet), funded by National | nstitute of Neurological Disorders
& Stroke (U54 NS115054) and of Targeted Therapy for myasthenia gravis (R41 NS110331). HIXK is also coinvestigator for
MV 2C2 antibody as a new therapeutic for myasthenia gravis (R43NS124329). DWK isasite Pl on a Gilead-sponsored study of
remdesivir in pediatric patients. All money goes directly to his university (University of Alabama at Birmingham). MB is a
consultant for Alector, Annexon, Arrowhead, Biogen, Denali, Novartis, Orphazyme, Roche, Sanofi, and UniQure. He has a
provisional patent for determining the onset of amyotrophic lateral sclerosis. He has received research funding from the NIH and
the Muscular Dystrophy Association and serves on the Board of Trustees for the Amyotrophic Lateral Sclerosis Association. MC
is currently a consultant for Regeneron, Adare or Ellodi, Astra Zeneca, Sanofi, and Bristol-Myers Squibb. Previously, she was a
consultant for Allakos, Shire or Takeda, and Phathom. She currently receives research funding from Regeneron, Allakos, Shire
or Takeda, AstraZeneca, and Adare or Ellodi and has received funding from Danone. All other authors declare no other conflicts
of interest.

Multimedia Appendix 1

Supplemental materials and survey instrument.
[DOCX File, 155 KB-Multimedia Appendix 1]

References
1.  WHO Coronavirus Disease (COVID-19) dashboard. World Health Organization. URL: https://covid19.who.int/ [accessed
2023-09-05]

2. DavidJ. Sencer CDC Museum. COVID-19timeline. Centersfor Disease Control and Prevention. 2023. URL: https.//www.
cdc.gov/museum/timeline/covid19.html# [accessed 2023-09-05]

3. Coronavirusinthe U.S.: latest map and case count. The New York Times. 2023. URL : https.//www.nytimes.com/interactive/
2021/us/covid-cases.html [accessed 2023-09-05]

4.  Impact of the COVID-19 pandemic on the hospital and outpatient clinician workforce. Office of the Assistant Secretary
for Planning and Evaluation, U.S. Department of Health and Human Services. 2022. URL : https.//aspe.hhs.gov/sites/default/
files’”documents/9cc72124abd9ea?5d58a22¢7692dcch6/aspe-covid-workforce-report.pdf [accessed 2024-01-12]

5.  Blumenthal D, Fowler EJ, Abrams M, Collins SR. COVID-19 - implications for the health care system. N Engl JMed. Oct
08, 2020;383(15):1483-1488. [doi: 10.1056/NEJM sh2021088] [Medline: 32706956]

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Health Surveill 2024 | vol. 10 | 48430 | p. 15
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v10i1e48430_app1.docx&filename=ef409b82bda6fe7e0be6ee606cbb8265.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e48430_app1.docx&filename=ef409b82bda6fe7e0be6ee606cbb8265.docx
https://covid19.who.int/
https://www.cdc.gov/museum/timeline/covid19.html#
https://www.cdc.gov/museum/timeline/covid19.html#
https://www.nytimes.com/interactive/2021/us/covid-cases.html
https://www.nytimes.com/interactive/2021/us/covid-cases.html
https://aspe.hhs.gov/sites/default/files/documents/9cc72124abd9ea25d58a22c7692dccb6/aspe-covid-workforce-report.pdf
https://aspe.hhs.gov/sites/default/files/documents/9cc72124abd9ea25d58a22c7692dccb6/aspe-covid-workforce-report.pdf
http://dx.doi.org/10.1056/NEJMsb2021088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706956&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Macaluso et a

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Hay JW, Gong CL, Jiao X, Zawadzki NK, Zawadzki RS, Pickard AS, et a. A US population health survey on the impact
of COVID-19 using the EQ-5D-5L. J Gen Intern Med. May 08, 2021;36(5):1292-1301. [FREE Full text] [doi:
10.1007/s11606-021-06674-z] [Medline: 33686587]

Hung M, Lauren E, Hon ES, Birmingham WC, Xu J, Su S, et al. Socia network analysis of COVID-19 sentiments:
application of artificial intelligence. JMed Internet Res. Aug 18, 2020;22(8):e22590. [ FREE Full text] [doi: 10.2196/22590]
[Medline: 32750001]

Cui T,Yang G, Ji L, Zhu L, Zhen S, Shi N, et a. Chinese residents perceptions of COVID-19 during the pandemic: online
cross-sectional survey study. JMed Internet Res. Nov 25, 2020;22(11):€21672. [FREE Full text] [doi: 10.2196/21672]
[Medline: 33152684]

LuoH, LieY, Prinzen FW. Surveillance of COVID-19 in the general population using an online questionnaire: report from
18,161 respondentsin China. IMIR Public Health Surveill. Apr 27, 2020;6(2):e18576. [FREE Full text] [doi: 10.2196/18576)]
[Medline: 32319956]

Lee JJ, Kang KA, Wang MP, Zhao SZ, Wong JY, O'Connor S, et al. Associations between COVID-19 misinformation
exposure and belief with COVID-19 knowledge and preventive behaviors: cross-sectiona online study. JMed Internet
Res. Nov 13, 2020;22(11):e22205. [FREE Full text] [doi: 10.2196/22205] [Medline: 33048825]

Nekliudov NA, Blyuss O, Cheung K, Petrou L, Genuneit J, Sushentsev N, et al. Excessive media consumption about
COVID-19 is associated with increased state anxiety: outcomes of alarge online survey in Russia. JMed Internet Res. Sep
11, 2020;22(9):e20955. [FREE Full text] [doi: 10.2196/20955] [Medline: 32788143]

Oliver N, Barber X, Roomp K, Roomp K. Assessing the impact of the COVID-19 pandemic in Spain: large-scale, online,
self-reported population survey. JMed Internet Res. Sep 10, 2020;22(9):€21319. [FREE Full text] [doi: 10.2196/21319]
[Medline: 32870159]

Wang Y, Wu P, Liu X, Li S, Zhu T, Zhao N. Subjective well-being of Chinese Sina Weibo usersin residential lockdown
during the COVID-19 pandemic: machine learning analysis. JMed Internet Res. Dec 17, 2020;22(12):e24775. [FREE Full
text] [doi: 10.2196/24775] [Medline: 33290247]

Woodward SF, Bari S, Vike N, Lalvani S, Stetsiv K, Kim BW, et al. Anxiety, post-COVID-19 syndrome-related depression,
and suicidal thoughts and behaviorsin COVID-19 survivors: cross-sectional study. IMIR Form Res. Oct 25,
2022;6(10):e36656. [FREE Full text] [doi: 10.2196/36656] [Medline: 35763757]

Zhang W, Yang X, Zhao J, Yang F, JiaY, Cui C, et al. Depression and psychological-behavioral responses among the
genera public in China during the early stages of the COVID-19 pandemic: survey study. J Med Internet Res. Sep 04,
2020;22(9):e22227. [FREE Full text] [doi: 10.2196/22227] [Medline: 32886066]

Zou C, Zhang W, Sznajder K, Yang F, JiaY, MaR, et al. Factorsinfluencing anxiety among WeChat users during the early
stages of the COVID-19 pandemic in mainland China: cross-sectional survey study. JMed Internet Res. May 17,
2021;23(5):e24412. [FREE Full text] [doi: 10.2196/24412] [Medline: 33878025]

Ji G, Wei W, Yue KC, Li H, Shi LJ, MaJD, et al. Effects of the COVID-19 pandemic on obsessive-compulsive symptoms
among university students: prospective cohort survey study. JMed Internet Res. Sep 30, 2020;22(9):e21915. [FREE Full
text] [doi: 10.2196/21915] [Medline: 32931444]

Mo PK, Fong VW, Song B, Di J, Wang Q, Wang L. Association of perceived threat, negative emotions, and self-efficacy
with mental health and personal protective behavior among Chinese pregnant women during the COVID-19 pandemic:
cross-sectional survey study. JMed Internet Res. Apr 12, 2021;23(4):€24053. [FREE Full text] [doi: 10.2196/24053]
[Medline: 33729983]

Yang X, Song B, Wu A, Mo PK, Di JL, Wang Q, et a. Social, cognitive, and eHealth mechanisms of COVID-19-related
lockdown and mandatory quarantine that potentially affect the mental health of pregnant women in China: cross-sectional
survey study. JMed Internet Res. Jan 22, 2021;23(1):€24495. [FREE Full text] [doi: 10.2196/24495] [Medline: 33302251]
Pramukti |, Strong C, Sitthimongkol Y, Setiawan A, Pandin MG, Yen CF, et a. Anxiety and suicidal thoughts during the
COVID-19 pandemic: cross-country comparative study among Indonesian, Taiwanese, and Thai university students. JMed
Internet Res. Dec 24, 2020;22(12):€24487. [FREE Full text] [doi: 10.2196/24487] [Medline: 33296867]

Son C, Hegde S, Smith A, Wang X, Sasangohar F. Effects of COVID-19 on college students mental health in the United
States: interview survey study. JMed Internet Res. Sep 03, 2020;22(9):€21279. [FREE Full text] [doi: 10.2196/21279]
[Medline: 32805704]

Zhang X, Shi X, Wang Y, Jing H, Zhai Q, Li K, et a. Risk factors of psychological responses of Chinese university students
during the COVID-19 outbreak: cross-sectional web-based survey study. JMed Internet Res. Jul 21, 2021;23(7):e29312.
[FREE Full text] [doi: 10.2196/29312] [Medline: 34156961]

Dura-Perez E, Goodman-Casanova JM, Vega-Nufiez A, Guerrero-Pertifiez G, VarelaMoreno E, GaroleraM, et al. The
impact of COVI1D-19 confinement on cognition and mental health and technology use among socially vulnerable older
people: retrospective cohort study. JMed Internet Res. Feb 22, 2022;24(2):e30598. [ FREE Full text] [doi: 10.2196/30598]
[Medline: 35049505]

Wong FH, Liu T, Leung DK, Zhang AY, Au WS, Kwok WW, et al. Consuming information related to COVI1D-19 on socia
media among ol der adults and its association with anxiety, social trust in information, and COVID-safe behaviors:

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Hedlth Surveill 2024 | vol. 10 | e48430 | p. 16

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33686587
http://dx.doi.org/10.1007/s11606-021-06674-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33686587&dopt=Abstract
https://www.jmir.org/2020/8/e22590/
http://dx.doi.org/10.2196/22590
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32750001&dopt=Abstract
https://www.jmir.org/2020/11/e21672/
http://dx.doi.org/10.2196/21672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33152684&dopt=Abstract
https://publichealth.jmir.org/2020/2/e18576/
http://dx.doi.org/10.2196/18576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32319956&dopt=Abstract
https://www.jmir.org/2020/11/e22205/
http://dx.doi.org/10.2196/22205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33048825&dopt=Abstract
https://www.jmir.org/2020/9/e20955/
http://dx.doi.org/10.2196/20955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32788143&dopt=Abstract
https://www.jmir.org/2020/9/e21319/
http://dx.doi.org/10.2196/21319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32870159&dopt=Abstract
https://www.jmir.org/2020/12/e24775/
https://www.jmir.org/2020/12/e24775/
http://dx.doi.org/10.2196/24775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33290247&dopt=Abstract
https://formative.jmir.org/2022/10/e36656/
http://dx.doi.org/10.2196/36656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35763757&dopt=Abstract
https://www.jmir.org/2020/9/e22227/
http://dx.doi.org/10.2196/22227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32886066&dopt=Abstract
https://www.jmir.org/2021/5/e24412/
http://dx.doi.org/10.2196/24412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33878025&dopt=Abstract
https://www.jmir.org/2020/9/e21915/
https://www.jmir.org/2020/9/e21915/
http://dx.doi.org/10.2196/21915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32931444&dopt=Abstract
https://www.jmir.org/2021/4/e24053/
http://dx.doi.org/10.2196/24053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33729983&dopt=Abstract
https://www.jmir.org/2021/1/e24495/
http://dx.doi.org/10.2196/24495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33302251&dopt=Abstract
https://www.jmir.org/2020/12/e24487/
http://dx.doi.org/10.2196/24487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33296867&dopt=Abstract
https://www.jmir.org/2020/9/e21279/
http://dx.doi.org/10.2196/21279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32805704&dopt=Abstract
https://www.jmir.org/2021/7/e29312/
http://dx.doi.org/10.2196/29312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34156961&dopt=Abstract
https://www.jmir.org/2022/2/e30598/
http://dx.doi.org/10.2196/30598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35049505&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Macaluso et a

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

cross-sectional telephone survey. J Med Internet Res. Feb 11, 2021;23(2):e26570. [FREE Full text] [doi: 10.2196/26570]
[Medline: 33523825]

De Boni RB, Balanza-Martinez V, Mota JC, Cardoso TA, Ballester B, Atienza-Carbonell B, et al. Depression, anxiety, and
lifestyle among essential workers: aweb survey from Brazil and Spain during the COVID-19 pandemic. J Med Internet
Res. Oct 30, 2020;22(10):€22835. [FREE Full text] [doi: 10.2196/22835] [Medline: 33038075]

Stewart NH, Koza A, Dhaon S, Shoushtari C, Martinez M, AroraVVM. Sleep disturbances in frontline health care workers
during the COVID-19 pandemic: social media survey study. JMed Internet Res. May 19, 2021;23(5):e27331. [FREE Full
text] [doi: 10.2196/27331] [Medline: 33875414]

Yao LF, Ferawati K, Liew K, Wakamiya S, Aramaki E. Disruptionsin the cystic fibrosis community's experiences and
concerns during the COV1D-19 pandemic: topic modeling and time series analysis of reddit comments. JMed Internet Res.
Apr 20, 2023;25:e45249. [FREE Full text] [doi: 10.2196/45249] [Medline: 37079359]

Hunyady P, Streller L, Rither DF, Groba SR, Bettinger D, Fitting D, et a. Secondary sclerosing cholangitis following
coronavirus disease 2019 (COVID-19): a multicenter retrospective study. Clin Infect Dis. Feb 08, 2023;76(3):e179-187.
[EREE Full text] [doi: 10.1093/cid/ciac565] [Medline: 35809032]

Chung CC, Wong WH, Fung JL, Hong Kong RD, Chung BH. Impact of COVID-19 pandemic on patients with rare disease
in Hong Kong. Eur JMed Genet. Dec 2020;63(12):104062. [FREE Full text] [doi: 10.1016/j.e/mg.2020.104062] [Medline:
32931946]

Sanchez-Garcia JC, Cortés-Martin J, Rodriguez-Blangue R, Marin-Jiménez AE, Montiel-TroyaM, Diaz-Rodriguez L.
Depression and anxiety in patients with rare diseases during the COV1D-19 pandemic. Int J Environ Res Public Health.
Mar 21, 2021;18(6):3234. [FREE Full text] [doi: 10.3390/ijerph18063234] [Medline: 33800980]

Fiumara A, Lanzafame G, Arena A, Sapuppo A, Raudino F, Pratico A, et al. COVID-19 pandemic outbreak and its
psychological impact on patientswith rare lysosomal diseases. J Clin Med. Aug 22, 2020;9(9):2716. [FREE Full text] [doi:
10.3390/jcm9092716] [Medline: 32842622)

Tarasco E, von Krogh AS, HrdlickovaR, Braschler TR, lwaniec T, Kndbl PN, et al. Hereditary thrombotic thrombocytopenic
purpura and COVID-19: impacts of vaccination and infection in this rare disease. Res Pract Thromb Haemost. Oct
2022;6(7):€12814. [FREE Full text] [doi: 10.1002/rth2.12814] [Medline: 36284639]

Zhang H, Thygesen JH, Shi T, Gkoutos GV, Hemingway H, Guthrie B, et al. Genomics England Research Consortium.
Increased COVID-19 mortality rate in rare disease patients. a retrospective cohort study in participants of the Genomics
England 100,000 Genomes project. Orphanet J Rare Dis. Apr 12, 2022;17(1):166. [FREE Full text] [doi:
10.1186/s13023-022-02312-x] [Medline: 35414031]

Byun M, Feller H, Ferrie M, Best S. Living with a genetic, undiagnosed or rare disease: alongitudinal journalling study
through the COVID-19 pandemic. Health Expect. Oct 05, 2022;25(5):2223-2234. [FREE Full text] [doi: 10.1111/hex.13405]
[Medline: 35122367]

Bermudez-Castellanos |, Saornil Alvarez MA, Almaraz Gomez A, Villoria-Diaz S, Garcia Alvarez C. Impact of COVID-19
on arare disease (uveal melanoma) in anational reference unit of intraocular tumorsin Spain. Arch Soc Esp Oftalmol (Engl
Ed). May 2023;98(5):254-258. [FREE Full text] [doi: 10.1016/j.oftale.2023.04.007] [Medline: 37075839]

Hughes M, Pauling JD, Moore A, Jones J. Impact of COVID-19 on clinical care and lived experience of systemic sclerosis:
an international survey from EURORDIS-Rare Diseases Europe. J Scleroderma Relat Disord. Jun 16, 2021;6(2):133-138.
[FREE Full text] [doi: 10.1177/2397198321999927] [Medline: 35386739)]

Chung CC, Wong WH, Chung BH. Hospital mortality in patients with rare diseases during pandemics: lessons learnt from
the COVID-19 and SARS pandemics. Orphanet J Rare Dis. Aug 12, 2021;16(1):361. [FREE Full text] [doi:
10.1186/s13023-021-01994-7] [Medline: 34384469]

Nowotny HF, Bryce J, Ali SR, Giordano R, Baronio F, Chifu I, et al. Outcome of COVID-19 infections in patients with
adrenal insufficiency and excess. Endocr Connect. Apr 01, 2023;12(4):€220416. [FREE Full text] [doi: 10.1530/EC-22-0416)]
[Medline: 36715679]

Ferrarotti I, Ottaviani S, Balderacchi AM, Barzon V, De Silvestri A, Piloni D, et al. COVID-19 infection in severe Alpha
1-antitrypsin deficiency: looking for arationale. Respir Med. Jul 2021;183:106440. [FREE Full text] [doi:
10.1016/j.rmed.2021.106440] [Medline: 33964815]

Hossain MS, Runa F, Al Mosabbir A. Impact of COVID-19 pandemic on rare diseases - a case study on thalassaemia
patientsin Bangladesh. Public Health Pract (Oxf). Nov 2021;2:100150. [ FREE Full text] [doi: 10.1016/j.puhip.2021.100150]
[Medline: 34494010]

Rihm L, Dreier M, Rezvani F, Wiegand-Grefe S, Dirmaier J. The psychosocial situation of families caring for children
with rare diseases during the COV1D-19 pandemic: results of a cross-sectional online survey. Orphanet J Rare Dis. Dec
26, 2022;17(1):449. [FREE Full text] [doi: 10.1186/s13023-022-02595-0] [Medline: 36572906]

Fierro L, Nesheiwat N, Naik H, Narayanan P, Mistry PK, Balwani M. Gaucher disease and SARS-CoV-2 infection:
experience from 181 patientsin New York. Mol Genet Metab. Jan 2021;132(1):44-48. [EREE Full text] [doi:
10.1016/j.ymgme.2020.12.288] [Medline: 33353808]

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Hedlth Surveill 2024 | vol. 10 | 48430 | p. 17

(page number not for citation purposes)


https://www.jmir.org/2021/2/e26570/
http://dx.doi.org/10.2196/26570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33523825&dopt=Abstract
https://www.jmir.org/2020/10/e22835/
http://dx.doi.org/10.2196/22835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33038075&dopt=Abstract
https://www.jmir.org/2021/5/e27331/
https://www.jmir.org/2021/5/e27331/
http://dx.doi.org/10.2196/27331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33875414&dopt=Abstract
https://www.jmir.org/2023//e45249/
http://dx.doi.org/10.2196/45249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37079359&dopt=Abstract
https://europepmc.org/abstract/MED/35809032
http://dx.doi.org/10.1093/cid/ciac565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35809032&dopt=Abstract
https://europepmc.org/abstract/MED/32931946
http://dx.doi.org/10.1016/j.ejmg.2020.104062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32931946&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18063234
http://dx.doi.org/10.3390/ijerph18063234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33800980&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm9092716
http://dx.doi.org/10.3390/jcm9092716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32842622&dopt=Abstract
https://boris.unibe.ch/id/eprint/174185
http://dx.doi.org/10.1002/rth2.12814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36284639&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-022-02312-x
http://dx.doi.org/10.1186/s13023-022-02312-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35414031&dopt=Abstract
https://europepmc.org/abstract/MED/35122367
http://dx.doi.org/10.1111/hex.13405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35122367&dopt=Abstract
https://europepmc.org/abstract/MED/37075839
http://dx.doi.org/10.1016/j.oftale.2023.04.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37075839&dopt=Abstract
https://europepmc.org/abstract/MED/35386739
http://dx.doi.org/10.1177/2397198321999927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35386739&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-01994-z
http://dx.doi.org/10.1186/s13023-021-01994-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34384469&dopt=Abstract
https://europepmc.org/abstract/MED/36715679
http://dx.doi.org/10.1530/EC-22-0416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36715679&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(21)00146-3
http://dx.doi.org/10.1016/j.rmed.2021.106440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33964815&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-5352(21)00075-6
http://dx.doi.org/10.1016/j.puhip.2021.100150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34494010&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-022-02595-0
http://dx.doi.org/10.1186/s13023-022-02595-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36572906&dopt=Abstract
https://europepmc.org/abstract/MED/33353808
http://dx.doi.org/10.1016/j.ymgme.2020.12.288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33353808&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Macaluso et a

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Schwartz 1V, Randon DN, Monsores N, Moura de Souza CF, Horovitz DD, Wilke MV, et al. SARS-CoV-2 pandemicin
the Brazilian community of rare diseases: a patient reported survey. Am JMed Genet C Semin Med Genet. Sep 20,
2021;187(3):301-311. [FREE Full text] [doi: 10.1002/ajmg.c.31883] [Medline: 33474836]

Paramo-Rodriguez L, Cavero-Carbonell C, Guardiola-Vilarroig S, Lopez-Maside A, Gonzalez Sanjuan ME, Zurriaga O.
Demora diagndstica en enfermedades raras: entre el miedo y laresiliencia[Diagnostic delay in rare diseases: between fear
and resilience]. Gac Sanit. 2023;37:102272. [FREE Full text] [doi: 10.1016/j.gaceta.2022.102272] [Medline: 36542890]
LeeJR, Segal C, Howitt J, Lawrence SO, GrimaJ, Eagle K, et al. Aortic Dissection Collaborative. A mixed method approach
to understanding the impact of COV1D-19 on patients with or at risk for aortic dissection. Semin Vasc Surg. Mar
2022;35(1):100-109. [FREE Full text] [doi: 10.1053/j.semvascsurg.2022.02.006] [Medline: 35501037]

Rossignol J, Ouedrani A, Livideanu CB, Barete S, Terriou L, Launay D, et a. Effective anti-SARS-CoV-2 immune response
in patients with clonal mast cell disorders. J Allergy Clin Immunol Pract. May 2022;10(5):1356-64.€2. [FREE Full text]
[doi: 10.1016/j.jaip.2021.12.038] [Medline: 35074600]

Bell S, Karamchandani U, Malcolmson K, Moosajee M. Acceptability of telegeneticsfor familieswith genetic eye diseases.
Genes (Basel). Feb 15, 2021;12(2):276. [FREE Full text] [doi: 10.3390/genes12020276] [Medline: 33672002]
Wasilewska E, Sobierajska-Rek A, Malgorzewicz S, Solinski M, Szalewska D, Jassem E. Isit possible to have home
e-monitoring of pulmonary function in our patients with Duchenne muscular dystrophy in the COVID-19 pandemic?-A
one center pilot study. Int J Environ Res Public Health. Aug 26, 2021;18(17):8967. [FREE Full text] [doi:
10.3390/ijerph18178967] [Medline: 34501557]

Pedersen ES, Collaud EN, Mozun R, Dexter K, Kruljac C, Silberschmidt H, COVID-PCD patient advisory group; et al.
Facemask usage among people with primary ciliary dyskinesia during the COVID-19 pandemic: a participatory project.
Int J Public Health. Dec 15, 2021;66:1604277. [FREE Full text] [doi: 10.3389/ijph.2021.1604277] [Medline: 34975364]
Suppressa P, Maiorano E, Gaetani E, Matti E, Lenato GM, Serio |, et al. Impact of SARS-CoV-2 infection in patients with
hereditary hemorrhagic telangiectasia: epidemiological and clinical datafrom the comprehensive Italian retrospective
multicenter study. Intern Emerg Med. Jun 04, 2023;18(4):1109-1118. [FREE Full text] [doi: 10.1007/s11739-023-03287-8]
[Medline: 37140873]

RoviraRemisaMM, MoreiraM, VenturaPS, Gonzalez-Alvarez P, Mestres N, Graterol TorresF, et a. Impact of COVID19
pandemic on patients with rare diseases in Spain, with a special focus on inherited metabolic diseases. Mol Genet Metab
Rep. Jun 2023;35:100962. [FREE Full text] [doi: 10.1016/j.ymgmr.2023.100962] [Medline: 36909454]

Gutierrez G, GirmaH, Kuhnell B, Macaluso M, Kaminski HJ. Impact of the Covid-19 epidemic on aUS sample of patients
with myasthenia gravis. Ther Adv Rare Dis. Mar 10, 2022;3:26330040221082673. [FREE Full text] [doi:
10.1177/26330040221082673] [Medline: 37125217]

Orphan drug act, public law 97-414 (1983). Food and Drug Administration. URL: https://www.fda.gov/media/99546/
download [accessed 2024-01-12]

Rare diseases act of 2002, public act no 107-280 (2002). The Congress.gov. URL: https://www.congress.gov/107/plaws/
publ 280/PL AW-107publ 280.pdf [accessed 2024-01-12]

Genetic and rare diseasesinformation center. National Center for Advancing Trand ation Sciences. URL : https://rarediseases.
info.nih.gov/ [accessed 2024-01-12]

Haendel M, Vasilevsky N, Unni D, Bologa C, Harris N, Rehm H, et al. How many rare diseases are there? Nat Rev Drug
Discov. Feb 05, 2020;19(2): 77-78. [FREE Full text] [doi: 10.1038/d41573-019-00180-y] [Medline: 32020066]
Thompson JL, Karaa A, Pham H, Yeske P, Krischer J, Xiao Y, et a. Correction to: the evolution of the mitochondrial
disease diagnostic odyssey. Orphanet JRare Dis. Jul 20, 2023;18(1):194. [FREE Full text] [doi: 10.1186/s13023-023-02832-0]
[Medline: 37474973]

Baynam G, Bowman F, Lister K, Walker CE, Pachter N, Goldblatt J, et al. Improved Diagnosis and Care for Rare Diseases
through Implementation of Precision Public Health Framework. In: delaPaz MP, Taruscio D, Groft SC, editors. Rare
Diseases Epidemiology: Update and Overview. Cham, Switzerland. Springer; 2017;55-94.

Larkindale J, Betourne A, Borens A, Boulanger V, Theurer Crider V, Gavin P, et al. Innovations in therapy development
for rare diseases through the rare disease cures accel erator-data and analytics platform. Ther Innov Regul Sci. Sep 06,
2022;56(5):768-776. [doi: 10.1007/s43441-022-00408-x] [Medline: 35668316]

Angelis A, Tordrup D, Kanavos P. Socio-economic burden of rare diseases: a systematic review of cost of illness evidence.
Hesalth Policy. Jul 2015;119(7):964-979. [doi: 10.1016/j.healthpol.2014.12.016] [Medline: 25661982]

Wagner TO, Humbert M, Wijsenbeek M, Kreuter M, Hebestreit H. Rare Diseases of the Respiratory System. Sheffield,
UK. European Respiratory Society Publication; 2023.

McCusker C, Warrington R. Primary immunodeficiency. All Asth Clin Immun. Nov 10, 2011;7(S1) [doi:
10.1186/1710-1492-7-s1-s11]

Somanadhan S, Johnson NL, Gilroy BS, Lawlor A, Vockley J. Intellectual and devel opmental disabilities and rare diseases.
In: Sheerin F, Doyle C, editors. Intellectual Disabilities: Health and Social Care Acrossthe Lifespan. Cham, Switzerland.
Springer; 2023;89-104.

Bogart KR, Irvin VL. Health-related quality of life among adults with diverse rare disorders. Orphanet J Rare Dis. Dec 07,
2017;12(1):177. [FREE Full text] [doi: 10.1186/s13023-017-0730-1] [Medline: 29212508]

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Health Surveill 2024 | vol. 10 | e48430 | p. 18

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33474836
http://dx.doi.org/10.1002/ajmg.c.31883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33474836&dopt=Abstract
http://www.elsevier.es/en/linksolver/ft/pii/S0213-9111(22)00168-6
http://dx.doi.org/10.1016/j.gaceta.2022.102272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36542890&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-7967(22)00005-9
http://dx.doi.org/10.1053/j.semvascsurg.2022.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35501037&dopt=Abstract
https://europepmc.org/abstract/MED/35074600
http://dx.doi.org/10.1016/j.jaip.2021.12.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35074600&dopt=Abstract
https://www.mdpi.com/resolver?pii=genes12020276
http://dx.doi.org/10.3390/genes12020276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33672002&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18178967
http://dx.doi.org/10.3390/ijerph18178967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34501557&dopt=Abstract
https://boris.unibe.ch/id/eprint/163972
http://dx.doi.org/10.3389/ijph.2021.1604277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34975364&dopt=Abstract
https://europepmc.org/abstract/MED/37140873
http://dx.doi.org/10.1007/s11739-023-03287-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37140873&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-4269(23)00008-3
http://dx.doi.org/10.1016/j.ymgmr.2023.100962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36909454&dopt=Abstract
https://europepmc.org/abstract/MED/37125217
http://dx.doi.org/10.1177/26330040221082673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37125217&dopt=Abstract
https://www.fda.gov/media/99546/download
https://www.fda.gov/media/99546/download
https://www.congress.gov/107/plaws/publ280/PLAW-107publ280.pdf
https://www.congress.gov/107/plaws/publ280/PLAW-107publ280.pdf
https://rarediseases.info.nih.gov/
https://rarediseases.info.nih.gov/
https://europepmc.org/abstract/MED/32020066
http://dx.doi.org/10.1038/d41573-019-00180-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32020066&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-023-02832-0
http://dx.doi.org/10.1186/s13023-023-02832-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37474973&dopt=Abstract
http://dx.doi.org/10.1007/s43441-022-00408-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35668316&dopt=Abstract
http://dx.doi.org/10.1016/j.healthpol.2014.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25661982&dopt=Abstract
http://dx.doi.org/10.1186/1710-1492-7-s1-s11
https://ojrd.biomedcentral.com/articles/10.1186/s13023-017-0730-1
http://dx.doi.org/10.1186/s13023-017-0730-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29212508&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Macaluso et a

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

85.

Depping MK, Uhlenbusch N, von Kodolitsch Y, Klose HF, Mautner VF, Léwe B. Supportive care needs of patients with
rare chronic diseases: multi-method, cross-sectional study. Orphanet J Rare Dis. Jan 22, 2021;16(1):44. [EREE Full text]
[doi: 10.1186/s13023-020-01660-w] [Medline: 33482869]

Home page. Rare Diseases Clinical Research Network. Feb 2004. URL: https://www.raredi seasesnetwork.org/ [accessed
2022-12-05]

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing transational research informatics support. J Biomed
Inform. Apr 2009;42(2):377-381. [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

Coronavirus (Covid-19) datain the United States. The New York Times. 2021. URL: https://github.com/nytimes/covid-19-data
[accessed 2021-06-17]

American community survey 5-year data (2009-2022). United States Census Bureau. URL: https://www.census.gov/data/
devel opers/data-sets/acs-Syear.html [accessed 2021-06-17]

Mehta P, Raymond J, Punjani R, Han M, Larson T, Kaye W, et a. Prevalence of amyotrophic lateral sclerosisin the United
States using established and novel methodologies, 2017. Amyotroph Lateral Scler Frontotemporal Degener. Feb 15,
2023;24(1-2):108-116. [FREE Full text] [doi: 10.1080/21678421.2022.2059380] [Medline: 35422180]

McGowan EC, Keller JP, Dellon ES, Peng R, Keet CA. Prevalence and geographic distribution of pediatric eosinophilic
esophagitisin the 2012 US Medicaid population. JAllergy Clin Immunol Pract. Sep 2020;8(8):2796-8.e4. [FREE Full text]
[doi: 10.1016/j.jaip.2020.04.009] [Medline: 32320795]

Adachi T, El-Hattab AW, Jain R, Nogales Crespo KA, Quirland Lazo Cl, Scarpa M, et a. Enhancing equitable access to
rare disease diagnosis and treatment around the world: areview of evidence, policies, and challenges. Int J Environ Res
Public Health. Mar 08, 2023;20(6):4732. [FREE Full text] [doi: 10.3390/ijerph20064732] [Medline: 36981643]

Austin CP, Cutillo CM, Lau LP, Jonker AH, Rath A, JulkowskaD, et al. International Rare Diseases Research Consortium
(IRDiRC). Future of rare diseases research 2017-2027: an IRDiRC perspective. Clin Trand Sci. Jan 23, 2018;11(1):21-27.
[EREE Full text] [doi: 10.1111/cts.12500] [Medline: 28796445]

Konkel L. Racial and ethnic disparities in research studies: the challenge of creating more diverse cohorts. Environ Health
Perspect. Dec 2015;123(12):A297-A302. [FREE Full text] [doi: 10.1289/ehp.123-a297]

Oh SS, Galanter J, Thakur N, Pino-Yanes M, Barcelo NE, White MJ, et a. Diversity in clinical and biomedical research:
apromise yet to be fulfilled. PLoS Med. Dec 15, 2015;12(12):€1001918. [FREE Full text] [doi:
10.1371/journal.pmed.1001918] [Medline: 26671224]

Kalish H, Klumpp-Thomas C, Hunsberger S, BausHA, Fay MP, Siripong N, et a. Undiagnosed SARS-CoV-2 seropositivity
during thefirst 6 months of the COV1D-19 pandemic in the United States. Sci Transl Med. Jul 07, 2021;13(601):eabh3826.
[FREE Full text] [doi: 10.1126/scitransimed.abh3826] [Medline: 34158410]

Wu SL, MertensAN, Crider Y S, Nguyen A, Pokpongkiat NN, Djgjadi S, et al. Substantial underestimation of SARS-CoV-2
infection in the United States. Nat Commun. Sep 09, 2020;11(1):4507. [FREE Full text] [doi: 10.1038/s41467-020-18272-4]
[Medline: 32908126]

Tanne JH. COVID-19: US cases are greatly underestimated, seropreval ence studies suggest. BM J. Jul 24, 2020;370:m2988.
[doi: 10.1136/bmj.m2988] [Medline: 32709608]

Ramaswami U, D'Amore S, Finnegan N, Hughes D, Kazemi M, Lysosomal Disorders Team, Royal Free London NHS
Foundation Trust. Impact of SARS-CoV-2 (COVID-19) pandemic on patients with lysosomal storage disorders and
restoration of services: experience from aspecialist centre. Intern Med J. Oct 23, 2021;51(10):1580-1593. [FREE Full text]
[doi: 10.1111/imj.15473] [Medline: 34487419]

Bruyndonckx R, Adriaenssens N, Versporten A, Hens N, Monnet DL, Molenberghs G, et al. ESAC-Net study group.
Consumption of antibioticsin the community, European Union/European Economic Area, 1997-2017. J Antimicrob
Chemother. Jul 26, 2021;76(12 Suppl 2):ii7-i13. [FREE Full text] [doi: 10.1093/jac/dkabl172] [Medline: 34312654]
Moineddin R, Nie JX, Domb G, Leong AM, Upshur RE. Seasonality of primary care utilization for respiratory diseasesin
Ontario: atime-series analysis. BMC Health Serv Res. Jul 28, 2008;8(1):160. [FREE Full text] [doi:
10.1186/1472-6963-8-160] [Medline: 18662391]

Van DoleKB, Swern AS, Newcomb K, Nelsen L. Seasonal patternsin health care use and pharmaceutical claimsfor asthma
prescriptions for preschool- and school-aged children. Ann Allergy Asthma lmmunol. Mar 2009;102(3):198-204. [doi:
10.1016/S1081-1206(10)60081-6] [Medline: 19354065]

Flight WG, Bright-Thomas RJ, Tilston P, Mutton KJ, Guiver M, MorrisJ, et al. Incidence and clinical impact of respiratory
virusesin adultswith cystic fibrosis. Thorax. Mar 14, 2014,69(3):247-253. [doi: 10.1136/thoraxjnl-2013-204000] [Medline:
24127019

McMullan J, Crowe AL, Bailie C, McKnight AJ. Evaluating the impact of COVID-19 on rare disease support groups. BMC
Res Notes. May 06, 2021;14(1):168. [FREE Full text] [doi: 10.1186/s13104-021-05579-8] [Medline: 33957984]

Chung CC, Ng YN, Jain R, Chung BH. A thematic study: impact of COVID-19 pandemic on rare disease organisations
and patients across ten jurisdictions in the Asia Pacific region. Orphanet J Rare Dis. Mar 05, 2021;16(1):119. [FREE Full
text] [doi: 10.1186/s13023-021-01766-9] [Medline: 33673852]

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Hedlth Surveill 2024 | vol. 10 | e48430 | p. 19

(page number not for citation purposes)


https://ojrd.biomedcentral.com/articles/10.1186/s13023-020-01660-w
http://dx.doi.org/10.1186/s13023-020-01660-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33482869&dopt=Abstract
https://www.rarediseasesnetwork.org/
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
https://github.com/nytimes/covid-19-data
https://www.census.gov/data/developers/data-sets/acs-5year.html
https://www.census.gov/data/developers/data-sets/acs-5year.html
https://europepmc.org/abstract/MED/35422180
http://dx.doi.org/10.1080/21678421.2022.2059380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35422180&dopt=Abstract
https://europepmc.org/abstract/MED/32320795
http://dx.doi.org/10.1016/j.jaip.2020.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32320795&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph20064732
http://dx.doi.org/10.3390/ijerph20064732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36981643&dopt=Abstract
https://europepmc.org/abstract/MED/28796445
http://dx.doi.org/10.1111/cts.12500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28796445&dopt=Abstract
https://ehp.niehs.nih.gov/doi/10.1289/ehp.123-A297
http://dx.doi.org/10.1289/ehp.123-a297
https://dx.plos.org/10.1371/journal.pmed.1001918
http://dx.doi.org/10.1371/journal.pmed.1001918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26671224&dopt=Abstract
https://www.science.org/doi/abs/10.1126/scitranslmed.abh3826?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1126/scitranslmed.abh3826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34158410&dopt=Abstract
https://doi.org/10.1038/s41467-020-18272-4
http://dx.doi.org/10.1038/s41467-020-18272-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32908126&dopt=Abstract
http://dx.doi.org/10.1136/bmj.m2988
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32709608&dopt=Abstract
https://europepmc.org/abstract/MED/34487419
http://dx.doi.org/10.1111/imj.15473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34487419&dopt=Abstract
https://europepmc.org/abstract/MED/34312654
http://dx.doi.org/10.1093/jac/dkab172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34312654&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-8-160
http://dx.doi.org/10.1186/1472-6963-8-160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18662391&dopt=Abstract
http://dx.doi.org/10.1016/S1081-1206(10)60081-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19354065&dopt=Abstract
http://dx.doi.org/10.1136/thoraxjnl-2013-204000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24127019&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-021-05579-8
http://dx.doi.org/10.1186/s13104-021-05579-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33957984&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-01766-9
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-01766-9
http://dx.doi.org/10.1186/s13023-021-01766-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33673852&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Macaluso et a

86.

87.

88.

89.

90.

91.

92.

93.

94.

AktasP. Chronic and rare disease patients accessto healthcare servicesduring ahealth crisis: the example of the COVID-19
pandemic in Turkey. Health Expect. Oct 26, 2021;24(5):1812-1820. [FREE Full text] [doi: 10.1111/hex.13321] [Medline:
34309998]

Castro R, Berjonneau E, Courbier S. L earning from the pandemic to improve carefor vulnerable communities: the perspectives
and recommendations from the rare disease community. Int J Integr Care. Mar 04, 2021;21(1):12. [FREE Full text] [doi:
10.5334/ijic.5812] [Medline: 33716595]

Zybarth D, Brandt M, Mundlos C, Inhestern L. Impact of the COVID-19 pandemic on health care and daily life of patients
with rare diseases from the perspective of patient organizations - a quaitative interview study. Orphanet J Rare Dis. Jun
21, 2023;18(1):154. [FREE Full text] [doi: 10.1186/s13023-023-02771-w] [Medline: 37344904]

Limongelli G, lucolano S, MondaE, Elefante P, De Stasio C, Lubrano |, et al. Campania Rare Disease Network. Diaghostic
issues faced by arare disease healthcare network during COVID-19 outbreak: data from the Campania Rare Disease
Registry. JPublic Health (Oxf). Aug 25, 2022;44(3):586-594. [FREE Full text] [doi: 10.1093/pubmed/fdab137] [Medline:
33982102]

Radtke HB, Klein-Tasman BP, Merker VL, Knight P, Ullrich NJ, Jordan JT, et al. The impact of the COVID-19 pandemic
on neurofibromatosis clinical care and research. Orphanet J Rare Dis. Feb 01, 2021;16(1):61. [FREE Full text] [doi:
10.1186/s13023-021-01711-w] [Medline: 33522938]

Marano G, Gaetani E, Gasbarrini A, Janiri L, Sani G, Mazza M, et a. Multidisciplinary Gemelli Group for HHT. Mental
health and counseling intervention for hereditary hemorrhagic telangiectasia (HHT) during the COVID-19 pandemic:
perspectives from Italy. Eur Rev Med Pharmacol Sci. Oct 2020;24(19):10225-10227. [FREE Full text] [doi:
10.26355/eurrev_202010_23246] [Medline: 33090433]

Calle Rubio M, Lopez-Campos JL, MiravitllesM, Michel de laRosa FJ, Hernandez Pérez JM, Montero Martinez C, et al.
COVID-19'simpact on care practice for alpha-1-antitrypsin deficiency patients. BMC Health Serv Res. Jan 30, 2023;23(1):98.
[FREE Full text] [doi: 10.1186/s12913-023-09094-3] [Medline: 36717880]

Nadipelli VR, Elwing JM, Oglesby WH, El-Kersh K. Social determinants of health in pulmonary arterial hypertension
patientsin the United States: clinician perspective and health policy implications. Pulm Circ. Jul 19, 2022;12(3):e12111.
[FREE Full text] [doi: 10.1002/pul2.12111] [Medline: 35874851]

Barrett R, Barrett R. Asthma and COPD medicines prescription-claims: atime-series analysis of England's national
prescriptions during the COVID-19 pandemic (Jan 2019 to Oct 2020. Expert Rev Respir Med. Dec 01,
2021;15(12):1605-1612. [doi: 10.1080/17476348.2022.1985470] [Medline: 34555287]

Abbreviations

IRB: institutional review board

NIH: National Institutes of Health

OR: oddsratio

RD: raredisease

RDCRN: Rare Diseases Clinical Research Network
REDCap: Research Electronic Data Capture
WHO: World Health Organization

Edited by A Mavragani; submitted 23.04.23; peer-reviewed by J Long, M Gong, J Cebrino; comments to author 30.06.23; revised
version received 20.09.23; accepted 15.12.23; published 14.02.24

Please cite as:

Macaluso M, Rothenberg ME, Ferkol T, Kuhnell P, Kaminski HJ, Kimberlin DW, Benatar M, Chehade M, The Principal Investigators
of the Rare Diseases Clinical Research Network — Cycle 4

Impact of the COVID-19 Pandemic on People Living With Rare Diseases and Their Families: Results of a National Survey

JMIR Public Health Surveill 2024;10:e48430

URL.: https://publichealth.jmir.org/2024/1/e48430

doi: 10.2196/48430

PMID: 38354030

©Maurizio Macaluso, Marc E Rothenberg, Thomas Ferkol, Pierce Kuhnell, Henry J Kaminski, David W Kimberlin, Michael
Benatar, Mirna Chehade, The Principal Investigators of the Rare Diseases Clinical Research Network — Cycle 4. Originaly
published in IMIR Public Health and Surveillance (https://publichealth.jmir.org), 14.02.2024. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR Public

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Health Surveill 2024 | vol. 10 | e48430 | p. 20

(page number not for citation purposes)


https://europepmc.org/abstract/MED/34309998
http://dx.doi.org/10.1111/hex.13321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34309998&dopt=Abstract
https://europepmc.org/abstract/MED/33716595
http://dx.doi.org/10.5334/ijic.5812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33716595&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-023-02771-w
http://dx.doi.org/10.1186/s13023-023-02771-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37344904&dopt=Abstract
https://europepmc.org/abstract/MED/33982102
http://dx.doi.org/10.1093/pubmed/fdab137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33982102&dopt=Abstract
https://ojrd.biomedcentral.com/articles/10.1186/s13023-021-01711-w
http://dx.doi.org/10.1186/s13023-021-01711-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33522938&dopt=Abstract
https://www.europeanreview.org/article/23246
http://dx.doi.org/10.26355/eurrev_202010_23246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33090433&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-023-09094-3
http://dx.doi.org/10.1186/s12913-023-09094-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36717880&dopt=Abstract
https://europepmc.org/abstract/MED/35874851
http://dx.doi.org/10.1002/pul2.12111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35874851&dopt=Abstract
http://dx.doi.org/10.1080/17476348.2022.1985470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34555287&dopt=Abstract
https://publichealth.jmir.org/2024/1/e48430
http://dx.doi.org/10.2196/48430
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38354030&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Macaluso et a

Health and Surveillance, is properly cited. The complete bibliographic information, a link to the original publication on
https://publichealth.jmir.org, as well as this copyright and license information must be included.

https://publichealth.jmir.org/2024/1/e48430 JMIR Public Health Surveill 2024 | vol. 10 | e48430 | p. 21
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

