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Objective To determine the impact of the coronavirus disease 2019 (COVID-19) quarantine on baseline health,
medication use, health anxiety, and healthcare use in pediatric patients with aerodigestive disease and to evaluate
for associations of commonly prescribed medications with the risk of COVID-19 illness.
Study design Prospective study of patients presenting in person to pediatric neurogastroenterology clinics be-
tween July 2020 and March 2021.
Results Of 202 recruited patients, 71.3% were seen in the aerodigestive diseases center and 28.7% in the func-
tional abdominal pain (FAP)/motility clinic. Of all patients, 25.1% reported improved overall health during quaran-
tine; patients with aerodigestive disease (35.3%) reported higher rates of improved overall health compared with
patients with FAP/motility disorders (3.6%, P = .0001). Patients with aerodigestive disease had fewer airway symp-
toms (P < .05) and less medication use during quarantine (inhaled steroids, P < .05 and albuterol, P < .05). Despite
objective improvement, there was significant health-related anxiety, with greater anxiety scores reported during
and at the end of quarantine (P < .05), with no difference between patient groups (P > .11). Patients continued to
access healthcare during quarantine. In total, 28.7% of patients were seen in the emergency department (patients
with FAP more than patients with aerodigestive disease, P = .02), and 19.8% were hospitalized. COVID-19 testing
was performed in 58.4% of patients and 2.0% (n = 4) of the entire cohort tested positive.
Conclusions Patients with aerodigestive disease show improvement of airway symptoms and decreased use of
medications during the pandemic, despite increased health-related anxiety. Despite complexities of accessing care
due to the widespread lockdown, all patient groups continued to access healthcare. (J Pediatr 2022;243:14-20).
I
n response to the emergence of the coronavirus disease 2019 (COVID-19) pandemic in early 2020, large areas of the US were
placed under lockdown to slow down and prevent further spread of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV2) virus. In addition to its major impact on daily life and risks to health, this also affected access to care for

patients both due to decreased availability and fear of exposure to the virus.1-3 Pediatric patients with aerodigestive disorders
were felt to be among the greatest risk of severe disease from the virus because of the risk of infection on lung health,4 but no
publications exist studying exactly how these patients have been affected.

The goal of this study was to better understand how the COVID-19 pandemic quarantine impacted patients with aerodiges-
tive disease and to better understand their risks for COVID-19. The aims of this study were to understand the impact of the
pandemic on baseline health and health-related anxiety in patients with aerodigestive disease; to determine the impact of
COVID-19 on healthcare use; and to determine whether any commonly prescribed gastrointestinal medications were associ-
ated with testing positive for COVID-19.
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Methods
From the Aerodigestive Center and Center for Motility
and Functional Gastrointestinal Disorders, Division of
Pediatric Gastroenterology, Boston Children’s Hospital,
Boston, MA
This is a prospective questionnaire study of consecutive patients seen in-person in
the aerodigestive, FAP, ormotility clinic at a tertiary care hospital during the SARS-
CoV2 pandemic between July 2020, after the clinics reopened, andMarch 2021. All
patients presenting for in-person outpatient appointments to all 3 clinics were
given a questionnaire to reduce risk of bias. Patients presenting for virtual visits
were excluded from the analysis because the original goal of the questionnaire
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Table I. Patient characteristics (n = 202)

Characteristics Total N (%)
Patients with aerodigestive

disease, n (%)
Patients with FAP/motility

disease, n (%) P value*

Number of patients 202 144 (71.3) 58 (28.7) –
Sex (% female) 98 (48.5) 54 (37.5) 44 (75.9) <.01
Age, y, mean � SD 6.5 � 6.5 4 ± 4.8 12.9 ± 6 <.01
Age, y, range 0.1-25 0.2-22 0.1-25
Age, y, median 3.5 2 15
Ethnicity
White 180 (89.1) 127 (93.1) 53 (91.4) .35
Black 17 (8.4) 14 (9.7) 3 (5.2) .22
Hispanic 15 (7.4) 9 (6.3) 6 (10.3) .24
Asian 13 (6.4) 10 (6.9) 3 (5.2) .46
Other 12 (5.9) 10 (6.9) 2 (3.4) .56

Community
Suburban 102 (50.5) 70 (48.6) 32 (55.2) .44
Urban 41 (20.3) 30 (20.8) 11 (19.0) .85
Rural 38 (18.8) 28 (19.4) 10 (17.2) .84

Comorbidities
Neurologic 58 (28.7) 39 (27.1) 19 (32.8) .26
Cardiac 46 (22.8) 35 (24.3) 11 (18.9) .27
Genetic syndrome 45 (22.3) 28 (19.4) 17 (29.3) .09
Aspiration 90 (44.6) 83 (57.6) 7 (12.1) <.01

Feeding tube present 86 (42.6) 70 (34.7) 16 (7.9) .01
Household members
Other children <18 y 127 (62.8) 92 (63.9) 35 (60.3) .34
Number of siblings 1.6 � 0.8 (1-5) 1.6 � 0.8 1.5 � 0.8 .92
Number of adults 2.1 � 0.8 (1-7) 2.1 � 0.7 2.1 � 0.9 .12

Essential workers
Younger parent 52 (25.7) 33 (22.9) 19 (32.8) .09
Older parent 73 (36.1) 49 (34.0) 24 (41.4) .17

Equal quarantining of parents (if >2) 103 (51.0) 79 (54.9) 24 (41.4) .05
Subjects spending time in >1 home 12 (5.9) 9 (6.3) 3 (5.2) .52
Child care
In-home, any member 35 (12.3) 29 (20.1) 6 (10.3) .06
Out of home, any member 24 (11.9) 19 (13.2) 5 (8.6%) .22

Grocery shopping in-store by any family member 151 (74.8%) 105 (72.9%) 46 (79.3) .42
Change in overall health during quarantine (n = 175)
Unchanged 104 (59.4) 68 (57.1) 36 (64.3) .41
Improved 44 (25.1) 42 (35.3) 2 (3.6) <.01
Worse 27 (15.4) 9 (7.5) 18 (32.1) <.01

Statistically significant values (P < .05) are shown in bold.
*c2 for proportions, t test for means.
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was to assess for parental concerns related to in-person health-
care utilization and the feasibility of in-person clinics.

Patients/families were surveyed about demographics, co-
morbidities, baseline airway and gastrointestinal symptoms,
medication use, risk factors for exposure to and testing for
SARS-CoV-2, healthcare use, and health-related anxiety (rated
on a Likert scale 0-10, with 0 representing no and 10 represent-
ing most severe anxiety) before and during the pandemic. Pa-
tients were considered positive for COVID-19 if they tested
positive by polymerase chain reaction testing. If a question
was not answered, it was considered negative. This study
was part of a prospective quality initiative whose aim was to
determine healthcare use to understand clinical needs.
Statistical Analyses
Values are expressed as mean and SD. Means were compared
using t tests. Proportions were compared using c2 analyses or
the McNemar test for related samples. Statistical analysis was
performed using SPSS (SPSS Inc), version 27.
Results

Of the 202 subjects participating in this study, 144 (71.3%)
were seen in the aerodigestive diseases center, 37 (18.3%)
in the motility clinic, and 21 (10.4%) in the FAP clinic. Sur-
veys were completed by parents in 91% of cases and by
patients themselves in 9%, amean of 7.7� 1.6months (range
4-11months) into the quarantine. Baseline characteristics are
detailed in Table I. Patients seen in the aerodigestive diseases
center were younger, more likely to be male, and
have aspiration and feeding-tube dependency. Otherwise,
there was not difference in baseline characteristics or
comorbidities between groups (Table I).

Baseline Health and Medication Use
When we compared the presence of selected symptoms
before and during the quarantine period, there was a
decreased incidence of airway symptoms across all patients
during the quarantine period compared with before,
15



Figure 1. Symptoms and medication use before and during quarantine. A, Symptom prevalence before and during the COVID-
19 quarantine (by cohort). P value based on McNemar test for related samples. B,Medication use before and during the COVID-
19 quarantine (by cohort). P value based on McNemar test for related samples. ADC, aerodigestive; PO, per oral.
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including wheezing (P < .01), chronic cough (P < .01), and
pneumonia (P = .04) (Figure 1, A).

Change in overall health status during quarantine
compared with before (unchanged, improved, or worse)
are detailed in Table I. Of note, 27 patients were born
during quarantine and unable to answer this question and
therefore not included in the analysis. Although most
patients reported no change in their overall health status,
there were notably greater reports of subjective
16
improvement in the patients with aerodigestive disease
group (35.3%) compared with the FAP/motility group
(3.6%) (P = .0001), and notably greater rates of worsening
of overall health in the FAP/motility group (32.1%)
compared with the patients with aerodigestive disease
group (7.5%, P = .001, Table I).
From a medication perspective, there was a significant

decrease in the use of inhaled steroids during the
pandemic among all patients (P < .05, Figure 1, B). Of
Beinvogl et al



Figure 2. Health-related anxiety scores before and during COVID-19 quarantine.
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patients receiving inhaled steroids before the quarantine
(n = 55), 12 of 55 (21.8%) discontinued steroids, and
only 3 of 147 (2.0%) patients were newly started
during quarantine.

Health-Related Anxiety
Anxiety scores (0-10) increased significantly during quaran-
tine (P < .05) compared with before and remained high
through the end of quarantine. There was no difference in
anxiety scores between the patients with aerodigestive disease
and patients with FAP/motility disorder groups at any time
point (Figure 2).

Healthcare Use
Despite complexities of accessing care due to the widespread
lockdown, all patient groups continued to access healthcare.
Figure 3. Healthcare use during the COVID-19 quarantine includ
abdominal pain and migraines. ^^Other: anxiety, supraventricula
department. ^Other routine check, procedure complications, anx
admission/emergency department follow-up. ^^Infections and no
ment, elevated lead level. NICU, neonatal intensive care unit.

Impact of Coronavirus Disease 2019 on the Pediatric Population
Fifty-eight of 202 (28.7%) patients were seen in the emer-
gency department; notably, patients with FAP/motility disor-
ders presented to the emergency department more frequently
than patients with aerodigestive disease (41.4% compared
with 22.9%) (P = .02); however, the number of outpatient
visits per month during the study period was similar between
groups (P = .43). Forty of 202 (19.8%), were hospitalized dur-
ing the study period with no difference in hospitalization rates
between the patients with aerodigestive disease and FAP/
motility groups (P = .56). Of all patients, 84 of 202 (41.6%)
saw their primary care physician for an in-person visit and
61 of 202 (30.2%) for a virtual visit at one point during the
quarantine study period, with no significant difference in
the visits per month between the groups for both in-person
visits (P = .43) or virtual visits (P = .87) during the
study period. The most common reasons for seeking care
ing reasons for A, Hospitalization. ^Pain flares including
r tachycardia, pulmonary stenosis. B, Visits to the emergency
iety. C, Primary care visits. ^Routine well-child visits and
ninfectious respiratory symptoms. ^^^Medication adjust-
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are summarized in Figure 3, A-C. There was no significant
difference in healthcare use between families with greater
(anxiety score >5) and lower (anxiety score £5) anxiety
scores (P > .05).

COVID-19 Exposure and Illness
Overall, 96 of 202 (47.5%) subjects knew someone who had
COVID-19; and 49 of 202 (24.3%) had a relative with
COVID-19. Seven of 202 (3.5%) patients had a direct
COVID-19 contact. A total of 118 of 202 (58.4%) patients
were tested for COVID-19 at one point during the study
period, and 4 of 118 (3.4%) tested positive, of whom 3
(75%) were patients with aerodigestive disease. Patients
also were asked if they had symptoms of COVID-19 but
were not tested (due to the paucity of testing availability at
the time of questionnaire administration), and 9 of 202
(4.5%) patients responded affirmatively to this question.
There was no significant difference in the rate of COVID-
19 testing between the cohort of patients with aerodigestive
disease (79/144, 54.9%) and those with FAP/motility disease
(39/58, 67.2%) (P = .12). COVID-19 positivity was more
prevalent among patients with aerodigestive disease (3/144,
2.1%) compared with patients with FAP/motility disorders
(1/58, 1.7%) but this did not reach statistical significance
(P = .68). All patients who tested positive COVID-19 were
symptomatic at the time of testing, symptoms that were re-
ported to be fever, cough, and/or nasal congestion. None of
the patients who tested positive were hospitalized, and all
recovered fully with supportive care. One patient required in-
crease of pulmonary medications for a mild exacerbation of
cystic fibrosis.

We investigated whether there was an association be-
tween medication use and likelihood of contracting
COVID-19. All 4 patients who tested positive for COVID-
19 were taking proton pump inhibitors (PPIs) at the time
of testing. The use of PPIs (P = .01) and inhaled steroids
(P = .04) was associated with testing positive for COVID-
19 (Table II; available at www.jpeds.com).

There were no significant associations with COVID-19
illness and race (P = .37), geographics (P = .07), living with
siblings younger than age 18 years (P = .55), having in-
home (P = .57) or out-of-home childcare (P = .56), comor-
bidities (neurologic [P = .33]), cardiac (P = .65), genetic
(P = .22), presence of aspiration (P = .23), or presence of a
feeding tube (P = .21).

Discussion

We show that respiratory symptoms improved and that use
of airway medication decreased in patients with aerodigestive
disease during quarantine with no change in gastrointestinal
symptoms.We found increased overall health-related anxiety
regardless of patient cohort during and at the end of,
compared with before, the quarantine period. Although
limited by the small number of patients who were COVID-
19 positive, we show an association of active PPI and inhaled
steroid use with COVID-19 positivity.
18
Our study shows that respiratory symptoms including
wheezing, chronic cough, and pneumonia decreased signifi-
cantly during quarantine among the patients in the aerodi-
gestive disease cohort. This is not surprising, given the
greater rate of chronic respiratory symptoms in this popula-
tion, the likelihood that patients were home-bound in the
setting of the quarantine, and the pervasive mask use, partic-
ularly in the Northeast of the US. Our results are supported
by other pediatric studies showing improved asthma control
with decreased asthma exacerbations during the lockdown.5,6

Overall improvement of health during quarantine was re-
ported in 26% of all patients, with a greater proportion of
improvement among the group of patients with aerodigestive
disease (37%) compared with the FAP/motility group
(3.7%), also reflecting the likely beneficial effect of having
less environmental triggers for respiratory symptoms in the
group of patients with aerodigestive disease.
About one-third (31.0%) of patients with FAP/motility dis-

orders experienced symptom exacerbation. These exacerba-
tions may be due to social isolation, less opportunities to use
coping strategies such as distraction, and limited access to
care, including psychological services, that occurred as the
pandemic continued. This contrasts with finding that patients
with disorders of the gut–brain interaction, such as irritable
bowel syndrome, showed that 57% had significant improve-
ment of all symptoms during the early quarantine period.7

We also found that health anxiety was high during the
pandemic, a finding that is consistent across other studies.8,9

We show no difference in anxiety between patients with aero-
digestive conditions vs functional gastrointestinal andmotility
disorders. It is possible that the reasons for increased anxiety
were different between the patients with aerodigestive disease
and FAP/motility populations. This may be due to the overall
increase in health-related anxiety across the population due to
having any chronic condition,4 or the increase in underlying
comorbid anxiety as frequently seen in patients with irritable
bowel syndrome.10 This study concluded in March 2021,
before the COVID-19 vaccine availability to the general public
or teenagers, which may have played a role in persistently high
levels of anxiety.
Of the 4 patients who had COVID-19 infections, none

were hospitalized. Symptoms of COVID-19 included cough,
fever, and nasal congestion, typical symptoms previously re-
ported in the pediatric population, as reported.11 Early in the
pandemic, chronic pulmonary disease was considered a risk
factor for severe disease, although more recent studies have
suggested that it does not increase morbidity or mortality
related to COVID-19.5,12 We also did not detect a statistically
significant difference in the incidence of COVID-19 in the
greater-risk patients with aerodigestive disease cohort
compared with patients with FAP/motility disorders.
We did find a possible association of PPI use with COVID-

19 positivity. Studies in adults early in the pandemic found
increased odds for a positive COVID-19 test (aOR 2.15
[95% CI 1.9-2.4] for once-daily dosing and an aOR of 3.67
[95% CI 2.9-4.6] for twice-daily dosing) when compared
with those not taking PPIs.13 Our findings suggest that acid
Beinvogl et al
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suppressionmay increase the risk of viral infections, although
this will require larger studies to confirm.14-20 This concept of
increased infection risk with acid suppression use is not
novel. The PPI-induced risk of bacterial pulmonary infec-
tions is thought to be related to bacterial dysbiosis, local
mucosal secretory alterations, and the anti-inflammatory ef-
fects of PPIs.14,21 In patients with aerodigestive disease in
whom aspiration is particularly common, the alteration of
the gastric micro-organisms with PPI use may be particularly
concerning.22 Although studies on acid suppression and
SARS-CoV-2 are conflicting, data in adults suggest that low
gastric pH £3 impairs the infectivity of a similar severe acute
respiratory syndrome coronavirus 1, compared with greater
gastric pH values, which did not inactivate the virus.23 This
may be relevant for COVID-19 because SARS-CoV-2 is
known to enter the body via both the respiratory and gastro-
intestinal systems.13,24,25 A meta-analysis of 8 studies pub-
lished by Yan et al found no difference in risk of COVID-
19 infection in adult patients on or off PPI therapy but sug-
gested that PPIs may have a role in progression to severe dis-
ease and secondary infections.13,26-30

We also found that receiving inhaled corticosteroids during
the pandemic was associated with COVID-19 positivity,
although again our data are limited, given the small number
of patients who were positive for COVID-19 in this cohort.
If the findings are confirmed in a larger studies, it would rein-
force the recommendations not to use steroids unless patients
are symptomatic with COVID-19 and requiring supplemental
oxygen.31-33 In symptomatic patients, steroids have been
shown to reduce coronavirus replication, reduce the risk of
acute respiratory distress syndrome, and improve pulmonary
function testing.34-39 Previous studies show that inhaled corti-
costeroids increase the risk of pneumonia and lower respira-
tory infections in adults with asthma.40 In vitro studies have
suggested that steroids can impair antiviral innate immune re-
sponses41,42 and that inhaled corticosteroids use may lead to
delayed virus clearance.43,44 Little is known about the risk of
contracting COVID-19 when using inhaled corticosteroids
because most of the studies focus on disease severity rather
than test positivity. A study of 77 676 adults conducted in
Spain showed a prevalence of 16.1% for inhaled respiratory
medication use among those who tested positive for SARS-
CoV2 compared with 8% in the overall study population,
although it is unclear whether these inhaled medications
included steroids. Further analysis in this large cohort showed
a hazard ratio of 1.41 (0.81-2.45) of contracting COVID-19
disease while on inhaled medications, adjusting for age, sex,
comorbidities, residence, and other medication use.45 In
contrast, a study of Korean adults showed only a 1.6% preva-
lence of inhaled corticosteroids use among those who tested
positive for COVID-19 with no significant association of
inhaled corticosteroids use and clinical outcomes.46 Finally, a
recent meta-analysis showed no increase for severe COVID-
19 disease, arguing that it is safe to continue inhaled corticoste-
roids use to control underlying disease.47

There are several limitations to our small study without a
healthy control group. We intended to determine the impact
Impact of Coronavirus Disease 2019 on the Pediatric Population
of COVID-19 on patients with aerodigestive disease, so we
chose 2 multidisciplinary clinics that see patients with
chronic neurogastroenterology diseases at a tertiary care cen-
ter. Not unexpectedly, the patients with aerodigestive disease
group, which has a greater prevalence of respiratory symp-
toms, were younger, which presents another limitation to
the comparison. The number of patients who tested positive
for COVID-19 was low, which limits the power of this study,
but even with low numbers, we still found significant associ-
ations. Our findings indicate the need for larger studies to
evaluate the effect of medications on COVID-19 infection
risk or viral illnesses in general. The low observed rate of pos-
itivity for COVID-19 among our cohort may be due to the
study having been conducted early in the pandemic, with
limited testing availability or due to the strict quarantine
measures, whereby children with chronic illness were espe-
cially sheltered during this time. Although we know the
testing rates were high in our population, we do not know
why patients were tested. Finally, the health-related anxiety
levels may be an underestimate because all patients were re-
cruited during an in-person visit, which may present a subset
with less-severe underlying medical conditions or less pa-
tient/parental anxiety and therefore more willing to come
for a clinic visit rather than meet via telemedicine.
In conclusion, the COVID-19 pandemic has had a signifi-

cant impact on pediatric patients with aerodigestive disease.
Although about one-half of patients had no change to their
overall health status, one-third experienced overall improved
health, including a decrease of respiratory symptoms. The
rate of COVID-19 positivity was low in this study cohort,
but all affected patients had a mild disease course and recov-
ered fully. There was a significant increase in overall health-
related anxiety reported by patients during and at the end
compared with before the quarantine period. n
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Table II. Association of COVID-19 positivity with medication use before and during quarantine (n = 202)

All (n = 202)

COVID-19+/
Med +

before n/n (%)
COVID-19+/

Med–Before n/n (%) P value*

COVID-19+/
Med +

During n/n (%)
COVID-19+/

Med–During n/n (%) P value*

H2 antagonist 2/32 (6.3) 2/170 (1.2) .12 1/30 (3.3) 3/172 (1.7) .48
PPI 3/55 (5.5) 1/147 (0.68) .06 4/61 (6.6) 0/141 (0.0) .01
Inhaled steroid 2/55 (3.6) 2/147 (1.4) .30 3/46 (6.5) 1/156 (0.6) .04
Swallowed steroid 0/17 (0.0) 4/185 (2.2) .70 1/21 (4.7) 3/181 (1.7) .36
Antihistamines 2/53 (3.8) 2/149 (1.3) .28 2/60 (3.3) 2/142 (1.4) .34
Montelukast 0/15 (0.0) 4/187 (2.1) .73 0/16 (0.0) 4/186 (2.2) .72
Cromolyn 0/1 (0.0) 4/201 (2.0) .98 0/1 (0.0) 4/201 (2.0) .98
Prokinetics 2/33 (6.0) 2/169 (1.1) .13 2/34 (5.9) 2/168 (1.2) .13
Albuterol 2/46 (4.3) 2/156 (1.3) .22 2/38 (5.3) 2/164 (1.2) .16
Antibiotics 2/53 (3.8) 2/149 (1.3) .28 2/47 (4.3) 2/155 (1.3) .23

COVID+, COVID-19 positive; Med+, patient on medication before/during quarantine; Med–, patient note on medication before/during quarantine.
Statistically significant values (P < .05) are shown in bold.
*Fisher exact test.
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