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Abstract: In 2017, Hurricanes Irma and Maria caused significant damage to the United States Virgin
Islands (USVI), heightening the challenges many residents faced in accessing adequate healthcare
and receiving recommended Zika virus screening services. To address this challenge, the USVI
Department of Health (DOH) requested technical assistance from the Centers for Disease Control and
Prevention (CDC), the Health Resources and Services Administration (HRSA), and the American
Academy of Pediatrics (AAP) to organize a health brigade to bring needed medical care to an
underserved population. It also established the development of important partnerships between
federal and private partners as well as between clinical providers and public health entities such
as the Epidemiology & Disease Reporting, Maternal Child Health (MCH), and Infant and Toddlers
Programs within the DOH, and local clinicians. This health brigade model could be replicated to
ensure recommended evaluations are delivered to populations that may have unmet medical needs
due to the complexity of the conditions and/or rural location.
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1. Introduction

Zika virus was first identified in 1947 in a rhesus monkey in Uganda. A link between Zika
virus infection and microcephaly was reported in October 2015 in Brazil, and by February 2016,
the World Health Organization (WHO) declared that Zika virus infection associated with microcephaly
constituted a Public Health Emergency of International Concern (PHEIC) [1]. Exposure to Zika virus
infection during pregnancy can cause serious defects of the brain and eye and has been associated with
neurodevelopmental abnormalities, such as seizures, joint contractures, swallowing difficulties, vision
impairments, and hearing loss, in infants [2,3].

Since the discovery of the virus, over 37,000 people have tested positive for Zika virus in the
US territories, 3930 of which were pregnant women [4]. In the United States Virgin Islands (USVI),
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approximately 290 infants have been born to mothers with confirmed or probable Zika virus infection
during pregnancy [5].

In 2017, Hurricanes Irma and Maria caused significant damage to USVI, heightening the challenges
many residents faced in accessing adequate healthcare and receiving recommended Zika virus screening
services. Pediatric specialty care in USVI is typically available through traveling providers, coordinated
through the USVI DOH and MCH offices, or adult providers who see children intermittently. Patients
also travel to see pediatric specialists outside the territory. As of January 2016, one pediatric neurologist
and one developmental pediatrician provided services to USVI; both traveled from outside the territory.
There were no pediatric ophthalmologists or audiologists serving the territory.

Due to the lack of access to pediatric specialty services to evaluate children born to mothers with
confirmed or probable Zika virus infection during pregnancy in USVI after the hurricanes, the USVI
DOH contacted the CDC for assistance with bringing pediatric specialty services to the territory to
evaluate children born to mothers with confirmed or probable Zika virus infection during pregnancy
in alignment with the clinical guidance [6]. A health brigade model was determined to be an effective
means of bringing pediatric specialists to provide screening services. This model has been used in many
countries for decades to temporarily bring healthcare providers and in some cases prolonged medical
care to those with lack of access. [7,8] The pediatric specialists provided age-appropriate screenings
(i.e., neurological, vision, developmental, and hearing) consistent with the Centers for Disease Control
and Prevention’s (CDC) interim guidance on the diagnosis, evaluation, and management of infants
exposed to Zika virus infection during pregnancy [6].

In March 2018, the USVI DOH, with support from CDC, the Health Resources and Services
Administration (HRSA), and the American Academy of Pediatrics (AAP), conducted a health brigade
to deliver these screenings. HRSA and USVI DOH are continuing to collaborate on ways to sustainably
bring pediatric specialty providers to the islands intermittently to continue follow-up care.

2. Materials and Methods

Working with the AAP, the CDC recruited pediatric specialty providers to conduct recommended
follow-up screening for children born to mothers with confirmed or probable Zika virus infection
during pregnancy. Pediatric specialists included neurologists, audiologists, ophthalmologists, and
developmental pediatricians, as well as child life specialists.

2.1. Recruitment of Families

The USVI DOH tracks cases of pregnant women testing positive for Zika virus and their children
and provided initial contact information for outreach to these women. To broadly reach families who
may have been impacted by Zika virus infection during pregnancy, communication techniques such as
radio and social media advertisements, flyers, and provider engagement were used to disseminate
information about the health brigade. These communication techniques also provided instructions
about how to schedule appointments for the free and voluntary evaluations and screenings.

Provider outreach consisted of USVI and CDC staff visiting local pediatric offices and sharing
printed flyers about the health brigade. The flyer included a toll-free number and dates and locations
of the brigade, as well as a description of the pediatric screenings that would be conducted. Local
pediatric providers were encouraged to inform their patients of the upcoming event, share flyers with
the families, and encourage them to attend with their children.

2.2. Recruitment of Providers

Based on the clinical guidance for infants born to mothers with confirmed or probable Zika virus
during pregnancy, pediatric specialists were recruited to provide the recommended evaluations and
screenings [6,9–11]. The AAP and HRSA recommended specific pediatric specialty providers with
experience working with infants affected by Zika virus and delivering health education to families.
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Providers traveled from across the United States and volunteered their time to participate in the
health brigade.

Recruitment efforts took into consideration many conflicting schedules when planning the health
brigade. To address these challenges, recruitment for physicians was initiated 90 days prior to the
health brigade to allow enough time to adjust clinic schedules and staffing. Additionally, providers
could participate in the health brigade in part or in its entirety based on their availability.

Providers were required to hold a USVI institutional medical license to practice in the territory.
The medical licenses were processed using an emergency use mechanism and were valid for the
duration of the health brigade. The home institutions for the specialty providers allowed continued
medical malpractice insurance coverage for this time period.

Two certified child life specialists participated in the health brigade to provide emotional support
to the children and their families. Activities were developed to help the infants and their families cope
with the stress and anxiety of the screenings.

Local providers in the territory caring for these infants were invited to participate in an educational
session on pediatric neurologic examinations. As an incentive to participate, local physicians and
nurses were offered continued education (CE) credit for attending the lecture. The providers were also
encouraged to participate in the health brigade screenings for their patients.

2.3. Clinical Model

The health brigade was held in the MCH clinics on both St. Thomas and St. Croix. During the
planning phase, DOH and CDC staff toured the clinic facilities, reviewed the functional layout to
inform the health brigade set-up, and photographed existing supplies and equipment to create an
itemized inventory. The MCH medical buildings included examination rooms, medical equipment,
and administration space. Pediatric specialty providers remotely reviewed the equipment inventory
and identified additional critical specialty equipment required to complete the anticipated screenings,
such as ophthalmology and audiology equipment [10,11]. Pediatric specialty providers, the CDC,
and partner organizations contributed equipment. The CDC provided financial support through a
cooperative agreement and contractual support.

On patient arrival to the health brigade, a nursing assistant was available to help families complete
the consent form and additional patient forms (health history form, developmental screening forms)
and to take growth parameter measurements. In order to ensure appropriate techniques were used, a
refresher training for growth parameter measurements was given prior to the brigade [12]. Support staff

assisted with translation for families who spoke Spanish or Haitian Creole. A structured step-by-step
process was developed to guide families through the health brigade’s activities, from intake to
screening completion. The process included initial intake, developmental assessment using Ages
& Stages Questionnaires, Third Edition (ASQ-3), Ages & Stages Questionnaires: Social-Emotional,
Second Edition (ASQ:SE-2), and the Modified Checklist for Autism in Toddlers, Revised (M-CHAT-R),
neurodevelopmental screening performed by neurologists, audiological screening using auditory
brainstem response (ABR) and otoacoustic emissions (OAE), behavioral audiometry evaluation
depending on the patient’s age and level of cooperation, and an ophthalmologic eye examination to
assess ocular structure and visual function. Each child was seen by all specialties in varying order
depending on the physical layout of each clinic. As families proceeded through the clinic, they received
support from nursing assistants, nurses, child life specialists, and other DOH volunteers.

As part of checkout, to evaluate parents’ satisfaction with the health brigade, a survey was given
about the health brigade clinical experiences, including scheduling, participating, and clinical care and
about parental interactions with the child life specialists who assisted with siblings and comforted
parents and patients throughout the long clinic day. Each chart was reviewed for medical record
completeness and to ensure all needed examinations were performed prior to the families leaving the
clinic. The families received a summary of their visit (including examinations performed and any
specialty or recommended follow-up referrals). Families also received resources and tools from the
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“Learn the Signs. Act Early.” program so parents can participate in tracking developmental milestones
of their infant [13].

3. Results

Four staff conducted over 500 phone calls over a two-month time period prior to the brigade and
connected with 148 families with children born to mothers exposed to Zika virus during pregnancy
who were at the greatest risk for adverse outcomes. Thirteen pediatric specialty providers traveled to
USVI and worked with 17 CDC, DOH, and MCH staff for a total of 30 personnel working 4200 h in the
planning and execution of the Zika health brigade.

Recommended screenings were performed for 88 children born to mothers exposed to Zika virus
during pregnancy [14]. Follow-up services were recommended for 62 patients, including services
to pediatric audiology, neurology, ophthalmology, developmental pediatrics, early intervention
services, or the Infant and Toddlers Program [14]. Thirty patients were referred to more than one
follow-up service.

As part of their feedback, parents responded overall that they felt the health brigade was useful.
Of note, 97% of parents shared that they valued working with the child life specialists, in particular,
who provided support and distraction for the patients during the examinations and support for siblings
and parents during the clinic day.

4. Discussion

The successful execution of this health brigade emphasized the importance of improved access to
pediatric specialty providers and provision of recommended screenings for infants born to mothers
with confirmed or probable Zika virus infection during pregnancy.

There are several important practical lessoned learned from this experience. First, existing
healthcare facilities, in this case the MCH clinics, were an appropriate clinic space to modify to host
a health brigade. Adequate space was essential for some specialty procedures, in particular for the
audiologists who required the use of an audiometric booth to perform the hearing screenings for
children of various ages.

Second, planning ahead was critical to allow adequate time to work through complex logistics,
recruitment of specialty and local providers and staff, and promotion of the event throughout
the community.

Third, because of the breadth of services provided, an efficient clinical flow was necessary for
patients to receive all services in a timely manner. A streamlined consent form ensured check-in ran
smoothly. It was important to identify specialty exams that required a longer length of time so that
schedules could account for those times to avoid delays during the screenings.

Fourth, adequate translation services were needed for patients who spoke a variety of languages.
Despite having Spanish and Haitian Creole translators available, we found there were more patients
who needed translation services than the translators’ time could accommodate.

Fifth, there were many challenges with communication. Multiple outreach efforts were necessary
for recruitment. As noted, many families heard about the health brigade from their primary care
provider and were more likely to attend if the invitation came from a trusted source. It was important,
during this clinic, to clearly communicate recommended follow-ups and referrals directly to the families.
Furthermore, the development of a clear communication channel between health brigade specialty
providers and subsequent care providers was essential to convey the need for recommended follow-ups.

The CDC and USVI continue to collaborate to follow up children born to mothers with confirmed
or probable Zika virus infection during pregnancy. HRSA and USVI DOH are developing a sustainable
model to bring pediatric specialty providers to USVI periodically to continue to screen the patients
seen during the health brigades as well as those that were unable to attend and met the criteria for
inclusion. One of the pediatric specialists that attended the health brigade now returns quarterly to
continue follow-up care of the infants. The staff education given during the brigade planning phase
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such as head circumference measurement refreshers and neurodevelopmental form training continues
to be used in the two clinics.

Telemedicine has been explored as a potential solution for providing access to specialty pediatric
care but has not been implemented. Many of the screenings require close coordination and planning
because the evaluations are intensively hands-on, e.g., ophthalmologic examination. Furthermore,
the telecommunications infrastructure within USVI is unstable, especially following natural disasters
like hurricanes when communication via phone and internet may be unavailable.

5. Conclusions

The health brigade model is a useful tool for any disaster-affected region or underserved areas
with limited access to adequate healthcare [15]. The relationships fostered during this health brigade
may improve future relationships and communication between stakeholders to improve care for
infants exposed to Zika virus during pregnancy and other children with special healthcare needs.
Better stakeholder communication may ultimately improve access to care for all children in the territory.
This approach can be used in the future for patients with either specific medical conditions with
limited access to specialty screenings or for patients with limited access to care due to disaster or
rural conditions.

Author Contributions: Conceptualization, S.G.-C. and S.N.F.; methodology, R.R.G., L.B.-S., L.D., A.P.; formal
analysis, M.R.R., D.S., B.H.; resources, A.H.; writing—original draft preparation, S.G.-C., S.N.F.; writing—review
and editing, M.R.R., C.A.M., E.M.E.; funding acquisition, S.N.F. All authors have read and agreed to the published
version of the manuscript.

Funding: Pediatric specialty providers, CDC, and partner organizations contributed equipment. CDC provided
financial support through a cooperative agreement and contractual support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. The History of Zika Virus. Available online: www.who.int/emergencies/zika-virus/timeline/en/ (accessed on
5 August 2019).

2. Rasmussen, S.A.; Jamieson, D.J.; Honein, M.A.; Petersen, L.R. Zika Virus and Birth Defects—Reviewing the
Evidence for Causality. N. Engl. J. Med. 2016, 374, 1981–1987. [CrossRef] [PubMed]

3. Moore, C.A.; Staples, J.E.; Dobyns, W.B.; Pessoa, A.; Ventura, C.V.; Da Fonseca, E.B.; Ribeiro, E.M.;
Ventura, L.O.; Neto, N.N.; Arena, J.F.; et al. Characterizing the Pattern of Anomalies in Congenital Zika
Syndrome for Pediatric Clinicians. JAMA Pediatr. 2017, 171, 288–295. [CrossRef] [PubMed]

4. Shapiro-Mendoza, C.K.; Rice, M.E.; Galang, R.R.; Fulton, A.C.; VanMaldegham, K.; Prado, M.V.; Ellis, E.;
Anesi, M.S.; Simeone, R.M.; Peterson, E.E.; et al. Pregnancy Outcomes After Maternal Zika Virus Infection
During Pregnancy—U.S. Territories, 1 January 2016–25 April 2017. MMWR Morb. Mortal. Wkly. Rep. 2017,
66, 615–621. [CrossRef] [PubMed]

5. Zika Weekly Surveillance Report U.S. Virgin Islands Department of Health. Available online: https:
//doh.vi.gov/sites/default/files/zika/061218_ZikaReport.pdf (accessed on 25 August 2020).

6. Adebanjo, T.; Godfred-Cato, S.; Viens, L.; Fischer, M.; Staples, J.E.; Kuhnert-Tallman, W.; Walke, H.;
Oduyebo, T.; Polen, K.; Peacock, G.; et al. Update: Interim Guidance for the Diagnosis, Evaluation,
and Management of Infants with Possible Congenital Zika Virus Infection—United States, October 2017.
MMWR Morb. Mortal. Wkly. Rep. 2017, 66, 1089–1099. [CrossRef] [PubMed]

7. Martiniuk, A.L.; Adunuri, N.; Negin, J.; Tracey, P.; Fontecha, C.; Caldwell, P. Primary care provision by
volunteer medical brigades in Honduras: A health record review of more than 2500 patients over three years.
Int. J. Health Serv. 2012, 42, 739–753. [CrossRef] [PubMed]

8. Kasis, I.; Lak, L.; Adler, J.; Choni, R.; Shazberg, G.; Fekede, T.D.; Shoshani, E.; Miller, D.; Heyman, S. Medical
relief operation in rural northern Ethiopia: Addressing an ongoing disaster. Isr. Med. Assoc. J. 2001, 3,
772–777. [PubMed]

www.who.int/emergencies/zika-virus/timeline/en/
http://dx.doi.org/10.1056/NEJMsr1604338
http://www.ncbi.nlm.nih.gov/pubmed/27074377
http://dx.doi.org/10.1001/jamapediatrics.2016.3982
http://www.ncbi.nlm.nih.gov/pubmed/27812690
http://dx.doi.org/10.15585/mmwr.mm6623e1
http://www.ncbi.nlm.nih.gov/pubmed/28617773
https://doh.vi.gov/sites/default/files/zika/061218_ZikaReport.pdf
https://doh.vi.gov/sites/default/files/zika/061218_ZikaReport.pdf
http://dx.doi.org/10.15585/mmwr.mm6641a1
http://www.ncbi.nlm.nih.gov/pubmed/29049277
http://dx.doi.org/10.2190/HS.42.4.i
http://www.ncbi.nlm.nih.gov/pubmed/23367802
http://www.ncbi.nlm.nih.gov/pubmed/11692556


Trop. Med. Infect. Dis. 2020, 5, 168 6 of 6

9. Council on Children with Disabilities; Section on Developmental Behavioral Pediatrics; Bright Futures
Steering Committee; Medical Home Initiatives for Children with Special Needs Project Advisory Committee.
Identifying infants and young children with developmental disorders in the medical home: An algorithm for
developmental surveillance and screening. Pediatrics 2006, 118, 405–420, Correction in 2006, 118, 1808–1809.
[CrossRef] [PubMed]

10. American Academy of Pediatrics; Joint Committee on Infant Hearing. Year 2007 Position Statement:
Principles and Guidelines for Early Hearing Detection and Intervention Programs. Pediatrics 2007, 120,
898–921. [CrossRef] [PubMed]

11. Zin, A.A.; Tsui, I.; Rossetto, J.; Vasconcelos, Z.; Adachi, K.; Valderramos, S.; Halai, U.-A.; Pone, M.V.D.S.;
Pone, S.M.; Filho, J.C.B.S.; et al. Screening Criteria for Ophthalmic Manifestations of Congenital Zika Virus
Infection. JAMA Pediatr. 2017, 171, 847–854. [CrossRef] [PubMed]

12. CDC’s Response to Zika Measuring Head Circumference. Available online: https://www.cdc.gov/zika/pdfs/
microcephaly_measuring.pdf (accessed on 2 August 2020).

13. Learn the Signs. Act Early. Available online: https://www.cdc.gov/ncbddd/actearly/index.html (accessed on
2 April 2019).

14. Hillman, B.; Petersen, D.N.; Galang, R.R.; Godfred-Cato, S.; Mayers, C.; Thomas, Y.; Prosper, A.; Hawley, J.;
Halbert, M.; Noe, M.; et al. 2018 U.S. Virgin Islands Zika health brigade: Providing recommended pediatric
health screenings for infants born to mothers with laboratory evidence of Zika virus exposure during
pregnancy. Birth Defects Res. 2019, 111, 360–362. [CrossRef] [PubMed]

15. Bertolli, J.; Holbrook, J.; Dutton, N.D.; Jones, B.; Dowling, N.F.; Peacock, G. Readiness for an Increase in
Congenital Zika Virus Infections in the United States: Geographic Distance to Pediatric Subspecialist Care.
Disaster Med. Public Health Prep. 2018, 13, 476–486. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1542/peds.2006-1231
http://www.ncbi.nlm.nih.gov/pubmed/16818591
http://dx.doi.org/10.1542/peds.2007-2333
http://www.ncbi.nlm.nih.gov/pubmed/17908777
http://dx.doi.org/10.1001/jamapediatrics.2017.1474
http://www.ncbi.nlm.nih.gov/pubmed/28715527
https://www.cdc.gov/zika/pdfs/microcephaly_measuring.pdf
https://www.cdc.gov/zika/pdfs/microcephaly_measuring.pdf
https://www.cdc.gov/ncbddd/actearly/index.html
http://dx.doi.org/10.1002/bdr2.1486
http://www.ncbi.nlm.nih.gov/pubmed/30856278
http://dx.doi.org/10.1017/dmp.2018.77
http://www.ncbi.nlm.nih.gov/pubmed/30139407
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Recruitment of Families 
	Recruitment of Providers 
	Clinical Model 

	Results 
	Discussion 
	Conclusions 
	References

