
Disaster Medicine and Public
Health Preparedness

www.cambridge.org/dmp

Original Research

Cite this article: Noboa-Ramos C,
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Abstract

Background: Healthcare and social organizations (HSOs) are first respondents after natural
disasters. Hence, their preparedness and resilience are critical components for addressing future
disasters. However, little is known about HSOs’ experiences prior to, during, and after
hurricanes.
Objective: To describe preparedness, response, and recovery experiences from hurricanes
Irma/ Maria among HSOs in Puerto Rico and the US Virgin Islands.
Methods:Using a convenience sample, semi-structured interviews were conductedwith 52 key-
informants. Content analysis for common and recurring themes and patterns was performed by
HSO type.
Results: Most HSOs (80.8%) had a preparedness plan and 55.8% responded providing emer-
gency supplies. HSOs’ human resources (61.2%) was the main recovery facilitator/ enabler,
while 36.5% identified the lack of economic resources and the lack of an integrated emergency
plan as the top barriers. The main lesson learned include understanding the need to make
improvements to their emergency preparedness plans (56.3%), and to establish an integrated/
centralized plan between relevant parties.
Conclusion: Lessons learned after hurricanes allowed HSOs to identify gaps and opportunities
to become more resilient. Infrastructure capacity, human resources, communication systems,
and economic support, as well as training, partnerships, and new policies should be defined,
revised, and/ or integrated into the HSOs’ preparedness plans to mitigate the impact of future
disasters.

Introduction

Hurricanes Irma and Maria destroyed vital infrastructure (e.g., power, water, and communica-
tions systems), and disrupted access to food, healthcare, and medications across Puerto Rico
(PR) and the US Virgin Islands (USVI). Hurricane Irma (Category 5) passed over the USVI
on September 6, 2017 and came close to PR on September 7, 2017, affecting mainly regions
of PR, and leading to significant flooding, widespread power outages, and water supply disrup-
tions for several days.1,2 After 2 weeks, on September 20, 2017, hurricane Maria directly hit the
USVI as Category 5 and PR as Category 4. Peak wind speeds of over 150 miles per hour were
recorded on these islands.3 These hurricanes were the most intensive storms to make landfall on
both islands since 1928 and had major detrimental impact on the population’s health.4

The healthcare impact caused by these hurricanes immediately became apparent.5–10 In
December 2017, the PR Government officially reported 64 deaths,5 however, a Harvard
University study estimated over 4600 deaths.7 George Washington University’s study estimated
2975 deaths,8 a toll later accepted as official. The mortality rate in PR after hurricane Maria
increased by 62% compared to the 2016 figures.7 Officially, 5 USVI deaths were attributed
to these hurricanes.11 Hurricane Maria caused an estimated $90 billion in damages across
PR and the USVI, making it the third costliest hurricane in US history.12

Healthcare and social organizations (HSOs) are the lifeline for prevention, diagnostics, treat-
ment, and rehabilitation for both physical and mental health. After disasters, HSOs serve as first
responders for injured and ill members of an affected population, and often fulfill unmet social
needs, particularly for patients on life sustaining medical equipment who may have lost their
homes, power and/ or water supply services. Depending on the organization’s scope and capa-
bilities, some may provide primary and secondary services, while others may deliver tertiary
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healthcare and preventive efforts.13 Organizations also serve as cat-
alysts for vital information, education, community assessment, and
outreach. Thus, resiliency and preparedness of these organizations
are necessary for addressing future disasters.14

Generally, HSOs are critically dependent on their suppliers, key
customers, and target populations for their continued operations
and survival. To effectively manage their resilience, these organi-
zations must look beyond their own capacity, and consider the
interdependence of other related entities.15 The challenge has been
how to achieve the collaboration and commitment required to col-
lectively prepare for future disasters, rather than doing it in an indi-
vidual manner.16 This type of integrated organizational planning
and preparation can make a significant difference in keeping com-
munities safe, and in continuing operating and responding to
future emergencies.

It is critical to understand the best practices and lessons learned
by organizations in relation to disaster preparedness, response and
recovery efforts in order to improve preparedness, mitigation,
response and recovery for future disasters.17 Few studies have high-
lighted hurricane preparedness and response efforts of HSOs in PR
and the USVI.11,18 None explored recovery efforts, and none exam-
ined the experience of both US territories simultaneously. This
study expands this body of evidence by describing the prepared-
ness, response, and recovery experiences from hurricanes Irma/
Maria among healthcare and social organizations in PR and
USVI, and highlights the interconnections and lessons learned that
may be applicable to similar organizations operating in compa-
rable contexts and geographic areas.

Methods

The PREPARE study was launched to identify key vulnerability
and resiliency factors among HSOs in PR and few organizations
in the USVI. A convenience sample was used for the organizations
and key-informants.

Participants

The eligibility criteria for HSOs included: (1) providing healthcare
or social services, or (2) being actively involved in the disaster pre-
paredness, response, and recovery phases of hurricanes Irma/
Maria in PR or USVI. We excluded HSOs that were not actively
participating in any of these phases in the targeted US territories.
We identified key organizations according to the eligibility criteria
through an interactive process with local and external experts. A
total of 113 HSOs comprised the pool of potential participants
including Federally Qualified Healthcare Centers (FQHCs; n= 7),
government-owned hospitals (n= 8), non-profit and for-profit
hospitals (n= 14), and professional associations (n= 6), as well
as CBOs (n= 11), homecare and nursing homes (n= 10), dialysis
centers (n= 4), and local and federal government-agencies (n
= 16). The HSOs also include emergency relief organizations (n
= 11), pharmaceutical companies (n= 3), health insurance com-
panies (n= 3), and other key grassroots organizations (n= 20).
HSOs included locations in North, Metro, East, as well as
Central, South, and West areas of PR as well as USVI (Saint
Croix, St. Thomas, and St. John). We aimed to recruit 50 organi-
zations and recruited 52 given our multiple simultaneous outreach
efforts. All HSOs provided services to the general population and
medically underserved populations across all age-groups. Some
HSOs supported specific target audiences such as people with dis-
abilities, chronic illness, homeless, and undocumented migrants.

For each HSO, a key informant was selected. Key informant
inclusion criteria were: (1) aged 21 or older; (2) holding a senior
or executive level position or being a consultant in the HSO;
and (3) having actively participated in the preparation, response,
and recovery phases of the organization after hurricanes Irma/
Maria in PR or USVI. We excluded participants who: (1) had been
working in the HSO for less than 12 months prior to hurricane
Irma, and (2) who were not working in the HSO during and after
the hurricanes.

Procedures

Data was collected fromMay 13, 2019 to August 17, 2020. Potential
key-informants were contacted via email and telephone to invite
them to participate in a semi-structured face-to-face interview con-
ducted by a trained interviewer. Due to COVID-19 restrictions,
7 interviews were conducted using the Zoom platform. Each inter-
view took approximately 1.5 hours (range: 1.00 -2.25). For those
lasting over an hour, a 10-minute break was taken to ensure high
quality of the interview. All interviews were conducted despite
breaks, all were engaged in the discussion, and none of the key-
informants exhibited or mentioned feeling fatigue.

Data collection included a semi-structured guide of 26 ques-
tions regarding the overall experience of the organization before,
during and after the hurricanes (Appendix A). Open-ended ques-
tions were developed based on the experience and with input of
local and external experts. The services, resources, target popula-
tion, and partners, as well as preparedness efforts of theHSOs prior
to the hurricanes were explored. HSOs emergency response efforts
were assessed including the disaster response services/ support and
challenges that the organization and target population faced.
Factors that facilitated the recovery of the organization, the greatest
barriers to recovery, and resilience and preparedness were also
assessed. 2 mock interviews were conducted to assess the validity
of the data collection instrument and procedures. All interviewees
accurately understood the open-ended questions. Based on mock
interviewees’ feedback, 3 questions (11.5%) were reformulated to
improve clarity. Importantly, all interviews, including the mocks,
were conducted by the same interviewer, to ensure consistency,
reduce variability, and minimize bias.

The interviewer was accompanied by a note-taker that took
computer-aided notes. All interviews were audio-recorded to
increase the accuracy of the data obtained, and for analysis pur-
poses. Data was transcribed, then reviewed and organized by the
interviewer in a database that was color coded by organization
type. This study was approved by the Institutional Review Board
of UPR-Medical Sciences Campus. Informed consent was obtained
from all study subjects.

Data analysis

Qualitative analysis was performed by 2 investigators. Inductive
and deductive approaches were used.19,20 Coding process was
applied according to the literature and participants experien-
ces.19–22 A list of codes according to the literature about disaster
preparation, emergency response, and recovery efforts was pre-
pared. Each researcher performed a line-by-line analysis of all tran-
scripts to identify these codes as well as common and recurring
themes and patterns that emerged to the data,19 including inter-
connections and outliers. We then compared the separate coding
and developed an integrated and refined set of themes and codes.
After consensus on the themes and codes was reached, a codebook
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was developed. Then, we determined the counts of each code/
theme from all interviews. Themes that represented less than 3
counts were excluded for analysis purposes.

HSOs were categorized as: (1) Service delivery organizations
(SDOs) providing mental, social and/ or physical health services
to individuals, families, and communities. These included hospi-
tals, FQHCs, dialysis centers, and homecare/ nursing homes;
(2) Emergency, philanthropic, and other support organizations
(EPOS) assisting institutions and communities with the emergency
preparedness, response, and recovery efforts. These included emer-
gency response and relief organizations, professional associations,
pharmaceutical and health insurance companies; (3) Government
agencies (GAs) that oversee developing and implementing public
policies, regulations, and overseeing the delivery of healthcare ser-
vices including PR government and federal entities. Results are
presented by common themes and organization type.

Results

Participants

Most participants (94.2%) were based in PR. Around 52% of HSOs
were SDOs, followed by EPOS (34.6%), and GAs (13.5%). Key
informants interviewed were presidents (15.4%), executive direc-
tors (57.7%), administrators (7.7%), and program directors/ man-
agers (19.2%).Most were female (69.2%) and reported being in that
position in their HSO for at least 5 years (94.2%).

Disaster preparedness experience

Most HSOs (80.8%) and SDOs (96.3%) reported having a written
emergency preparedness plan prior to hurricanes Irma and Maria;
while all GAs (100%) reported the same as this is required by law
and by accrediting agencies. Only 50.0% of EPOS mentioned hav-
ing a written preparedness plan. Some organizations did not have a
formal written emergency plan because they ‘used the govern-
ment’s plan’ or later realized that they only ‘had some compo-
nents,’ but not a complete action plan.

Many of the HSOs, all EPOS (100%), GAs (71.4%), and SDOs
(69.2%) with a written preparedness plan reported it included a
communication strategy (78.6%). These strategies included clear
lines of communication for internal and external stakeholders dur-
ing an emergency, alternative communication methods to be used
in power outages and in instances when internet services were
disrupted, as well as having redundancy of their internal systems,
and technologies. Among organizations that had a communication
plan, 90.9% recognized that their plans had significant gaps and
were not adequately executed.

In preparation for hurricane Maria, 78.3% of HSOs mentioned
that they activated their emergency preparedness plan (Table 1).
Over 50% of the HSOs protected their facilities and equipment,
and checked their level of supplies (e.g., food, water reserves,
and power generators). Additional actions taken in preparation
included re-scheduling the staff shifts (21.7%) and supporting staff
for their own preparedness plan (17.4%). Although most organi-
zations reported having emergency plans, they expressed chal-
lenges and limitations to effectively respond and to mitigate the
impact of the hurricanes, particularly lacking preparedness for
the impact and damage of a category 4 or 5 hurricane.
According to the participants, the major limitation of the plans
was the limited strategies and resources included to ensure com-
munication during and after a disaster.

Disaster response experience

Challenges encountered
The top challenge experienced immediately after hurricane Maria
(Table 2) by most HSOs was lack of communication services
(82.7%). The next top 2 challenges reported varied across HSOs.
For SDOs, the main challenges were limited accessibility of critical
supplies (48.1%), and lack of utilities (44.4%) such as water, and
electric power. For EPOS, the main challenges were the inability
to identify the status and needs of staff, target populations,
and/ or providers (27.8%), as well as limited access to roads and
transportation routes (27.8%). For GAs, 57.1% reported damages
caused to infrastructure while 57.1% also reported an inability to
identify the status and needs of staff, target population, and/ or
providers as the most frequent challenges encountered.

Disaster response services to target populations

Within the first 24 and 72 hours after hurricane Maria, 55.8% of
organizations deployed emergency supplies, food, and water to
their target populations (Table 3). The most frequent disaster
response services delivered by SDOs and GAs were healthcare sup-
port including medical (70.4%) and pharmacy services (57.1%).
HSOs also contributed to conducting community outreach and
damage assessments, as reported by SDOs (37.0%); EPOS
(55.6%); and GAs (28.6%). Some EPOS (27.8%) also reported
being engaged in the provision of medications and setting-up tri-
age units to manage patients. Local and Federal GAs were mostly
(42.9%) focused on evacuations/ transportation of patients and
communities, as well as evaluating the health status and wellbeing
of patients and communities (Table 3).

Disaster response services to their human resources

The most frequent (61.5%) disaster response effort offered by
HSOs, excluding GAs for their staff, was emergency supplies such
as food and water (Table 3). The second most frequent response
effort provided was economic support, as reported by SDOs
(37.0%) and EPOS (66.7%). For GAs, the main response efforts
offered to their staff were social and mental health support
(57.1%), and healthcare services (42.9%).

Disaster recovery experience

Facilitators
The main enabling factor reported by most HSOs (61.2%) post-
hurricane Maria recovery was the support and commitment of
their staff (Table 4). Additional factors reported by SDOs were
availability of economic assistance mainly from donors and federal
agencies (44.4%), and improvements to their facilities and equip-
ment (37.0%). For EPOS, networks, and partnerships support
(43.8%), and having a strong infrastructure capacity (37.5%) were
identified as additional enabling factors. Approximately a third of
GAs identified 4 enabling factors that facilitated the recovery proc-
ess: having trained staff, obtaining federal government support,
having the support of key partners and network members, and get-
ting new or improved infrastructure.

Barriers
The top 3 barriers identified for HSOs (Table 5) were: lack/ delay of
economic resources and support (36.5%), lack of an integrated
emergency response plan (36.5%), and lack of a government plan
for an effective, well-coordinated response (34.6%). Lack of effec-
tive communications was also the most common reported barrier
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Table 1. Actions taken in preparation for hurricanes Irma and Maria, n (%) by types of organizations

Actions

Services
delivery
(n= 27)

Emergency, philanthropic, and
other support

(n= 13)†

Government
agencies
(n= 6)†

All
organizations

(n= 46)†

Activate their emergency plans 23 (85.2) 8 (61.5) 5 (83.3) 36 (78.3)

Protect their facilities and equipment 20 (74.1) 5 (38.5) 1 (16.7) 26 (56.5)

Check their level of supplies (e.g., food, water reserves, and
power generators, etc.)

19 (70.4) 4 (30.8) 2 (33.3) 25 (54.3)

Staff work rescheduled and flexibility 8 (29.6) 2 (15.4) – 10 (21.7)

Support staff with their own preparedness plan 5 (18.5) 3 (23.1) – 8 (17.4)

Ensure company vehicles had gas and were safely parked 2 (7.4) 1 (7.7) 1 (16.7) 4 (8.7)

Note: †Not all organizations reported specific actions taken in preparation for hurricanes Irma and Maria.

Table 2. Main challenges, n (%), by types of organizations within the first 24 to 72 hours after hurricane Maria

Challenges

Services
delivery
(n= 27)

Emergency, philanthropic, and other
support (n= 18)

Government
agencies
(n= 7)

All
organizations

(n= 52)

Lack of communication 22 (81.4) 15 (83.3) 6 (85.7) 43 (82.7)

Damages caused to the infrastructure 10 (37.0) 4 (22.2) 4 (57.1) 18 (34.6)

Limited accessibility to critical supplies (e.g., fuel, food) 13 (48.1) 4 (22.2) – 17 (32.7)

Lack of utility (water and power) 12 (44.4) – 2 (28.6) 14 (26.9)

Limited road access 8 (29.6) 5 (27.8) 1 (14.3) 14 (26.9)

Lack of generators or limited generator capacity 11 (40.7) 2 (11.1) – 13 (25.0)

Unable to identify the status and needs of staff, target
populations, and/ or providers

4 (14.8) 5 (27.8) 4 (57.1) 13 (25.0)

Mental health impact of staff and target populations 4 (14.8) 4 (22.2) 2 (28.6) 10 (19.2)

High demand of services and support 5 (18.5) 1 (5.6) – 6 (11.5)

Limited coordination and support from the government 1 (3.7) 3 (16.7) – 4 (7.6)

Limited transfer of patients and target populations 3 (11.1) – 1 (14.3) 4 (7.6)

Table 3. Main disaster response services provided to their target population, n (%)

Services
delivery
(n= 27)

Emergency, philanthropic, and other
support (n= 18)

Government
agencies
(n= 7)

All
organizations

(n= 52)

Services to target population

Provide emergency supplies, food, and water 16 (59.3) 11 (61.1) 2 (28.6) 29 (55.8)

Provide healthcare support (i.e., medical support and pharmacies) 19 (70.4) 2 (11.1) 4 (57.1) 25 (48.1)

Community outreach and assessments 10 (37.0) 10 (55.6) 2 (28.6) 22 (42.3)

Provide medications 8 (29.6) 5 (27.8) 1 (14.3) 14 (26.9)

Setting up triage 6 (22.2) 5 (27.8) 2 (28.6) 13 (25.0)

Donation management and distribution 6 (22.2) 3 (16.7) 1 (14.3) 10 (19.2)

Provide social and mental health support 6 (22.2) 2 (11.1) 1 (14.3) 9 (17.3)

Patients/ communities transfer or evacuation 1 (3.7) 1 (5.6) 3 (42.9) 5 (9.6)

Provide shelters 4 (14.8) – 1 (14.3) 5 (9.6)

Clean road access 4 (14.8) – – 4 (7.7)

Services to human resources

Provide emergency supplies, food, and water 17 (63.0) 14 (77.8) 1 (14.3) 32 (61.5)

Provide economic or salary support 10 (37.0) 12 (66.7) – 22 (42.3)

Provide social and mental health support 7 (25.9) 5 (27.8) 4 (57.1) 16 (30.8)

Provide generators and fuel 8 (29.6) 4 (22.2) 1 (14.3) 13 (25.0)

Provide healthcare support (medical and pharmacies) 4 (14.8) 4 (22.2) 3 (42.9) 11 (21.2)

Staff flexibility space, schedule, and hours 4 (14.8) 6 (33.3) – 10 (19.2)

Identify needs 4 (14.8) 4 (22.2) 1 (14.3) 9 (17.3)

Provide medications 3 (11.1) 2 (11.1) 1 (14.3) 6 (11.5)

Provide shelters 4 (14.8) – 1 (14.3) 5 (9.6)
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mentioned by SDOs (40.7%), and EPOS (22.2%). For GAs, local
and federal bureaucracy (42.9%) were also frequently mentioned.

Lesson learned from hurricanes

Themost frequently reported lesson learned (Table 6) was the need
for continued improvement and strengthening of emergency pre-
paredness plans (56.3%); increasing inventory supplies such as
food, water, first aid kits, and medications, as well as fuel, etc.
(41.7%); and improving internal and external communication sys-
tems (37.5%). Other frequently reported learned experiences
undertaken by SDOs include improving infrastructure capacity
(50.0%) and training their staff as first responders (37.5%). For
EPOS, providing education and training (41.2%) were common
actions taken for better preparedness. Almost a third (28.5%) of
GAs reported sharing experiences and information on areas for
improvement and establishing and strengthening relationships
with different stakeholders and partners.

Lessons mentioned by interviewers included: ‘We purchased a
20-thousand-gallon fuel tank, added a new power generator, we
built a water well to expand our water supply capacity, and substi-
tuted the water heater fueled by gas for 1 fueled by diesel since it is
cheaper and easier to maintain : : : ’ Another indicated ‘We are
generating our own oxygen and renewable energy. Our goal is to
become energy independent using the reimbursable funds received
from FEMA : : : .’ Another mentioned: ‘We implemented a

communications redundancy system, purchased additional satellite
phones, and improved our internet connectivity : : : ’

As described in Table 7, HSOs expressed needing an integrated/
centralized plan to respond to the next emergency (40.9%), fol-
lowed by government support (22.7%). Additionally, 20.5% of
organizations identified having an educated and prepared staff
to respond, and having effective communication channels between
all parties involved, as important tools for disaster preparedness.
Within the government and the private sector, interviewers men-
tioned the need to have ‘clarity on the existing resources available
both locally and at the federal level (i.e., resources database); which
agencies are responsible for what, and how the communication and
coordination process will be handled.’ The planning process should
also consider having ‘emergency funds, adequate storage space
and management of supplies, and a clear command center to iden-
tify needs, channel donations, and prevent duplicity and
mismanagement.’

Discussion

Disaster preparedness plans

Although we found that most participating HSOs had prepared-
ness plans prior to the hurricanes, there was limited information
about the emergency preparation level (e.g., 4 or 5 of hurricane
level). However, all HSOs reported being deficient to respond to

Table 4. Main factors that facilitated the recovery post-hurricane Maria, n (%)

Factor
Services delivery

(n= 27)
Emergency, philanthropic, and other

support (n= 16) †

Government
agencies
(n= 6)†

All organizations
(n= 49)†

Human resources support and commitment 18 (66.7) 11 (68.8) 1 (16.7) 30 (61.2)

Networks and partnership support 8 (29.6) 7 (43.8) 2 (33.3) 17 (34.7)

Economic support 12 (44.4) 4 (25.0) 1 (16.7) 17 (34.7)

Facilities and equipment improvements 10 (37.0) 4 (25.0) 2 (33.3) 16 (32.7)

Strong infrastructure capacity 6 (22.2) 6 (37.5) 2 (33.3) 14 (28.6)

Anticipated preparedness plan 7 (25.9) 2 (12.5) 1 (16.7) 10 (20.4)

Trained and prepared staff 4 (14.8) 2 (12.5) 2 (33.3) 8 (16.3)

Federal government support 3 (11.1) 1 (6.3) 2 (33.3) 6 (12.2)

Healthy economic/financial capacity 3 (11.1) 2 (12.5) – 5 (10.2)

Private insurances coverage 2 (7.4) 2 (12.5) – 4 (8.2)

Note: †Not all organizations reported specific factors that facilitated the recovery post-hurricane Maria.

Table 5. Greatest barriers to the recovery from hurricane Maria, n (%)

Barriers

Services
delivery
(n= 27)

Emergency, philanthropic, and other
support (n= 18)

Government
agencies
(n= 7)

All organizations
(n= 52)

Lack or delay of economic resources/ support 11 (40.7) 4 (22.2) 4 (57.1) 19 (36.5)

Lack of an integrated emergency response plan 12 (44.4) 7 (38.9) – 19 (36.5)

Lack of government response plan 9 (33.3) 8 (44.4) 1 (14.3) 18 (34.6)

Lack of effective communication 11 (40.7) 4 (22.2) – 15 (28.8)

Bureaucracy (local and federal) 7 (25.9) 3 (16.7) 3 (42.9) 13 (25.0)

Lack of reliable electrical power 5 (18.5) 3 (16.7) – 8 (15.4)

Lack of information about availability of resources 2 (7.4) 2 (11.1) 1 (14.3) 5 (9.6)
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disasters of the magnitude of hurricane Maria. Deficiencies varied
across the different organization types, particularly as financial
resources, management systems, and technological sophistication
were not equally distributed. Hence, a key lesson learned (as
reported by many interviewees), is the importance of having a cen-
tralized, multi-level, and multi-organization plan that can leverage
resources and information to better prepare for, and respond to
future disasters. Researchers also found similar failure patterns
in HSOs’ crisis preparedness and learning from failures is an
important facilitator of preparedness for both this and future
emergencies.23

Communication strategy

Emergency management officials reported that 95% of cellphone
and other communication services such as landlines in both US
territories failed after hurricane Maria.24 Such an unprecedented
experience left all HSOs participants with the realization that even
among those that had redundancy in their systems, they needed to
expand their back-up capacity and improve their infrastructure to
ensure their operation’s continuity. A recent study in Puerto Rico
also found that the disruptions in care and services resulted from
damages to health systems, lack of basic services island-wide, and
the loss of communication with healthcare teams.25 However, our
study highlights that HSO main organizational improvement was
the acquisition of new equipment and technology such as satellite
and analog phones, solar radios, solar panels, and power generators

to ensure effective and evidence-based strategies for both internal
and external communication to be used during and after any
disaster.

Infrastructure capacity

Most HSOs activated their emergency plans, protected their facili-
ties/ equipment, and checked their level of supplies in preparation
for the hurricanes. These practices have been recommended by
organizations that worked with the emergency planning,
coordination, education, and management, as well as recovery
from disasters such as FEMA, Centers for Disease Control and
Prevention, and the Red Cross, among others.26,27 However,
SDOs, immediately after hurricanes, lacked critical supplies and
utilities, and GAs faced damages to infrastructure. It was noted that
these infrastructure challenges encountered might also be related
to the main response services provided by these organizations. For
example, we found that most SDOs offered emergency supplies to
their target population and GAs were focused in providing health-
care support where a strong infrastructure is needed to attend pop-
ulation needs.

A study in Puerto Rico found a similar experience in terms of
the infrastructure impact and capacity after these hurricanes.25

Researchers discovered that damages to infrastructure and loss
of utilities caused many delays and disruptions in the support
and services provided to the population after the hurricanes.25

Overall results revealed that all organizations should continue

Table 6. Lessons learned to be better prepared for a future disaster, n (%)

Lesson learned

Services
delivery
(n= 24)†

Emergency, philanthropic, and other sup-
port (n= 17)†

Government
agencies
(n= 7)

All organiza-
tions

(n= 48)†

Improve and strengthen emergency/ preparedness
plan

13 (54.2) 11 (64.7) 3 (42.8) 27 (56.3)

Increase the inventory of emergency supplies 17 (70.8) 3 (17.6) – 20 (41.7)

Improve internal and external communication 9 (37.5) 6 (35.3) 3 (42.8) 18 (37.5)

Improve infrastructure capacity 12 (50.0) 2 (28.6) 1 (14.3) 15 (31.3)

Provide education and training 7 (29.2) 7 (41.2) 1 (14.3) 15 (31.3)

Prepare human resources as first responders 9 (37.5) 5 (29.4) – 14 (29.2)

Establish and strengthen relationships with
stakeholders and partners

2 (8.3) 5 (29.4) 2 (28.5) 9 (18.8)

Share experiences and areas for improvement with
others

2 (8.3) 4 (23.5) 2 (28.5) 8 (16.7)

Have back-up servers and redundancy 3 (12.5) 1 (5.9) 1 (14.3) 5 (10.4)

Note: †Not all organizations reported specific actions to be better prepared for a future disaster.

Table 7. Needed support to be prepared for a future disaster, n (%)

Support

Services delivery
providers
(n= 26) †

Emergency, philanthropic, and other
support (n= 12)†

Government
agencies
(n= 6) †

All organizations
(n= 44) †

Having access to an integrated and centralized plan
to response

10 (38.5) 6 (50.0) 2 (33.3) 18 (40.9)

Government support 7 (26.9) 3 (25.0) – 10 (22.7)

Have educated and prepared human resource (i.e.,
staff, volunteers) to respond

7 (26.9) 2 (16.7) – 9 (20.5)

Effective communication channels 6 (23.1) 2 (16.7) 1 (16.7) 9 (20.5)

Funding/ Economic support 5 (19.2) 3 (25.0) – 8 (18.2)

Collaborators/ partnership support 4 (15.4) 3 (25.0) – 7 (15.9)

Note: †Not all organizations reported specific preparedness support for a future disaster.
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working to build a culture of disaster preparedness and make
improvements to their infrastructure capacity as shown in
literature.28,29

Human resources

The staff of these organizations are at the heart of the preparation,
response, and recovery efforts.30 However, not all interviewed
HSOs had a clear plan or delivered critical support to their own
employees. A similar challenge was observed in a study that
reported limited capability experienced by the human resources
and teams responding after hurricane Katrina in 2006.31

In our study, HSOs, SDOs, and EPOS provided emergency sup-
plies, food, water, and financial support to their staff; very few GAs
provided any of this assistance to their employees. The support
GAs prioritized for their staff was healthcare and some mental
health services, as many of their employees actively engaged in
emergency evacuations due to floods, lost homes, and other acci-
dents. Despite the type of organization, the available literature sug-
gested that emergency response teams should act quickly in the
preparation for, and response to any unknown emergency.32

Based on the experience reported by many participants across
all healthcare and social organizations, including GAs, it is critical
to adequately plan and support human resources to ensure an
effective response and a resilient recovery process as other practices
made by relevant organizations.29,30

Disaster recovery

The speed and success of recovery can be greatly enhanced by
establishing adequate processes and protocols prior to a disaster
and ensuring that local and federal authorities allocate and deploy
needed resources in a timely, fair, and transparent manner.33

Recovery in PR and the USVI was slow, and even after almost 5
years, much remains to be done to fully recover.34 Although the
socio-economic and political status of these US territories are
not the same as any US State, we observed a pattern of a slow recov-
ery process similar to New Orleans after hurricane Katrina. Over a
decade has passed since, and there is still a need to obtain funding
for rebuilding, developing reconstruction programs for vulnerable
populations, and integrating preparedness and response efforts
across the city.35,36

Facilitators of the recovery process

Support and commitment of human resources was the main factor
that facilitated the post-hurricane recovery for HSOs, SDOs, and
EPOS compared to GAs. Additional factors enabling the recovery
for SDOs were funding/ economic support and infrastructure
improvements compared to networks, partnership support, and
strong infrastructure capacity for EPOS. The influx of funding
coming from federal grants, health insurance reimbursements,
philanthropic donations, and property insurance payments were
key to continuing services and to making improvements to
HSOs’ infrastructure. We also found that infrastructure of SDOs
was impacted more compared to EPOS; therefore these factors
are critical for organizations’ own resilience. Conversely, the net-
work and partnerships are essential components for the recovery
operation of EPOS and have been used to build organization resil-
ience. Researchers identified the network and partnerships as key
components to build resilience and ensure recovery in the face of
multiple disruptions.37

Barriers of the recovery process

We found differences in the most frequent barriers to the recovery
from hurricane Maria by HSOs. SDOs identified lack of an inte-
grated response plan; EPOS identified lack of government plan/
response; and GAs identified lack/ delay of funding support.
They identified bureaucracy, lack of planning, transparency, and
limited sense of urgency as recovery barriers. All these barriers
are external to each HSO type. However, taken together, they dem-
onstrate the need to improve integration of efforts between sectors
as shown by others.38

A recent study found similar barriers identified by comparing
the experience of SARS/ MERS and COVID-19 in diverse coun-
tries, the results need to integrate an effective response network
in all countries.39 Successful post-disaster recovery requires
coordination and cooperation at multiple levels as well as horizon-
tally and vertically across layers of administration among govern-
ment and stakeholders.40,41 Better partnerships are critical to
manage the increased flow of funds, information, and other resour-
ces in every aspect of the disaster recovery phase.

Lessons learned

The lessons learned from hurricanes Irma and Maria, according to
HSOs, allowed them to identify gaps they had not considered
before and made them more resilient. SDOs were primarily
increasing the inventory of emergency supplies, food, water, and
materials; improving their capacity. EPOS provided education
and training to the community and target populations and
improved internal and external communication. In addition,
GAs improved internal and external communication to have an
integrated emergency preparedness plan.

Study results showed that having access to an integrated and
centralized plan to respond to the next emergency is needed.
Government support, education, human resources that are trained
and prepared to respond, and having effective communication
channels/ messages between all parties were identified as the best
practices to be implemented for future disaster preparedness.
Similar lessons learned were identified by researchers studying
emergency situations across countries including SARS/MERS
and COVID-19.39,42 Regardless of the country, the findings evi-
denced the importance of modifying governance structures to
establish effective emergency institutions and necessary legislation
as critical preparation step for future unknown emergencies.39

These results demonstrate that organizations are focused on pre-
paredness, advance coordination and planning, and on establish-
ing and strengthening relationships with local and external leaders
and communities, despite the multiple internal/ external chal-
lenges and gaps that remain for full recovery.43–45

Limitations

This study presents some limitations. First, the primary focus was
on PR. We only included 3 USVI organizations, which is insuffi-
cient to draw conclusions for USVI organizations separately. We
selected 1 SDO, EPOS, and GA from the USVI. Themes identified
from these interviews were like those reported by the participating
HSOs in PR. Also, some HSOs interviewed provided services in
both US territories.

Second, interviews were conducted after more than a year of
these hurricanes, while others took additional time due to
COVID-19 pandemic restrictions and earthquakes that affected
PR since January 2021. This could result in recall bias by the
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interviewees due to trauma-induced memory and potential mis-
classification.46 This also limited our ability to analyze the data
in terms of timing (i.e., actions taken by these organizations within
the first 24 to 72 hours, 3-6 months, and 1-year post-hurricane).
For all interviews, the interviewer used the semi-structured guide
and focused on questions and follow-up questions to reduce this
bias. We also explored differences in patterns between organiza-
tions interviewed before and after March 2020 (initiation of
COVID-19 lockdown in PR), and no differences were found.

Most interviewees were senior-level staff who may have over-
estimated their organizations’ disasters-preparedness and underes-
timated the impact of the event. However, the organizational
structure of most HSOs included in this study have a ‘thin’ layer
of administration, meaning that they are not distanced from front-
line-staff by position or physical distance within the organization.
This feature may have minimized potential bias from senior-level
staff. Although, inclusion of increased numbers of ‘frontline-staff’
should be done in future studies, as these individuals may indeed
have a varying perspective on organizational readiness and event
impact.

Further research is recommended to determine the relationship
between internal vs. external factors in the preparedness, response,
and recovery of HSOs from natural disasters including hurricanes.
In addition, research is needed to better understand the differences
and interdependencies identified in this study. Investigations
should also consider frameworks related to the Crisis and Risk
Communication practices to evaluate the best practices applied
for communication during an emergency disaster response.
Despite these limitations, this study presentedmulti-domain infor-
mation about the hurricane preparedness, response, and recovery
experience of HSOs in PR and USVI.

Conclusion

Healthcare and social organizations continued working to become
more resilient after the experiences lived through during hurri-
canes Irma/ Maria, and applied several lessons learned to improve
future disaster responses. This study suggests that HSOs should
promote a culture of preparedness and healthy organizational
capacity across all levels to be safe, ensure continuity of operations
and services, autonomy, and recover after any disaster. HSOs, also,
can learn from other organizations with more disaster experience,
and resilience. The government is a critical player to facilitate the
preparedness, response, and recovery experiences of HSOs for any
disaster. The government should envision an exemplary culture of
emergency preparedness by integrating efforts, resources, and sec-
tors at all levels, while actively engaging stakeholders/ players,
improving communication channels (internal/ external), and
incorporating and disseminating effort, resources, and action plans
to all relevant parties. In conclusion, organizations can never be too
prepared for any disaster, there are always opportunities to
improve their capacity, and response, as well as resilience and net-
works to minimize the impact in their infrastructure, resources,
services, and target populations.
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