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Abstract

On September 6 and 20, 2017, Hurricanes Irma and Maria made landfall as major hurricanes

in the US Caribbean Territories of the Virgin Islands and Puerto Rico with devastating effects.
As part of the initial response, a public health team (PHT) was initially deployed as part of

the US Department of Health and Human Services Incident Response Coordination Team. As a
result of increased demands for additional expertise and resources, a public health branch (PHB)
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was established for coordinating a broad spectrum of public health response activities in support
of the affected territories. This paper describes the conceptual framework for organizing these
activities; summarizes some key public health activities and roles; outlines partner support and
coordination with key agencies; and defines best practices and areas for improvement in disaster
future operations.

Keywords

public health; emergency management; natural disasters; environmental health; disaster
assessments

INTRODUCTION

Major natural disasters, such as hurricanes, can cause widespread catastrophic damage
that devastates communities, threatening the wellbeing of affected populations and their
living environment.! This damage can affect critical infrastructure, including health care
facilities (HCF), public health facilities, and power and water systems. In addition,
damage to transportation and communication systems may limit access to remote and
isolated communities. Disasters also affect vulnerable populations, such as individuals
who are chronically ill or have disabilities and special needs, and the socioeconomically
disadvantaged.23 In the aftermath of any disaster, public health agencies must coordinate
and respond early to protect the health not only of affected citizens, but also of disaster
responders.? Their response supports partners in the affected areas several ways. They
can provide remote technical consultation and assistance, support continuity of essential
services, and deploy needed resources and equipment, as well as qualified individuals,

to the affected areas to augment or support response activities. In addition, public health
professionals bring expertise and tools to assist with evaluating and characterizing disaster
impacts in communities.®

The portfolio of public health resources for disasters includes tools and methods for
collecting health surveillance data, executing risk and needs assessments, communicating
health risks, and controlling misinformation. Public health teams (PHTS) can also assist with
vector control; monitor common environmental hazards associated with food, water, and

air contamination; ensure safe handling of large amounts of waste and hazardous materials;
and assess health hazards in communities, public health and medical buildings, and public
facilities such as schools and shelters.3:6-12 Public health disaster teams provide valuable
information necessary for situational awareness, resource requests, and actions necessary to
bring lifesaving or critical systems to protect affected communities.13.14

Internal and external coordination and execution of these tasks require clear organization
and command structure. Establishing and being part of an incident management system
(IMS) is an important first task. An IMS helps assemble and coordinate resources from
all jurisdictional levels in disasters. In the Irma and Maria response, the IMS structure
was fundamental in managing a variety of specialty teams and activities from several
agencies. For all disaster responses, the primary model for supporting and coordinating a
jurisdictional response area is outlined in the National Response Framework (NRF).4 The

J Emerg Manag. Author manuscript; available in PMC 2024 June 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cruz et al.

Page 4

NRF describes four fundamental response priorities: save lives, protect property, protect the
environment, and provide basic human needs. Within the NRF, the response capabilities of
federal agencies are organized under the Emergency Services Function (ESF) construct. The
Department of Health and Human Services (HHS) leads the response for Public Health and
Medical Services activities under Emergency Support Function #8 (ESF-8) and provides
support to other ESF activities such as ESF-6 Mass Care Services and ESF-10 Oil and
Hazardous Materials Response.# This approach provides a framework for coordinating a
variety of specialty teams across several agencies.

In developing this manuscript, the authors reviewed hurricane preparedness and response
documents such as situation reports, incident action plans, organizational charts, and after-
action reports to summarize the wide range of activities conducted by the branch PHTSs. This
report summarizes steps taken to establish the public health core teams and an organizational
structure; describes federally supported public health emergency response activities; and
highlights cross-agency coordination efforts to support the public health needs of the
residents in the US Caribbean territories after Hurricanes Irma and Maria.

HURRICANES IRMA AND MARIA LANDFALLS AND INITIALIZATION OF
PUBLIC HEALTH RESPONSE ACTIVITIES

The Atlantic hurricane season begins June 1 and ends November 30. During this period,
US coastal states and Caribbean territories prepare for major hurricanes. Storm intensity
can range from a tropical storm to a major hurricane capable of bringing destructive winds,
storm surge, heavy rainfall, and landslides.1> During September 2017, Hurricanes Irma and
Maria devastated Puerto Rico (PR) and the US Virgin Islands (USV1) in the Caribbean. As
a category five storm with winds as high as 185 miles per hour, Hurricane Irma devastated
much of the USVI and brushed the island of PR causing severe damages, floods, and
widespread loss of power.16

Two weeks later, Hurricane Maria landed in the USVI and PR as a category four storm,
resulting in additional impacts and damages in the already ravaged territories.1” The
combined impact of these two storms caused a collapse of the entire power grid and left
many residents with damaged homes. In many cases, it also eliminated access to clean water
and basic communications, such as phone or internet, and shut down businesses and health
care systems. President of the United States, Donald J. Trump, approved Major Disaster
Declarations for the Caribbean Territories for the USVI on September 7, 2017, and for PR
three days later.18:19

HHS followed by issuing a declaration of public health emergency for the USVI and

PR, allowing for the release of additional funding and resources necessary to support the
territorial response.2%:21 On September 10, 2017, HHS deployed an Incident Response
Coordination Team (IRCT) (recently rebranded as “Incident Management Team” (IMT))
to PR and USVI1 to initiate Hurricane Irma ESF-8 Public Health and Medical Services
operations in both US territories. The IRCT uses the Incident Command System (ICS)
prioritizing and organizing public health and medical services support and establishing the
initial public health resources in the management structure.?? The IRCT also represents
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the ESF-8 at the FEMA Joint Field Office or JFO. During large event responses requiring
coordination with senior government officials, a designated Senior Health Official (SHO)
representing HHS leadership accompanied the team. PR served as the initial base for arrival
and staging of teams and logistics resources of the IRCT and for deploying resources to

the USVI. Often disaster conditions, limited transportation resources, lodging availability in
affected areas require a gradual arrival of emergency resources to help manage them safely
and efficiently. While resources were coordinated and deployed, IRCT senior leaders in the
islands worked directly with the local public health and medical officials in identifying areas
of immediate ESF-8 support.

Embedded within the IRCT was a small, multidisciplinary PHT with expertise in

disaster epidemiology (epi), environmental health and hazardous materials, water system
infrastructure assessment, public information, and incident management. The PHT initial
task consisted of carrying out the initial disaster assessment and established the initial
coordination with their public health counterparts in the affected US territories. After
evaluating the initial impacts of Hurricane Irma with the Puerto Rico Department of Health
(PRDOH), the PHT traveled to the USVI to support the USVI Department of Health
(VIDOH) in assessing needs. After hurricane Irma landfall, VIDOH initial needs consisted
of public health resources to support shelter surveillance and disaster shelter assessments,
augment clinical support staff and surveillance, conduct vector control assessments, and
implement vector control measures. After Hurricane Maria landfall, they also requested
support for incident management team operations (Emergency Operations Center (EOC),
operations, and logistics), and environmental health monitoring. Initial observations revealed
great impacts to medical and public health infrastructure and services available in the USVI.

The team’s work in the USVI lasted only a few days as Hurricane Maria, then forecasted

to be a category four or five storm, presented a new regional threat with potential to cause
further damage to already-affected areas.}” As a result, FEMA safety officials requested

that response teams on the USVI, including the PHT, return to PR ahead of the storm to
shelter in place. After Hurricane Maria made landfall in PR, HHS and the PRDOH identified
additional needs for public health and medical assistance, increasing the requirements for
staffing, public health experts, equipment, and other material resources. With the arrival of
additional public health staff, the small PHT morphed into a public health branch (PHB) to
adequately manage the surge in public health staff and resources deployed in support of the
territorial responses.

The incident PHB management structure established followed ICS concepts, principles,
and accountability requirements (Figure 1). Most seasoned responders are familiar with
this system’s flexibility and corresponding modular ability to organize teams and their
public health functions. The IRCT provided logistical or administrative support to the
PHB to carry out mission assignments. Planning and operations personnel embedded in
the PHB integrated public health activities with the overall IRCT plans and operation
objectives, while the IRCT Plans Section served as the final approval authority for all PHB
field activities. Several operational divisions of HHS contributed specialists with expertise
in emergency management, epi/surveillance, health communication, environmental health,
occupational health, and infectious diseases. The federal public health staff also included
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staff with subspecialties in hazardous materials, food and water systems, vector control,
safety, immunizations, and laboratory sciences.

ENVIRONMENTAL HEALTH ACTIVITIES

Hurricane Maria left both PR and USVI with a range of complex environmental health
issues and concerns, which were, and still are being addressed by the joint efforts of various
agencies and organizations. The complexity of the environmental challenges required
effective coordination between the PHB, PRDOH, VIDOH, and other territorial and federal
agencies involved in the response. The majority of the PHB consisted of environmental
health specialists and engineers from various HHS operational divisions and national partner
organizations with expertise in several areas, including water systems assessment. Using
water testing equipment, PHB teams assessed the status of water systems in priority
facilities. They began by collecting water samples to test for chlorine residual and coliform
bacteria from the main water storage systems supplying the San Juan Medical Center

area. This medical complex consists of several specialty hospitals and centers and the only
trauma center serving PR and the neighboring Caribbean islands. Staff from the PHB also
assessed military facility water systems, assisted the IRCT safety team with evaluating
responder billeting, and joined the PRDOH in assessing the largest disaster shelter near San
Juan. Damaged pumps and fuel shortages hindered access to potable water for drinking

and daily chores for most of the island. PR’s Aqueduct and Sewer Authority (PRASA)

and non-PRASA pumps, stations, and systems in very remote parts of the island were

also inoperable. As a platform for coordination, the PHB joined FEMA drinking water
discussions, leading to stakeholder agencies and organizations establishing a water task
force. Team members participated in briefings held by the water sector, co-led by the US
Environmental Protection Agency (EPA) and PRDOH.27

While efforts were underway to evaluate and safely bring community water systems back
online, territorial and federal public health stakeholders also worked together with volunteer
agencies and donors to provide or increase access to safe water. They launched a massive
logistical effort to distribute potable bottled water via ground and rotary aircraft to remote
areas. Other efforts included using Department of Defense (DOD) mobile water purification
and treatment units, delivering water storage tanks to key access points for community
members, and distributing water purification tablets in very remote areas where the use of
untreated water was reported. The execution of these strategies successfully demonstrated
the effectiveness of working in communication efforts with a variety of partners. For
example, environmental health team members worked with other agency counterparts

on the communications team to prepare bilingual, culturally appropriate messaging and
materials describing how to use water purification filters and tablets. Spanish-language
media campaigns were launched to clarify issues with hyperchlorination of drinking water.

In the USVI, Hurricane Irma initially devastated St. Thomas and the small island of St. John;
then, Hurricane Maria compounded the impacts to buildings and services such as health
department and healthcare facilities and schools on the first two islands and the island of

St. Croix. The VIDOH buildings suffered extensive water and wind damage. Debris, power
lines, and solid waste littered most of the roads, public buildings, and schools, creating
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environmental hazards. Residents had no access to power or safe water. Communication
system towers were destroyed, limiting phone and radio communication to and from the
islands. In the USVI, the reduced environmental health staff and severe post-storm damage
limited VIDOH’s ability to assess and respond to environmental health challenges. The
VIDOH and PHT recognized that environmental health need assessments would be crucial
in identifying the most urgent issues for community members, particularly for those with
pre-existing health conditions. As a result, assessments of access to clean water, safe food,
and vector control immediately became public health priorities.

The homes of many public health, medical workforce, and health department employees in
PR were destroyed or damaged in the storm. VIDOH buildings on the islands of St. Croix
and St. Thomas experienced ongoing rainwater intrusion and worsening mold issues. The
only hospital on St. Thomas sustained catastrophic damages, resulting in severe mold and
hazardous materials contamination and concerns regarding potential radiation contamination
concerns. Other facilities of concern were schools, day care centers, restaurants, food
distribution centers, and grocery stores.

The VIDOH PHT conducted environmental health needs assessments focused on providing
access to safe water, ensuring appropriate food handling practices at food service facilities,
and monitoring proper temperature at grocery stores and food stations. Health surveillance
at disaster shelters monitored and identified harmful conditions, unusual injuries, or
potential outbreaks of communicable disease. Other preventive activities included health
communication efforts focusing initially on water decontamination, household cistern
remediation, safe mold clean up, generator use, and food handling and disposal.

Following disasters, monitoring and disease control services, may be required. Including
this information in environmental assessments and surveys helps identify and evaluate
vector-borne disease risk factors.3:23 Federal assistance for vector surveillance and control
is available from FEMA, with recommendations from the Centers for Disease Control

and Prevention (CDC) after certain risk-evaluation criteria are met. The issuance of a
post-disaster vector control recommendation enables jurisdictions to work with authorities,
including DOD, when more enhanced prevention and control strategies are necessary.2425

An increased mosquito population following a hurricane or flood is common phenomenon,
so the PRDOH made vector control a priority in the Hurricane Maria response. A major
concern was the presence of Aedes aegypti, a mosquito species endemic to the Caribbean
region and capable of transmitting dengue, zika, and chikungunya. Well-documented
outbreaks of these diseases in PR and the USVI added to the sense of urgency for increased
monitoring activities.2>26 To assist with these efforts, the PHB requested and deployed
vector control specialists to assist the PRDOH and VIDOH. Teams conducted rapid
assessments to evaluate the vector control programs and met with senior-level emergency
management, government officials, and industry leaders to discuss vector control services
and prevention of vector-borne diseases. The impacts of both hurricanes affected mosquito
control program facilities. Several regional offices and warehouses of the PRDOH mosquito
control program reported structural damage and loss including buildings, equipment,
vehicles, and supplies. Members of the team worked directly with organizations to document
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damage and loss and use the information to request funding from FEMA under various
public assistance programs for mitigating structures and performing temporary or permanent
repairs.

PHB staff with expertise in vector control worked with the Joint Information Center (JIC)
and with the PHB communication team to create messaging about the importance of the

use of mosquito personal protection measures and to enlist the public’s assistance in
eliminating potential breeding sites for mosquitoes. The team also led discussions on the
importance of debris cleaning, water draining, and public education. Additionally, some
types of vector control methods were a concern. For example, an estimated 6070 percent of
USVI residents used rainwater collection systems in their homes, and aerial or truck-based
spraying could contaminate the water.

Even before the storms, the capacity for vector surveillance and control was limited. The
VIDOH worked with neighboring Caribbean partners who provided in-kind support for
vector control. However, limited data on mosquito surveillance information affected the
immediate evaluation and assessments of vectors. For example, FEMA requires submission
of vector activity data along with requests for vector-control assistance, but baseline or
background data were not immediately available. The PRDOH, DOD, the PR Vector Control
Unit, and staff from the CDC Dengue Branch located in PR conducted mosquito trapping
and surveillance and mapped sites that showed increased mosquito activity. Initial mosquito
surveillance efforts took place in large urban areas in San Juan, Mayaguez, and Ponce;
later, additional surveillance sites were established in other municipalities. Despite general
concerns, public health partners determined the potential for vector-related issues was low,
based on the data collected from those sentinel sites.

DISEASE SURVEILLANCE, PREVENTION, AND CONTROL

Survivors in post-disaster conditions may face ongoing health risks from poor sanitation and
lack of access to safe food or water. The loss of home protective barriers, increased human-
animal interaction, and other health challenges. Integrating multijurisdictional public health
expertise into disaster response can help mediate these concerns and monitor associated
risks. Although, PRDOH was able to maintain parts of the local surveillance system in
operation, reporting lags due to damages to communication systems and IT and damage

to the public health laboratory limited their ability to confirm infectious diseases quickly.
Impacts to laboratory equipment and testing equipment required outside assistance to help
confirm diagnoses.

To address these post-disaster challenges, the PHB Epi/Surveillance Team implemented
enhanced surveillance at several Veterans Administration (VA) and DOD facilities. The
PRDOH and PRB worked with the VA to collect individual and aggregate-level data

for surveillance purposes. Epi/Surveillance team personnel conducted individual level
syndromic surveillance by abstracting data from medical records at three VA locations.
Additionally, the team collaborated with DOD to collect aggregate-level surveillance

data from DOD temporary field medical treatment stations. Data from DOD, and VA
hospitals, clinics have been used in syndromic surveillance since the 2001 terrorist attacks.
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In PR, Disaster Medical Assistance Teams (DMAT) operated medical treatment sites/
federal medical stations (FMSs) locations around the island, which reported data into the
Electronic Surveillance System for the Early Notification of Community-based Epidemics
(ESSENCE).27:28

DOD medical treatment throughout the island also included operations in temporary sites
and the US Navy Ship Comfort. These facilities submitted daily aggregate syndromic
surveillance reports to the PHB epi/surveillance team, including counts of infectious disease
syndromes, acute mental health symptoms, acute injury conditions, and “other” illnesses.
For their daily surveillance reports, the PHB pulled illness data from ESSENCE, including
fever, gastrointestinal illness, influenza-like illness, injuries, and respiratory syndromes. The
PHB had a limited role in surveillance of infectious diseases and other health conditions

in nonfederal sites, as many of these activities were under the purview of the territorial
health agencies; this information was not accessible, and therefore, not included in the PHB
surveillance report.

These data collection efforts demonstrate that public health surveillance, in collaboration
with all public health and medical partners in theater, is critical in monitoring potential
threats. Although PHB public health surveillance efforts were limited, access to the PRDOH
and VIDOH epidemiology/surveillance staff provided a reasonable view of the most critical
health issues occurring at sentinel sites. PHB met often with PRDOH epidemiologists to
assess and discuss any surveillance support needs.

In the USVI, residents were concerned about emerging public health issues caused by power
loss, poor living conditions, eg, homes with no roofs, continued rain and standing water, and
infrastructure damage to transportation, potable water, and healthcare. During the aftermath
of these storms, the VIDOH staff collaborated with shelter volunteers to implement a
surveillance system using the existing Red Cross Aggregate Morbidity (Tally) form to tally
daily client visits from each shelter. Data collected between September and October 2017
from the three shelters on St. Croix and two on St. Thomas provided the VIDOH with one
of the only sources of evidence-based, near real-time public health data available during the
response and helped guide response and recovery efforts to protect community health.

Other health concerns in the affected territories included the re-emergence of endemic
diseases, such as leptospirosis and rabies. Destruction of physical barriers between residents
and the environment, lack of potable water, and large amounts of debris created concerns
about potential outbreaks of waterborne and epizootic disease. A higher risk of exposure

to leptospirosis was an immediate concern because of increased human contact with
floodwaters, unsafe water consumption, and the presence of rodents in damaged homes.
During past hurricanes in the island, the PRDOH documented considerable increases in
leptospirosis cases.2? As a result, authorities increased prevention education for the public
and physician education for managing suspected cases.

Health concerns about potential for increased risk of exposure to rabies, prompted requests
for procuring additional animal and human rabies vaccinations from the US Department
of Agriculture National Veterinary Stockpile.30 In PR, rabies is endemic in the mongoose
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population, and both human and animal rabies cases are well documented.31:32 Loss of
structural protection at homes, and disruption of animal habitat after a storm may increase
human-animal contact. In PR, the PHB received also multiple reports from field teams about
stray cats and dogs coming in close contact with shelter occupants in some facilities. The
PHB helped secure additional vaccines until a steady resupply was established. In the USVI,
the discovery and subsequent confirmation of two diseases, leptospirosis, and mellidiosis,
led to concerns regarding exposure to contaminated or untreated water. These included
public health surveillance, vector control, and information distribution to help citizens avoid
additional health risks.

HEALTHCARE FACILITY AND COMMUNITY POST-IMPACT NEEDS
ASSESSMENTS

Assessments of healthcare facilities are an essential task in any post-disaster setting. The
World Health Organization encourages adopting initiatives such as the “Safe Hospitals”
framework to ensure hospitals and health facilities are safe in preparation and or following
disasters and to maintain continuity of essential operations for the local population and
responders who may deploy to the response location.33

Health care facilities (HCFs) routinely serve those affected by injury, illness, and chronic
health conditions, such as kidney failure. However, after disasters, in addition to providing
medical care to affected communities, HCFs take on enhanced roles, including comforting
victims and serving as a distribution and resupply point for medicine and oxygen.
Disruptions to healthcare services can result in increased mortality as well as exacerbated
illness and chronic disease conditions. Loss of hospital care can mean loss of lifesaving
medications and treatment for people with chronic conditions, such as diabetes and
hypertension, and for those requiring dialysis and respiratory or mental health services.
Long delays in electrical service restoration quickly render medications and vaccines
unusable, endanger those at risk of overheating without air-conditioning, and damage facility
systems sensitive to rising temperatures such as operating suites, negative pressure rooms,
air conditioning, and septic systems.34 As a result, the PRDOH and HHS/IRCT made HCF
evaluation a primary PHB mission.3®

After the hurricanes, the PHB was requested by the IRCT leadership to support local
public health authorities by conducting post-impact assessments in PR and USVI HCFs.
In September 2017, approximately 66 hospitals and 215 healthcare centers in PR required
assessment. In the USVI, the task involved assessing two hospitals, one in St. Thomas
and one in St. Croix. Several HCF assessment teams, consisting of environmental health
specialists, sanitarians, and engineers, undertook this large operation in PR and the USVI.
Because of safety issues, curfews, and austere post-disaster conditions, the teams were
initially allowed to conduct field activities only when escorted by law enforcement. They
had high frequency radios and satellite phones; however, outside the metropolitan area of
San Juan, most cellular and even satellite phone service was unavailable. Damage to roads
and bridges required numerous detours, making car travel dangerous and time-consuming
and causing delays in collecting this critical information. The DOD and Department of
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Homeland Security (DHS) made rotary wing aircraft, such as helicopters and Osprey,
available as alternate means of transportation for field teams.

To ensure internal consistency of all HCF assessments and data collection, PHB staff trained
all field team members in using the assessment tool and methods and led the facility
assessment process. Teams were briefed twice daily, prior to departure and upon returning
to the PHB, which was located at the FEMA Joint Field Operations (JFO). Because this
task was urgent, teams initially used an existing paper version of a hospital assessment

tool and a modified version for assessing smaller facilities such as healthcare centers,
which did not have a hospital’s wider scope of services and complex unit areas. The

initial needs assessment tool documented facility structural damages, operational status of
various hospital service units, and utilities or power generation when applicable. Also, the
tool identified other immediate resource and supply shortfalls including medical supplies,
personal protective equipment, medications, oxygen, fuel, staffing, and support for facilities
requiring medical evacuation.

As the response progressed, the HCF tool was modified to accommodate specific
information needs of response agencies providing support to these facilities. Other
information collected included patient census, beds lost because of hurricane-related
damage, morgue spaces available, and number of bodies held in the morgue. The
information collected was used to validate requests for supplies, equipment, and other
necessary resources to operate the facilities and monitor issues like morgue capacity.
Overall, the team completed assessments of most HCFs in PR: 64 hospitals (97 percent)
and 187 HCFs (85 percent). The final part of the operation included entering the data

and providing a brief report of critical information and immediate needs to the PRDOH,
FEMA, and HHS. Data capture, analysis, and reporting improved significantly later in the
response, expedited by the use of an app-based survey tool that allowed for faster database
population and data visualization via dashboards. The teams also reported safety, logistical,
and communication challenges when traveling around the island, including long lines for
refueling, lack of reliable physical location information, and lack of Spanish-speaking public
health staff.

The PHB also assessed FMS sites and conducted preoccupancy assessments of potential
sites. FMS sites are temporary medical facilities capable of caring for 50-250 people
who require a safe location and suitable wrap-around services such as power, water,

and sewage. They provided temporary shelter for evacuees from nursing home and long-
term care facilities who required basic levels of healthcare and monitoring.3¢ After two
major hurricanes, many potential FMS locations were not fit for human occupancy. The
comprehensive safety and operational assessments that PHT conducted were critical for
ensuring FMS facilities could safely house patients and caregivers.

During this response, the PHB was invited to participate in interagency discussions
identifying needs in isolated communities (ICOS) in the mountains of PR left inaccessible
by the storms. DHS was able to identify those at-risk communities during search and rescue
operations and aerial surveys. The PHB listened to the concerns and proposed to assist

the group by deploying teams to assess and document needs in those communities. The
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CDC has developed a disaster assessment method known as Community Assessment for
Public Health Emergency Response or CASPER for disaster situations. This method is
designed to provide timely, inexpensive, and representative household-based information
about community needs.!! The PHB adopted a CASPER-like tool and interview approach
to gather information from households in the ICOS. Logistics and transportation were
coordinated by DHS and DOD. They facilitated access to dedicated aircraft to transport
members of assessment PHB teams to these remote areas. The team members traveled
mostly by foot to interview residents to complete de assessments. The assessment tool
used by the PHB to record household interviews included questions about illnesses/deaths,
resource and commodity needs, and access to information about health and social services.
Upon return, teams provided a daily summary of key findings to both DHS and IRCT

for both planning purposes and delivery of any needed resources and supplies. The ICOS
team also recommended conducting formal CASPERs in more affected communities. The
information generated by CASPERSs can be used to initiate public health action; facilitate
disaster planning, response, and monitoring recovery activities; and assess new, changing, or
emerging needs during the disaster recovery period.

In the USVI, the VIDOH conducted two CASPERs in November 2017 to assess USVI
residents’ hurricane experiences during Irma and Maria and the public health impacts

in communities before, during, and after the hurricanes. The information collected by

the CASPERs assisted the VIDOH, the Virgin Island Territorial Emergency Management
Agency, and other partners in developing a long-term hurricane recovery plan. CASPER
baseline information helped monitor ongoing recovery efforts following the storms, and the
VIDOH conducted a follow-up recovery CASPER in February 2018.

HEALTH AND RISK COMMUNICATIONS

HHS supported deploying CDC health communication specialist teams to PR and the

USVI to provide direct support to the public health departments. During large-scale
incidents, response agencies may assign communication and media staff to a JIC to assist
with coordinating and creating cohesive key preventive messages and information. These
specialists worked alongside PRDOH, HHS media specialists, and the FEMA JIC at the San
Juan Joint Field Office to develop educational materials and to disseminate clear, timely,
science-based, post-hurricane messages on health promotion, and disease prevention. The
health communications team created a communication plan with multichannel strategies,
tactics, and tools that included printed materials, community outreach events, print and
radio interviews, video/photography, and social media campaigns. The assessment of

health information needs as a result of the environmental effects of Hurricanes Irma and
Maria identified gaps regarding risk- and hazard-specific information. The PHB worked
with the JIC or directly with PRDOH Office of Communications in producing health
communications materials in post-event safety, infectious disease prevention, water and food
safety, and exposures to air pollutants, including carbon monoxide hazards.

As the response issues evolved, the team also created, printed, and assembled packets
of CDC and PRDOH cobranded health education fact sheets on food and water safety,
leptospirosis, mold, and mental health. All materials were translated and reviewed for Puerto
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Rican Spanish and cultural appropriateness. During 30 community outreach events held
throughout the island, the PHB communication team distributed over 1.5 million fact sheets
in shelters, disaster recovery centers, military distribution centers, clinics, hospitals, schools,
and homes in rural and isolated communities.

The communications team in PR also assisted with streamlining the processes for the
PRDOH, FEMA, and CDC scientific and communication experts to vet and approve

public health materials and key messages. For example, public affairs and FEMA JIC
officers worked together creating public health messages and health education materials
highlighting risks associated with disasters, eg, carbon monoxide. In addition, PHB health
communication staff assisted the PRDOH in developing statements addressing rumors about
cholera outbreaks in communities. The team worked with PRDOH and CDC cholera experts
to construct the appropriate messages and factual statements to control the misinformation
and reassure the public. After a few HCFs reported suspected cases of leptospirosis, the team
helped develop a strategic communications plan for health education; coordinated clinician
outreach presentations and calls; arranged media interviews with local health and CDC
experts; and produced fact sheets, posters, public service announcements, and social media
messages.

Despite the communication infrastructure challenges in PR, the team successfully evaluated,
and adapted their communication strategies based on feedback and information gathered,
mostly in person, about public health issues occurring in the impacted communities. As a
result, residents began receiving timely and critical public health information, allowing them
to make informed decisions to protect themselves and their families. The team strategies
relied heavily on distribution of printed materials and direct community-based health
promotion and outreach, which effectively reached at-risk individuals and communities with
the right messaging.

The team also identified social media groups formed by Puerto Ricans in the US mainland
(known as “la diaspora”) who relied on technology to connect with family and help people
on the island. These outlets could target health prevention messages and post relevant digital
messages on the Facebook group platforms that could be relayed to people in PR by word
of mouth. Leveraging response efforts with the PRDOH, FEMA, Red Cross, and other key
partners proved to be an effective strategy for cohesive messaging. Finally, assembling a
team of experienced, flexible, and culturally sensitive communicators, many of whom were
natives of PR, was critical in implementing public health strategies, especially during the
initial chaos that so often follows a disaster.

RESTORATION OF PUBLIC HEALTH SERVICES AND SYSTEMS

Restoring preventive services and systems after any large disaster begins in the response
phase and continues through recovery. The backbone of any public health disaster response
is the ability to quickly determine which issues have the greatest potential to affect
communities and emergency responders. An interruption in key public health systems and
preventive services, even for a short period in a nondisaster situation, can threaten public
health. After these hurricanes, those systems were left severely degraded for months. An
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increased risk of disease could result from delayed or absent systems such as routine and
seasonal immunizations, treatment and diagnosis of chronic and infectious conditions, food
and water quality monitoring, and laboratory testing. During the aftermath of Hurricane
Irma and Hurricane Maria, the PHB coordinated the deployment of assessment teams

to evaluate operational capacity and damage to public health facilities and established a
framework for transitioning information about those impacts to the recovery phase.

The first step was establishing a restoration of services team as part of the PHB,

which included members of several federal agencies such as FEMA and several HHS
Operating Divisions, which contributed large numbers of environmental health specialists
and facility engineers. The team focused on several areas of restoration: laboratory capacity,
immunizations, critical public health facilities (including those providing immunizations,
HIV/STD diagnosis, and treatment), and environmental health services. The need was

clear as the PRDOH laboratories (a network that consists of three regional and one main
laboratory), suffered significant structural damage and environmental contamination from
the direct impacts of wind and water intrusion.3” Because of these impacts, laboratories
could not provide several testing services, including tests for food, water, and infectious
disease. Power outages resulted in additional losses as sensitive equipment and supplies
could not be maintained at the required temperatures or humidity or appropriately quality
controlled for accuracy. The PHB coordinated a request for CDC staff to provide laboratory
technical staff to PR to assist with the inventory of damages. The Association of Public
Health Laboratories, an organization that assists with coordinating emergency responses and
assistance to such facilities, sent a four-person team to PR assist with the public health
laboratory system assessment.

In addition to damaged equipment and supplies, many other systems necessary to safely
operate a laboratory suffered damage or were contaminated, including HVAC systems,
roofs, towers, and safety hoods. Testing was suspended for several conditions important

to public health, so the PHB assisted with the initial coordination of delivering specimens
for testing at CDC laboratories, located in Atlanta, Georgia. The massive power loss also
damaged stocks of vaccines in storage, including seasonal flu and routine children and adult
immunizations. A seasonal flu vaccination campaign, scheduled to begin only a few weeks
after the storms, was postponed until adequate supplies of vaccine and materials were made
available. Other severely affected facilities included PRDOH headquarters and specialty
clinics serving populations such as young children and people with disabilities.

Throughout the transition to recovery operations, the PHB supported the PRDOH and
helped to facilitate requests for a constant influx of experts and consultants to help complete
required damage and cost estimate assessments for FEMA. Data and information gathered
during those damage assessments allowed for faster allocation of funds for temporary repairs
and initial recovery. Records, pictures, narratives of all damages, and cost estimates were
provided to the PRDOH, Army Corps of Engineers, FEMA, and other agencies assisting
with damage quantification.
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FEMA BRANCH LIAISON SUPPORT

Immediately after the storm, FEMA divided the municipalities of PR into four branches.
Staff from the PHB were reassigned to fulfill roles as public health liaisons to these branches
and provide additional oversight and awareness of local issues. Additionally, this allowed
PHB staff greater access to better information and more interaction with municipal agencies
and communities about public health needs. However, finding enough bilingual public health
staff to fulfill those roles and securing lodging and communication with the embedded teams
proved to be problematic when most communications and utilities outside the San Juan
metro area were still down. As a result, some of the liaison staff commuted from their base
in San Juan several times a week to provide technical assistance to the branches.

DISCUSSION

The disastrous impact of Hurricanes Irma and Maria followed a reprieve of approximately
15 years since the last major hurricane struck the US Caribbean territories. The isolation
and vulnerability of the islands presented potential challenges and logistical concerns that
are inherent in this area and that must be considered in future planning. Perhaps, a practical
approach for enhancing collaboration and assistance in disasters between islands, some
within close distance of each other, maybe the use of a “whole of regional community”
response approach. This approach may reduce the time required for initial evaluation of
impacts by neighboring islands before additional help arrives. The Irma and Maria responses
required a multi-agency, coordinated effort that faced unique challenges not typical of
hurricane responses in the mainland US—for both victims and emergency responders who
faced the same shortages of supplies and resources.

The public health response to Hurricane Irma and Hurricane Maria also highlighted

the unprecedented efforts by public health partners to confront and adapt to challenges.
Complex disasters require standard tools and methods that are easy to understand and
implement even in slow or acute onset disaster situations. The public health agencies in
theater successfully adapted to the changing situation and logistical difficulties to focus on
upcoming challenges, assess gaps, and adopt an organizational framework for running a safe
and effective operation. Establishing an incident management structure, based on effective
and focused field activities, helped IRCT leadership, other federal teams, and partners
understand the scope of PHB missions.

The public health partners in theater successfully adapted and used existing tools

and methods such as public health assessments tools, surveillance concepts, to and
communications materials. For example, while conducting shelter assessments, the field
team used the CDC tool for disaster shelters. For HCF assessments, a paper assessment tool
was used for the initial evaluation of operational capacity, damages, and needs. During the
ICOS mission, teams adapted the questionnaire from CDC’s CASPER.1! Teams modified
the tools only to add additional information for leadership to address emerging needs, such
as data on morgue capacity and fuel levels.
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Often from necessity, new ideas for improving disaster tools and processes may emerge
from team members doing the actual work. For example, teams felt burdened by the task

of entering data after returning from fieldwork. The PHB leadership worked with response
agencies, including FEMA and the PR Planning Board, to develop and implement app-based
survey tools for the HCF assessments. The tools reduced the time that took to enter the

data, often up to 45 minutes, and expedited availability of critical information. During this
response, members of teams doing field assessment activities were trained to use the field
tools and tablet-based assessments. As a legacy of this collaborative response, the PRDOH
began actively improving and exercising their automated HCF data systems during recovery.

Safety in any disaster field operation is paramount. In natural disasters, the loss of common
safeguards, such as communication networks and safe roads, pose additional challenges to
the safety of field workers and may limit their ability to travel to the affected sites. In PR,
the environmental and structural damage inhibited cellular and electronic communication
and impeded access to field sites. The effective collaboration of the PHB, DOD, and

local law enforcement agencies provided teams with safeguards to allow them to focus

on the mission ahead. Whenever necessary, these liaisons also coordinated air and ground
mobility using DOD or DHS aircraft to transport the teams to remote areas of the island. In
addition, DOD, VA, and HHS all collaborated in the public health mission in several ways
including development and sustainment of a surveillance system, participation in vector
control surveillance and control, and initial transport of laboratory samples to CDC for
analysis.

Deploying a wide range of senior public health specialists with diverse experience as part
of the initial team was critical for the team’s success. Personnel supporting ESF-8 functions
bring a wealth of multidisciplinary expertise to a disaster response. During this response,
drawing upon that range of expertise on the ground improved mission performance and
allowed the experts a firsthand view of the issues. Some issues are unavoidable and both
territorial public health agencies needed assistance in coordinating data and information
collection. However, efforts toward improving and supporting those systems are ongoing
through the on-going recovery phase.

In the VIDOH, a variety of issues resulted in delays implementing vector control. Teams
were required to submit a plan of activities to the safety officer for approval before traveling
to other parts of the island. Teams often experienced significant delays because of logistics,
limited fuel, or safety conditions in the field. Roadblocks, detours, and damaged roads
required both additional time and fuel, forcing teams to end their work prematurely. The
situation began to normalize after FEMA established several fuel-dispensing points around
the island for responders.

During this event, the PHB encountered several challenges, many of which were
jurisdictional or agency specific. Though the PHB had surveillance and environmental
assessment tools and trained staff to support those activities, access to congregate shelters
located around the island of PR to assist with assessments and surveillance activities was
limited. One way to improve this collaboration in future may be to establish pre-impact
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agreements or memorandums of understanding to support and facilitate the exchange and
access of surveillance information from the local jurisdiction.

In addition, in PR the PHB struggled throughout the response to maintain an adequate pool
of Spanish-speaking public health workers. Fieldwork required conducting interviews and
participating in community meetings and outreach activities in which community leaders,
mayors, and organizations exchanged views and information. Bilingual staff capable of
fluently communicating and actively participating during those meetings were in short
supply. Although FEMA did provide in-kind assistance with translators, many were not
specifically trained in public health. Preplanning for a disaster response in an area where
most of the residents speak a language other than English should include recruiting
bilingual, qualified public health workers.

Finally, whenever possible, advance PHTSs should be deployed pre-event. Advance
deployment would improve early coordination and integration or resources with local and
response stakeholders, provide an opportunity for early planning of needs assessments, and
build the relationships and organizational concepts for running a safer and effective disaster
response, and subsequently, a swift transition to recovery work.

CONCLUSION

Overall, the PHB demonstrated its utility as a primary resource during and after two major
back-to-back disasters affecting both the US Virgin Islands and Puerto Rico. Public health
tools and methods utilized displayed the simplicity and adaptability of disaster assessments
and other types of monitoring systems in disasters. The systematic integration of public
health activities with governmental, volunteer, and military resources in PR and the USVI
can served as a model for future disaster planning, regardless of event. For example, disaster
relief and nongovernmental organizations such as Americares, the CDC Foundation, the
Association of Public Health Laboratories, Mercy Corps, the PR Science Trust, the CDC
Dengue Branch in PR, and many others demonstrated how a unified effort can make a
difference during a major disaster event.

All disasters are different; however, disaster response starts with evaluating available public
health systems and developing a prioritized schedule of targeted activities. During this
large, complex disaster response, public health activities were fundamental in providing
data and information for action on public health areas. The information collected was

also instrumental in ensuring a smooth transition into the recovery phase and help with
restoration of public health capabilities system and services. The response to Hurricanes
Irma and Maria validated the contributions of emergency public health components across
different sectors in promoting the health and wellbeing of everyone affected by a disaster.
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Figurel.
Organization of the PHB for Hurricane Irma and Maria in Puerto Rico and the US Virgin
Islands.
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