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Background: Recruitment for research studies is a challenging
endeavor that was further complicated by the coronavirus
disease 2019 pandemic. We launched a new multicenter birth
cohort, Childhood Allergy and the NeOnatal Environment
(CANOE), supported by the National Institutes of Health in
January 2020 across 4 sites. Although the pandemic temporarily
halted clinical research, we restructured the study and
instituted novel recruitment methods that we hypothesized
would enable brisk enrollment when research activities
resumed.
Objective: We sought to develop protocol modifications and
recruitment methods that promote successful recruitment of
diverse populations in clinical research despite a global
pandemic.
Methods: Even though study activities were suspended, we
modified recruitment strategies to limit in-person contact,
shifting toward alternative HIPAA-compliant methods such as
clinician referrals, institutional social media, and telemedicine
screening and consent procedures. Protocol changes included
reducing the frequency of in-person visits, leveraging clinical
care visits to collect biospecimens, expanded self-collection of
samples at home, and making study materials available online.
Results: Remote methods, including targeted social media posts,
mailed letters, and email, combined with in-clinic recruitment
with modifications for social distancing led to successful
recruitment at all sites. Rates of consent have been similar
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across recruitment sites, with the highest rates of enrollment of
mother-infant dyads realized by sites that implemented multiple
recruitment strategies.
Conclusions: Study procedures that prioritize health and safety
measures such as social distancing, study participant
convenience, and use diverse recruitment strategies enable
successful enrollment of pregnant women and their newborns
into clinical research while adhering to public health
restrictions during a global pandemic. (J Allergy Clin Immunol
Global 2024;3:100270.)
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The arrival of the coronavirus disease 2019 (COVID-19) global
pandemic in early 2020 affected all aspects of the academic and
health care mission. Patient care and delivery, health care worker
training and education, and medical research were affected in
significant and unanticipated ways.1-3 Efforts to limit virus spread
led to a halt for most clinical research activity as essential health
care was prioritized.4-8 Before the start of this pandemic, in
January 2020, we had launched a new observational birth cohort
study called the Childhood Asthma and the NeOnatal Environ-
ment (CANOE) at 4 large medical centers and their universities
across the United States. CANOE focuses on identifying early-
life causes of allergic diseases, and the study is fully integrated
into the Environmental Influences on Child Health Outcomes
(ECHO) program of the National Institutes of Health (NIH).
ECHO is a largemulticenter birth cohort consortium that includes
69 additional cohorts focused on identifying early-life environ-
mental determinants for diseases in 5 main outcome areas: airway
biology, obesity, perinatal outcomes, neurocognitive develop-
ment, and positive health.

About 1month after study launch, all CANOE clinical research
activities were suspended for 9 months at the 4 participating sites.
During that time, CANOE research staff redesigned the study
protocol to facilitate patient participation and recruitment when
research activity resumed while also adhering to public health
recommendations during the ongoing pandemic. These efforts
enabled enrollment into CANOE despite ongoing pandemic
restrictions and have provided strategies that may be used to
enhance recruitment of any clinical study even during non-
pandemic times. Even before the pandemic, there have been trials
of remote ways to engage research participants and address
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Abbreviations used

CANOE: Childhood Allergy and the NeOnatal Environment

COVID-19: Coronavirus disease 2019

ECHO: Environmental Influences on Child Health Outcomes

NIH: National Institutes of Health
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barriers to research participation, such as distance and trans-
portation, personal illness or decreased mobility, and work and
childcare responsibilities.9 The COVID-19 pandemic gave re-
searchers, including us, the opportunity to focus efforts on some
of these virtual research methods and to reduce the risk of virus
transmission while facilitating patient participation. This article
describes the steps taken and the results of relaunching clinical
research safely while following public health guidance and pro-
moting patient participation during a challenging time.
METHODS

Study overview
The goal of the CANOE birth cohort is to identify and

understand early-life risk factors for developing childhood
allergic diseases and asthma. To accomplish this goal, we aimed
to enroll pregnant women before delivery, enroll the infant at
birth, and then follow the family prospectively through the
infant’s first 3 years of life.

This study was designed to identify early-life environmental
exposures that modify nasal mucosal immune development and
the risk of allergic diseases. The primary study hypothesis is that
airway cell gene expression profiles measured between birth and
age 4 months are associated with subsequent development of
early aeroallergen sensitization and recurrent wheeze. In addition,
we hypothesize that environmental exposures (eg, microbes and
allergens) during the prenatal and early postnatal period will
modify patterns of nasal epithelial cell gene expression and the
risk for developing recurrent wheeze and early aeroallergen
sensitization (Fig 1). The primary and secondary outcomes are
provided in Table E1 (in the Online Repository available at
www.jaci-global.org).

The CANOE birth cohort and its procedures have been
approved by the institutional review boards and research ethics
committees at each participating site. All study procedures have
been performed in accordance with the Declaration of Helsinki.
Informed consent to participate in the study was obtained from all
participants.
Recruitment
Patient recruitment was launched and has been ongoing at 4

large academic medical centers: Henry Ford Health (Detroit,
Mich), Washington University (St Louis, Mo), University of
Wisconsin (Madison, Wis), and Vanderbilt University (Nashville,
Tenn). Locations were chosen to be inclusive of varying de-
mographic characteristics including race and ethnicity and pop-
ulation density. Inclusion criteria are expectant mothers 18 years
or older planning to deliver at a study site or affiliated hospital,
and the expected child with at least 1 biological parent or sibling
with asthma, allergic rhinitis, or atopic dermatitis. Exclusion
criteria are maternal HIV infection at time of delivery, non–
English-speaking, maternal receipt of progesterone during
pregnancy to prevent preterm birth, infant birth at less than 34
weeks of gestation, and known or planned family relocation away
from study site during the study period. Before the COVID-19
pandemic, we planned that the primary recruitment method
would be in person, with potential study participants to be
identified and approached through obstetrics and gynecology
clinics associated with the study site hospitals.
Study visits and procedures
The original study protocol consisted of 15 total points of

contact: 8 in person and 7 via telephone. Once consented into the
study, expectant mothers begin with a prenatal visit; following
this and after the infant’s birth, the additional points of contact are
scheduled and include questionnaires, infant examination, and
biospecimen collection occurring intermittently throughout the
3-year study period. Examples of collected biospecimens include
nasal swab, nasal filter paper, skin swab, stool sample, peripheral
blood, and urine (Table I). Questionnaires collect information
about demographic characteristics, environmental exposures,
medications, prenatal history, pets, and diet. Additional informa-
tion collected includes Patient-Oriented Eczema Measure10 and
SCORing Atopic Dermatitis11-14 scores along with infant anthro-
pomorphic measurements and physical examination findings.
Table E2 (in the Online Repository available at www.jaci-
global.org) lists the study visit and sample collection schedule
of the original CANOE study protocol.
RESULTS

The study protocol redesign process
When all research activities were halted because of the

COVID-19 global pandemic 1 month after the launch of
CANOE, study investigators realized that there would be new
challenges to recruitment and study participation for an un-
known duration of time. With the intent of redesigning the
CANOE study protocol to accommodate pandemic-related
restrictions to clinical research activities, we conducted an
online survey and focus groups with potential participants. We
solicited this feedback to understand patient attitudes, opinions,
preferences, and barriers regarding participation in a research
study during the COVID-19 pandemic.
Stakeholder engagement
A group of 50 pregnant women participated in an online survey

and/or virtually conducted focus group. Although most women
(74%) stated that they would still participate in a research study
during the pandemic, many participants had additional conditions
or preferences to be able to do so. For example, procedures such as
masking, cleaning and sanitizing equipment, telemedicine, and
physical distancing were reported as ways to make study
participation acceptable and feasible. In addition, almost half
the women surveyed (47%) stated that they would not be willing
to participate in research studies in a hospital setting during the
pandemic and that no procedures would make them comfortable
doing so. Most women surveyed (75%) indicated greater comfort
with completing research-related activities at their primary care
provider’s or pediatrician’s office. Finally, 88% of the surveyed
women stated that they would be willing to participate in
a research study if the required biologic samples could be

http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org


TABLE I. Biospecimen samples collected in the CANOE birth

cohort study

Maternal samples Infant samples

Placenta Cord blood

Blood Blood

DNA DNA

Toenail clipping Toenail clipping

Hair Hair

Urine Urine

Stool Stool

Skin swab Skin swab

Breast milk Nasal swab, mucus, and filter paper

FIG 1. Conceptual model and hypothesis of CANOE birth cohort study.
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self-collected at home. Therefore, we sought to redesign the
protocol and study methods to address stakeholder concerns. We
hypothesized that (1) providing home collection and virtual visits
when feasible would allow for successful recruitment despite a
global pandemic and (2) flexibility and virtual options would
promote enrollment of minoritized populations.
Redesigning the study protocol
In light of public health guidance and the feedback from

potential participants, the CANOE study protocol was rede-
signed. Several key changes were intended to facilitate study
recruitment and enrollment when research activities resumed.
Specifically, virtual and electronic consent procedures were
designed and then implemented, whereas in-person consent
practices were restricted because of the pandemic. This strategy
allowed participants to talk to study staff via telephone or video
conferencing, ask questions about the study, undergo eligibility
screening, and sign informed consent forms via an electronic
platform, DocuSign (https://go.docusign.com).

In addition, we combined some study visits with existing
clinical encounters or converted them to virtual visits to reduce
face-to-face interactions and comply with social distancing
recommendations as part of COVID-19 pandemic policies and
guidelines. For example, we added a birth visit while enrolled
mothers and their newborn babies were already in the hospital to
assess the perinatal/postnatal period. At this visit, study staff
(including collaborating hospital neonatologists and pediatri-
cians) collected various samples from the mother and the baby,
including placenta, cord blood, meconium/stool, skin swabs,
nasal swabs, and a transepidermal water loss measurement,
without requiring a separate or additional face-to-face encounter
after hospital and nursery discharge (as was initially designed
in the study protocol). With the addition of this birth visit, the
2-month visit, originally intended to be in person, was converted
to a telephone/virtual visit. We aimed to enhance enrollment,
including in minoritized populations, by addressing stakeholder
concerns and easing the burden on participants.

Furthermore, we revised sample collection protocol to remove
aerosolized procedures (eg, nasal wash) and encouraged home
collection of select samples (eg, stool). Although home collection
of biospecimens was an option in the original study, we put
greater emphasis on home collection in the revised protocol by
developing additional collection instructions and providing home
collection kits and equipment to all participants (via mail or
provided at one of the in-person visits). Again, this reduced in-
person interactions and improved the safety and convenience of
biospecimen collection for the study participants.

Finally, across all sites, Amazon Kindle tablets were given as
a retention gift and resource for data collection (see Fig E1 in
this article’s Online Repository at www.jaci-global.org). This al-
lowed participants to access study materials in an electronic
format from home. Some sites provided the tablet directly after
consent procedures, whereas others opted to give them later as
an incentive at a clinic visit. In addition, women who lacked
reliable wi-fi were provided hot spots to ensure internet access
would not limit participation. Two women received hot spots.
To promote equity, we did not want lack of internet access to
affect enrollment. Key changes to the protocol are summarized
in Table II (see also Table E3 in this article’s Online Repository
at www.jaci-global.org).
Study relaunch and recruitment during a global

pandemic
The revised protocol was approved by site institutional review

boards on October 16, 2020, and research activities and
recruitment were reinitiated at each site in the following months
as each institution permitted clinical research to restart. Targeted
recruitment for this birth cohort at its launch was 500 mother-
infant dyads. Recruitment concluded on October 1, 2022, with the
total recruitment duration equaling 24 months following study
relaunch. At recruitment close, 573 mothers had been enrolled,
with 482 consented and actively participating in the study. At
enrollment close, 416 babies had been born to the consented
mothers, with births continuing.

Along with traditional recruitment methods, such as flyers and
in-clinic eligibility screening, we have used many additional
recruitment strategies. These strategies complement the protocol
changes to adhere to public health and safety recommendations
during the pandemic. Examples of multimodal recruitment
methods that have increased research study participation include

https://go.docusign.com
http://www.jaci-global.org
http://www.jaci-global.org


TABLE II. Summary of key protocol changes after COVID-19 redesign process

Initial protocol Key changes

Many visits (8) required return to hospital setting in person Two visits converted to virtual/telephone or combined with preexisting

medical encounters (birth of child)

Sample collection in person with optional home collection Emphasis on home sample collection by participants, including nail

clippings, hair, urine, stool, nasal filter paper, and home dust

Collection equipment/instructions provided

Aerosolized procedures/nasal washing sample collection Aerosolized procedures removed

Nasal washing sample collection removed

Study materials and requirements reviewed/completed in person Virtual consent procedures and electronic signature

Online access to study materials, with participants given an Amazon

Kindle device to be able to access study materials

Study surveys and procedures fulfilled virtually whenever possible

and preferred by patient/family

FIG 2. Percentage of enrolled mothers by recruitment method across all sites and by each site until

enrollment was closed. HFHS, Henry Ford Health; UWIM, University of Wisconsin-Madison; VAUN, Vander-

bilt University; WUSL, Washington University, St Louis.

J ALLERGY CLIN IMMUNOL GLOBAL

AUGUST 2024

4 AFSHAN ET AL
mailing ‘‘congratulations’’ letters to pregnant women in the health
system (see Fig E2 in this article’s Online Repository at www.
jaci-global.org), telephone calls, emails, and targeted social me-
dia and website posts that include Twitter, Facebook, Instagram,
and maternal health/pregnancy-related blogs (see Fig E3, A-C, in
this article’s Online Repository at www.jaci-global.org). In addi-
tion, both print and electronic materials featuring QR codes allow
potential and enrolled participants to access the study website and
information in a touchless fashion (see Fig E4, A and B, in this ar-
ticle’s Online Repository at www.jaci-global.org).

The various recruitment methods differ slightly across indi-
vidual sites, ultimately tailored to each site on the basis of the
specific institutional policies and local community preferences
and resources; thus, each site has their own ‘‘portfolio’’ of recruit-
ment methods. For example, some sites use telephone calls to po-
tential participants as a method of recruitment, whereas others do
not because of institutional policies. Similarly, the research staff
at some sites, but not others, are able to visit partnered obstetrics
and gynecology clinics in person to directly recruit mothers into
the study. The ability to use institutional social media to advertise
the study also varies by site. Ultimately, despite these differences,
recruitment at each site has been robust. Fig 2 shows the percent-
age of enrolled mothers by recruitment method overall across all
sites and at each site.
Enrollment
Through the changes described, we were successful in

recruiting 573 pregnant women across 4 cities, with diverse
race and ethnicity of enrolled families, despite a global
pandemic and public health guidance (including physical
distancing) (Table III). Of note, we overenrolled to replace
families that discontinued the study because of predefined
exclusion criteria, such as premature birth or health issues in
infants, or to replace mothers who dropped out early in the
study. We currently have a very high retention rate of 93.6%
of target mothers currently enrolled and 94.6% of the target
number of children still enrolled. In addition, our birth cohort
study enrollment was diverse, including 16.8% who self-
identified as Black, 4.7% who self-identified as Asian, 1.4%
American Indian/Alaska Native, and 3.5% Hispanic/Latino
participants. Participants were willing to enroll despite the

http://www.jaci-global.org
http://www.jaci-global.org
http://www.jaci-global.org
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TABLE III. Characteristics of pregnant women consented into

CANOE

Characteristics n (%)

Age (y)

18-24 54 (9.4)

25-29 103 (17.9)

30-34 220 (38.3)

35-39 166 (28.9)

401 31 (5.4)

Unknown/not reported 0 (0)

Race

American Indian/Alaska Native 9 (1.5)

Asian 29 (4.9)

Black 195 (17.8)

Native Hawaiian/Pacific Islander 0 (0)

White 317 (53.7)

Other 4 (0.7)

Unknown/not reported 126 (21.4)

Ethnicity

Hispanic/Latino 22 (3.8)

Not Hispanic/Latino 429 (74.7)

Unknown/not reported 123 (21.4)

Parity

G1 149 (26.0)

G2 98 (17.1)

G31 134 (23.4)

Unknown 193 (33.5)

Total consents exceed current enrollment because overenrollment occurred to replace

mothers who were removed from the study (because of prematurity, other health

issues, etc) or who dropped out. Race numbers are higher than age/ethnicity because

participants could choose more than 1 race.

FIG 3. Number of stressors reported among enrolled pregnant women.

Stressors assessed included health concerns, impact on work, impact on

child/children, impact on community, impact on family, access to food,

access to baby supplies, access to personal care products/household

supplies, access to medical care including mental health care, social

distancing, and quarantine.

FIG 4. Mother-infant dyad enrollment across all sites over time until

enrollment was closed.
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complexity of the study and accepted a combination of home
and in-person collection of samples and virtual and in-person
visits. These strategies may aid recruitment and retention in
future studies. In addition, this flexibility may help recruit
diverse study populations.

We next asked enrolledmothers to indicatewhether various life
stressors were present in their lives. Life stressors assessed
included health concerns; financial concerns; impact on work
and family; access to food, baby supplies, and personal/household
supplies; access tomedical care; social distancing; and quarantine
(see Table E4 in this article’s Online Repository at www.jaci-
global.org). We were successful in recruiting pregnant women
despite a high number of life stressors, with 43.3% of participants
reporting 4 or more stressors (Fig 3). Ninety-nine percent of par-
ticipants reported at least 1 stressor. Thus, we were successful in
recruiting a diverse participant population despite an ongoing
pandemic and a high number of life stressors.
DISCUSSION
The CANOE birth cohort study protocol is an example of a

complex, longitudinal, and observational research study that
includes extensive biospecimen collection, many questionnaires,
and a 3-year commitment from participants and their families. The
redesigned protocol has maintained rich collection of prenatal and
postnatal data elements while accommodating study participants’
preferences and adhering to public health and safety guidelines
during the COVID-19 pandemic. Furthermore, diverse recruitment
strategies across the 4 sites have proven successful, with excellent
enrollment and retention of study participants despite the ongoing
pandemic, subsequent infection ‘‘waves,’’ and waxing and waning
public health recommendations. By altering the protocol to include
virtual and touchless options for research study visits, sample
collection, and information-seeking as well as launching and
leveraging novel and varied recruitment strategies, we were suc-
cessfully meeting recruitment goals for the CANOE study during
a global public health emergency. These experiences demonstrate
that restructuring methods of recruitment and study visits can
enable successful perinatal research despite unprecedented
changes in the academic and health care environment during the
global pandemic (Figs 3 and 4).

Finally, now that the CANOE study population has achieved
full enrollment, we will further examine additional implications
of conducting research during the pandemic. We will examine
specific recruitment strategies and their success as potentially
related to factors such as patient experiences during the
pandemic, vaccination availability and status, and other social
and logistical barriers to better understand how to prioritize equity
in research participation. In addition, given the many changes that
occurred during protocol redesign and relaunch, we will deter-
mine how CANOE implementation and participation were
viewed from the perspective of research staff and participants.
We hope that the processes described in this article and additional

http://www.jaci-global.org
http://www.jaci-global.org
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information from future analyses of our completed cohort will
help inform the design of future research activities.
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