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Progress and Opportunities
for Strengthening Global
Health Security

Frederick J. Angulo, Cynthia H. Cassell, Jordan W. Tappero, Rebecca E. Bunnell

In today’s interconnected world, an infectious disease
outbreak that is not rapidly detected and controlled at
its source can become a costly global health threat, both
in lives lost and economic turmoil (1,2). Every year, thou-
sands of outbreaks occur worldwide, many of which in-
volve pathogens with pandemic potential. Since 2009, the
World Health Organization (WHO) has declared public
health emergencies of international concern for outbreaks
of influenza A(HIN1) in 2009, Ebola in West Africa in
2014, and Zika in the Americas in 2015 (2). In 2007, the
International Health Regulations 2005 (IHR 2005) entered
into force, and all 196 state parties were legally bound to
implement the core capacity required under the regulations.
However, in 2014, almost two thirds of member states re-
ported not being in compliance (3). To accelerate progress
toward IHR 2005 compliance, the Global Health Security
Agenda (GHSA) was launched by 29 countries, WHO, the
Food and Agriculture Organization of the United Nations,
and the World Organisation for Animal Health in 2014 and
now includes >60 nations (4).

Also in 2014, the US government provided $6 billion
in emergency funding to end the Ebola epidemic in West
Africa and to begin the implementation of GHSA as an ini-
tial 5-year initiative. The Centers for Disease Control and
Prevention (CDC) received $1.8 billion of these funds to
contain Ebola in West Africa; these efforts included assis-
tance for countries at risk for introduction of Ebola and sup-
port for work with partners to enhance global health secu-
rity through GHSA implementation. As the need for action
to rapidly control outbreaks and epidemics is increasingly
recognized, it is useful to take stock of accomplishments
and persisting gaps in global health security.

This special supplement of Emerging Infectious Dis-
eases on global health security presents an inventory of
key efforts by CDC, in collaboration with many partners, to
foster health security worldwide, especially by strengthen-
ing national public health core capacities. This supplement

Author affiliation: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA

DOI: https://doi.org/10.3201/eid2313.171758

begins with several summary articles and then provides
specific examples of global health security improvements
in articles organized by sections entitled Prevent, Detect,
and Respond.

Tappero et al. (4) and Fitzmaurice et al. (5) summarize
selected CDC contributions to enhancing global health se-
curity from 1980 through 2017 and describe how expanded
efforts under GHSA have been built on a framework creat-
ed by the long history of CDC for capacity building efforts
in selected partner countries. Another keynote article in the
supplement describes how, after the 2014-2016 West Afri-
ca Ebola outbreak, Liberia, Sierra Leone, and Guinea have
made substantial progress toward IHR 2005 implementa-
tion (6). To ensure credibility in the international effort to
strengthen public health capacities for IHR 2005 compli-
ance, WHO has developed and implemented the WHO
Joint External Evaluation (JEE) tool (7). The JEE process
is a vital independent global health security monitoring
tool that through October 2017 has been implemented in
58 countries and is documenting both the advances toward,
and gaps remaining, in national capacities for prevention,
detection and control of public health threats (5,7).

Prevent
Preventing the emergence and spread of infectious disease
threats requires prevention and control of antimicrobial re-
sistance, zoonotic diseases, vaccine-preventable diseases
(VPDs), and their potential spread across international bor-
ders. Global efforts aimed at building national capacities
for IHR 2005 compliance are complemented by targeted
disease and country-specific efforts. For example, the En-
hanced Gonococcal Antimicrobial Surveillance Program
aims to inform country-specific treatment guidelines and
enhance prevention and control efforts (8), and the Presi-
dent’s Malaria Initiative’s collaboration with the Antima-
larial Resistance Monitoring in Africa Network supports
the early detection of Plasmodium falciparum resistance to
facilitate appropriate interventions (9).

Zoonoses prevention and control programs use a
One Health approach with multisectoral collaboration be-
tween human and animal health. Several countries have
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conducted One Health prioritization exercises to identify
their major zoonotic diseases (10), a critical step in efforts
to control endemic zoonotic diseases (11). Ethiopia, the
Democratic Republic of the Congo, and Georgia are all
developing successful integrated zoonotic prevention and
control programs (12).

Maintaining high population-wide vaccine coverage is
a crucial prevention activity, particularly for VPD health
security threats. For example, the failure to sustain high
vaccine coverage led to a nationwide measles epidemic in
Mongolia, a country previously verified as measles-free
(13). VPD strategies include data improvement teams,
which visit district health facilities and can result in im-
proved vaccine administration data through evaluations
and training efforts (14). Another approach for VPD is the
Latin American Pertussis Project, a collaboration among 6
countries to address pertussis, a poorly controlled VPD in
the region (15). Finally for antimicrobial resistance, zoo-
notic diseases, VPDs, and other public health threats, bor-
der health efforts aimed at preventing spread of communi-
cable diseases across international boundaries are essential
and have been used successfully (16,17).

Detect
Global health security relies on all countries having >3 ca-
pacities: 1) an adequate national public health laboratory
capacity to safely transport and accurately evaluate biolog-
ic specimens with appropriate diagnostic testing methods,
2) a sustained and timely public health surveillance system,
and 3) a trained competent workforce to conduct essential
outbreak investigations. Although rapid laboratory confir-
mation of public health threats is a complex endeavor, re-
quiring long-term technical assistance and major resources,
many countries are advancing key components. For exam-
ple, Ghana conducted a national public health laboratory
system assessment in support of the Second Year of Life
initiative for sustaining adequate vaccine coverage through
24 months of age and for monitoring GHSA-sponsored
public health laboratory enhancement efforts (18). South
Korea is enhancing its public health laboratory to meet the
standards of the US Laboratory Response Network, which
will facilitate the ability of this country to rapidly deter-
mine the etiology of most public emergencies (19).
Surveillance is the cornerstone for rapidly detecting
public health threats. The WHO Early Warning Alert and
Response Network is a major tool for conducting public
health surveillance in humanitarian emergencies, includ-
ing in refugee and displaced person camps (20). Other vital
global health security assets are CDC regional Global Dis-
ease Detection centers in 10 countries that have provided
novel public health surveillance and informatics contribu-
tions alongside laboratory research since 2001 (21). Other
disease- and country-specific efforts have also informed

best practices, including enhancing anthrax surveillance
programs in anthrax-endemic countries (22) and use of
alternative surveillance approaches, such as burial permit
reviews, to describe cholera mortality rates in Tanzania
during a 2016 epidemic (23).

Rapid detection of public health emergencies also re-
quires an adequate public health workforce, particularly
trained field epidemiologists, who can conduct timely and
appropriate field investigations. The CDC international
2-year Field Epidemiology Training Program (FETP) be-
gan 35 years ago and has established 65 FETP programs in
90 countries, with >3,900 graduates of the 2-year field epi-
demiologist training (24). To meet the global health need
for more trained field epidemiologists, particularly at the
district level, training has been expanded in many coun-
tries to include a 3-month FETP-Frontline program (25).
In 2014-2016, a total of 24 new FETP-Frontline programs
were initiated with >1,860 participants (4).

Respond

Efficiently responding to public health emergencies is es-
sential for preventing further disease spread and control-
ling outbreaks at their source. Outbreak responses world-
wide have demonstrated the need for a structured incident
management system, which is a critical component for a
highly functional and efficient Emergency Operation Cen-
ter. Many countries, particularly GHSA partner countries,
have enhanced their emergency response capacity by estab-
lishing emergency operation centers with a strong incident
management system foundation (26,27). Complex humani-
tarian emergencies frequently involve the most difficult
settings, including fragile states and areas of conflict, and
recent case studies illustrate the difficulty of supporting a
sustained response in such settings (28). After the 2014—
2016 West Africa Ebola epidemic, CDC established the
Global Rapid Response Team (GRRT) to ensure a ready
force of trained responders. In the first 16 months, GRRT
members deployed 291 times to 35 countries (29). Medical
countermeasures, which are medical interventions aimed at
controlling public health emergencies, can be essential for
rapid response and containment and include using vaccina-
tion during outbreaks of cholera, typhoid, yellow fever, and
Ebola virus disease (30).

Conclusions

Global health security relies on IHR 2005 compliance by all
countries and, as such, remains an unfinished journey (31).
Although much has been accomplished through the first
years of GHSA implementation, JEEs around the world
highlight numerous prevent, detect, and respond capabili-
ties that still need strengthening. Also lacking is an evi-
dence base of the most effective, timely, and cost-effective
approaches to building national capacities for IHR 2005
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compliance. As countries and partners continue their work
to build health security capabilities, there will be useful op-
portunities to evaluate different implementation strategies
and to document the impact of newly acquired capacities.
Continuing this work and thereby sustaining this momen-
tum toward IHR 2005 compliance is critical for protecting
Americans and other persons worldwide.
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To achieve compliance with the revised World Health Orga-
nization International Health Regulations (IHR 2005), coun-
tries must be able to rapidly prevent, detect, and respond
to public health threats. Most nations, however, remain un-
prepared to manage and control complex health emergen-
cies, whether due to natural disasters, emerging infectious
disease outbreaks, or the inadvertent or intentional release
of highly pathogenic organisms. The US Centers for Dis-
ease Control and Prevention (CDC) works with countries
and partners to build and strengthen global health security
preparedness so they can quickly respond to public health
crises. This report highlights selected CDC global health
protection platform accomplishments that help mitigate
global health threats and build core, cross-cutting capacity
to identify and contain disease outbreaks at their source.
CDC contributions support country efforts to achieve IHR
2005 compliance, contribute to the international framework
for countering infectious disease crises, and enhance health
security for Americans and populations around the world.

To contain health threats and ensure global health se-
curity, all countries must rapidly detect and respond
to public health emergencies and, when overwhelmed,
call upon global deployment capacity. This need is clearly
evident, as the world is more susceptible to infectious dis-
ease threats due to increased international travel and trade,
spread of newly emerging or reemerging microbes, and in-
advertent release of dangerous pathogens from laboratories
or bioterrorism acts.

Following the 2002-2003 severe acute respiratory
syndrome (SARS) coronavirus outbreak, which demon-
strated how rapidly a pathogen could spread to 26 coun-
tries (1), the World Health Organization (WHO) in 2005
adopted the revised International Health Regulations (IHR
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2005), a legally binding international treaty. In June 2007,
all 196 WHO member states committed to reaching IHR
2005 compliance by 2012 (2). The 2009 pandemic of influ-
enza A(HIN1) resulted in the first declaration of a public
health emergency of international concern under IHR 2005
(3) and provided new evidence that the world was ill pre-
pared for a global health crisis. Numerous threats followed
HINI, including cholera in post-earthquake Haiti in 2010
(4); Middle East respiratory syndrome coronavirus in Saudi
Arabia in 2012 (5) and its exportation to the Middle East,
Europe, Asia, and the United States; West Africa Ebola
virus disease in 2014 (6); chikungunya virus in 2013 and
Zika virus in 2015 in the Americas (7); and yellow fever
virus reemergence in Africa, China, and Brazil in 2015 (8).
Despite these serious threats, only 33% of WHO member
states had self-reported ITHR 2005 compliance by Decem-
ber 2014 (9).

Building and maintaining global preparedness for pan-
demic threats and IHR 2005 compliance requires coordina-
tion and technical expertise across multiple stakeholders. To
protect Americans and the global community from health
threats, the US Centers for Disease Control and Prevention
(CDC) has established a global health protection platform
that works with ministries of health (MOHs); other partners
(e.g., host country partners, WHO, nongovernmental orga-
nizations, and academic institutions); CDC country offices;
and agency programs, including those dealing with influ-
enza, emerging zoonotic diseases, HIV, malaria, and polio
(10). CDC has also worked on building cross-cutting core
capacities to ensure protection from these specific diseases
and unpredictable new health threats through initiatives
such as the Field Epidemiology Training Program (FETP)
and the Global Disease Detection (GDD) network (11,12).
This report highlights selected CDC global health protec-
tion platform accomplishments, enhanced through the

1Group members are listed at the end of this article.
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Global Health Security Agenda (GHSA), that strengthen
emergency mitigation and capacity-building partnerships
dedicated to containing threats at their sources.

Emergency Mitigation of Global Health Threats

Ending the West Africa Ebola Outbreak

The unprecedented 2014-2016 West Africa Ebola epidem-
ic devastated Guinea, Liberia, and Sierra Leone, 3 of the
world’s poorest nations (13). These countries accounted
for >99% of reported cases (28,652) and deaths (11,325)
from Ebola virus infections (6). Ending the epidemic re-
quired enormous efforts from affected countries and col-
laborations with international partners, including CDC (6).
CDC supported >3,500 staff deployments, engaging in
epidemiologic fieldwork, laboratory testing, risk-reduction
communications, improvements in infection control, and
research on risk factors for transmission, viral persistence,
and an Ebola vaccine (Table 1).

In December 2014, the US Congress authorized $1.2
billion in emergency funding for CDC to end the Ebola epi-
demic and accelerate GHSA implementation in partnering
countries (Figure 1) (14). In early 2015, these funds made
it possible for CDC to augment its response with new CDC
country offices in Guinea, Liberia, and Sierra Leone, which
enhanced response activities to end the epidemic. These
countries are now implementing GHSA to build national
resilience and preparedness capability (Table 1; Figure 1).
Key examples of this work’s impact are the efficient iden-
tification and control of the past 7 Ebola virus clusters (17)
during 2015-2016 and the rapid response to a cluster of
deaths from Neisseria meningitidis infection in Liberia in
2017 (18). These countries are demonstrating that they are
now better prepared to prevent, detect, and respond to seri-
ous disease threats (Table 2).

Global Rapid Response Team

The 2014-2016 West Africa Ebola epidemic was the larg-
est emergency response in CDC’s history (6). The iden-
tification, training, and deployments of >3,500 CDC staff
taxed agency human resource systems and challenged re-
sponse continuity in the early months. To ensure sustained
readiness for the next health emergency, CDC now trains
and rosters a Global Rapid Response Team of >400 experts
with a broad range of technical and language skills, poised
to deploy on short notice and remain in the field for up to 6
months (Table 1).

During September 2015—June 2017, these responders
were mobilized >420 times and contributed >14,000 cu-
mulative person-days to emergency response in the field,
in Atlanta’s Emergency Operations Center (EOC), or
both (Table 1). During this period, the Global Rapid Re-
sponse Team responded to 13 emergencies in 25 countries,

including Zika virus in the Americas (217 mobilizations,
9,494 person-days, 15 countries and territories, and EOC);
yellow fever in Angola and the Democratic Republic of the
Congo (20 mobilizations and 1,097 person-days); Hurri-
cane Matthew in Haiti (59 mobilizations and 1,235 person-
days); and, most recently, Ebola virus in the Democratic
Republic of the Congo.

Rapid Humanitarian Responses

Humanitarian crises resulting from natural disasters (e.g.,
earthquakes, tsunamis, floods, and droughts); armed con-
flict; or civil strife routinely lead to large-scale population
displacements. Whether migrating outside their countries
as refugees or internally displaced in their homelands, dis-
rupted populations routinely experience increased illness
and death from respiratory and diarrheal pathogens asso-
ciated with overcrowding; disrupted health services (e.g.,
childhood immunizations, treatment for HIV and tubercu-
losis); and lost access to food, clean water, and sanitation
(19,20). For >50 years, CDC has provided technical sup-
port to WHO, United Nations agency partners, and others
to define the public health aspects of such complex humani-
tarian emergencies and establish disease surveillance and
interventions to mitigate the health consequences of dis-
placement (21-24).

The number of persons affected by complex emer-
gencies has increased over the past decade. In 2016 alone,
>125 million persons needed humanitarian assistance (25).
During 2007-2016, CDC responded to >20 crises that each
affected >10,000 people, each with a crude mortality rate of
>1/10,000 persons/day (e.g., the 2010 earthquake in Haiti,
the Horn of Africa drought and famine of 2011-2014, and
the Syrian crisis since 2012). During 2011-2016, CDC de-
ployed staff for >380 missions in >40 countries to apply
public health principles and epidemiologic science to miti-
gate the health impacts of complex emergencies (Table 1).
For the crisis in Syria, CDC deployed staff who worked
with nongovernmental organizations and the United Na-
tions Children’s Fund to establish and train staff to con-
duct surveillance, measles vaccination campaigns, and
nutritional surveys. In response to the 2011-2012 Horn of
Africa famine, CDC worked with partners to implement
morbidity and mortality surveillance systems in 3 countries
(Table 1).

Public Health Emergency Management Program

The terrorist attacks of September 11, 2001, intentional use
of anthrax spores as a biologic agent during that same year,
and increasing numbers of outbreaks and complex humani-
tarian responses prompted CDC to develop a US-based
public health emergency management (PHEM) program
(26). CDC initially implemented its incident management
system (IMS) and activated its EOC in response to SARS
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Table 1. Selected US CDC global health protection platform accomplishments*

Global health protection accomplishments Number Timeframe

Emergency mitigation of global health threats
Ending the West Africa Ebola outbreak

CDC staff deployments overall, domestic and international >3,500 2014-2016

Departing passengers in the 3 affected countries screened for Ebola virus disease >339,000 2014-2016

Vaccinations of health workers in Ebola trial >8,000 2015

Days of continuous operation of high-throughput laboratory capacity in Sierra Leone; >23,000 421 2014-2015

specimens tested

US healthcare workers trained in Anniston, AL, to work in West Africa >600 2015
GRRT

CDC-trained GRRT experts prepared to deploy on short notice to a public health emergency >400 2017 (Jun)

GRRT mobilizations (>14,000 cumulative person-days), supporting responses to global health >420 2015-2017 (Jun)

emergencies including Zika, yellow fever, cholera, measles, polio, and Ebola
Rapid humanitarian responses

Staff deployments in response to public health humanitarian emergencies in >40 countries >380 2011-2016
Staff deployments to 6 countries in response to Syria crisis 85 2012-2016
Countries with morbidity/mortality surveillance systems implemented in response to Horn of Africa 3 2011-2012
famine
PHEM program
Fellows from 28 countries trained through CDC PHEM fellowship 69 2013-2017 (Jun)
Countries that have received CDC emergency management technical assistance and training 56 2013-2016
Countries that participated in a real and/or simulated response with CDC technical assistance 19 2013-2016
Global Disease Detection Operations Center
Serious public health threats assessed >1,500 2007-2016
Countries where serious outbreaks were investigated/contained, where CDC provided technical >190 2007-2016
assistance
Unique diseases tracked globally >170 2007-2016
Outbreaks monitored and reported in >130 countries for ~40 different diseases ~300 2016
GDD activities
GDD regional centers 10 2006-2016
New diagnostic tests established in national or regional laboratories >380 2006-2016
New strains/pathogens detected and/or discovered (new to the world, new to country or region, or 79 2006-2016

new modes of transmission likely because of increased ability to detect through newly introduced
laboratory tests) in which GDD assisted in detection and identification

Outbreaks responded to by GDD center that provided epidemiology and/or laboratory assistance 2,051 2006-2016
Outbreak investigations in which laboratory support was provided 1,363 2006-2016
Participants who received public health trainings conducted at national and/or regional level on 115,566 2006-2016

topics, including epidemiology, laboratory, all-hazards preparedness, and risk communication

Capacity-building partnerships to contain threats at the source
GHSA implementation

GHSA countries: 17 Phase | countries, 14 Phase Il countries, and CARICOMT >31 2015-2017 (Mar)
Phase | countries with enhanced surveillance systems for zoonotic diseases 13 2015-2017 (Mar)
Countries that detected dangerous pathogens using new equipment and capabilities 16 2015-2017 (Mar)
Phase | countries supported in development of Emergency Operations Centers 16 2015-2017 (Mar)
Joint External Evaluation
GHSA assessments conducted before tool finalization 6 2016
Evaluations completed 52 2016-2017 (Jul)
Public health workforce development
Countries with CDC-supported FETPs 65 1980-2016
Graduates of FETPs-Advanced >3,900 1982-2016
Outbreaks investigated by FETP-Advanced trainees >3,300 2005-2016
New FETPs-Frontline started 24 2014-2016
Participants in FETPs-Frontline >1,860 2015-2016

Global vaccine-preventable disease activities
STOP program volunteers trained in surveillance principles to detect and respond to cases of polio 2,010 1998-2017 (Jul)
and other vaccine-preventable diseases

Countries with volunteers deployed for the STOP program 77 1998-2016

Countries supported by CDC to build national STOP programs 4 1998-2016
NPHIs

Members of International Association of National Public Health Institutes and supported by CDC >100 2016

Countries receiving NPHI development support from CDC >20 2016

Persons across the globe served by NPHIs 5 billion 2016

*CARICOM, Caribbean Community; CDC, Centers for Disease Control and Prevention; FETP, field epidemiology training program; GDD, Global Disease
Detection; GHSA, Global Health Security Agenda; GRRT, Global Rapid Response Team; NPHI, National Public Health Institute; PHEM, public health
emergency management; STOP, Stop Transmission of Polio.

TCARICOM is an organization of 15 Caribbean nations and dependencies. In 2015, the US government committed to accelerating GHSA implementation
with 31 countries and CARICOM (Figure 1). In 17 Phase |, 14 Phase Il, and CARICOM nations (Figure 1), CDC provides technical assistance to support
country capacity assessments, the development of 5-year GHSA road maps, and annual GHSA implementation plans. In the Phase | countries, CDC also
provides financial support for implementation of the GHSA action packages (Table 2) (14-16).
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Figure 1. Global Health Security Agenda (GHSA) member countries as of July 25, 2017 (https://www.ghsagenda.org/members). *GHSA
member countries that are not directly supported by the US government. TUS government—supported GHSA member countries. CDC
provides technical assistance to support country capacity assessments, the development of 5-year GHSA road maps, and annual GHSA
implementation plans in Phase |, Phase Il, and CARICOM nations. In the Phase | countries, CDC also provides financial support for
implementation of the GHSA Action Packages. $CARICOM is an organization of 15 island nations. CARICOM, Caribbean Community;

GHSA, Global Health Security Agenda.

outbreaks in 2002-2003. During 2001-2016, CDC has
responded to 62 public health emergency events; on 244
other occasions, components of PHEM were used to sup-
port responses not requiring full EOC activation. In 2009,
the PHEM program began assisting MOHs with strength-
ening their emergency preparedness through IMS trainings,
EOCs, and emergency response plan development.

In 2013, in response to increasing global requests
for more sustained emergency management training out
of CDC’s EOC, CDC established its PHEM Fellowship
Program. Also in 2013, CDC received accreditation from
the Emergency Management Accreditation Program (27).
CDC is now a recognized world leader in PHEM, pro-
viding technical assistance to GHSA and other countries
(Figure 1).

Global Disease Detection Operations Center

CDC established the Global Disease Detection Opera-
tions Center (GDDOC) in early 2007 to identify and moni-
tor health threats to the American public and global com-
munity. Using event-based surveillance for early alerting
and situation awareness, a team of analysts routinely moni-
tor numerous information sources (e.g., Internet, tradition-
al and social media) for disease events using keywords in
>50 languages, and validate accuracy with MOHs, WHO,
Food and Agricultural Organization of the United Nations,

World Organisation for Animal Health, and other partners.
GDDOC monitors 3040 public health threats daily, track-
ing situations that could develop into public health emer-
gencies of international concern (28). During 2007-2016,
GDDOC conducted event-based surveillance and dissemi-
nated information on >1,500 outbreaks occurring in >190
countries (Table 1).

GDDOC outbreak response support has included
staff deployments and the provision of personal protective
equipment, laboratory diagnostic test equipment, reagents,
and supplies. GDDOC deploys CDC staff directly to the
host country and through the WHO-hosted Global Out-
break Alert and Response Network. Emergency funding
from the US Congress in 2014 for Ebola and GHSA made
it possible to dramatically augment bilateral and Global
Outbreak Alert and Response Network deployments for the
West Africa Ebola epidemic. During 2016-2017, GHSA
support substantively enhanced GDDOC’s capacity to con-
duct event-based surveillance.

Global Disease Detection Regional Centers

Following the 2002-2003 SARS outbreak, in 2004, the
US Congress authorized funding for CDC to establish a
regional Global Disease Detection (GDD) Program. Cur-
rently, CDC works with MOHs in 10 countries (Table 1;
Figure 2) to host GDD Centers in a network supporting >90
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Table 2. Global Health Security Agenda’s prevent, detect, and
respond framework against infectious disease threats and its 11
measurable action packages (14,15)
Steps and actions
Prevent: systems, policies, and procedures to mitigate avoidable
outbreaks
Surveillance to guide slowing of antimicrobial resistance
National biosecurity system
Policies and practices that reduce the risk of zoonotic disease
transmission
Immunization of 90% of children <1 year of age with >1 dose of
measles vaccine
Detect: a national surveillance and laboratory system capable of
reliable testing for >5 of 10 core tests relevant to the country’s
epidemiologic profile on specimens from disease clusters in
>80% of districts
Standardized surveillance for 3 core syndromes
Regional and national interoperable electronic reporting
systems
Timely reporting to World Health Organization (WHO), World
Organisation for Animal Health (OIE), and Food and
Agriculture Organization of the United Nations (FAO)
Multidisciplinary public health workforce with =1 epidemiologist
per 200,000 population
Respond: a national public health Emergency Operations Center
capable of activating an emergency response in <2 hours
Trained rapid response teams
Linkages between public health and law enforcement for
suspected biologic attacks
National framework to engage international partners during a
public health emergency

countries. GDD Centers develop public health capacity by
conducting epidemiology-, informatics-, and laboratory-
based activities and scientific research. GDD Centers char-
acterize public health threats through surveillance, applied
research, and pathogen detection and discovery. During
2006-2016, GDD Centers conducted surveillance for key
infectious diseases and syndromes; established >380 new
diagnostic tests in national or local laboratories in 59 coun-
tries; assisted in the discovery and/or detection of 79 strains
or pathogens new to the world, country, or region; respond-
ed to 2,051 requests for disease outbreak assistance; and
trained 115,566 professionals at the national and regional
level on public health topics (Table 1). Increasingly, GDD
Centers are leading applied research and surveillance ef-
forts to identify the most effective and efficient capacity-
building activities that ensure health security.

Capacity-Building Partnerships to
Contain Threats at the Source

Global Health Security Agenda Implementation

With growing recognition that infectious disease outbreaks
can become pandemics, resulting in considerable loss of
life and economic cost, GHSA was launched in February
2014 by 29 countries, WHO, the Food and Agricultural
Organization of the United Nations, and the World Organ-
isation for Animal Health to rapidly identify and mitigate
infectious disease threats at their source (15). Now, >60

Contributions to Global Health Security

nations are GHSA member countries (Figure 1). The group
of 7 industrialized democracies (G7), South Korea, Cana-
da, Nordic countries, and a growing list of private partners
have pledged financial support for GHSA implementation
in up to 76 countries (Figure 1).

In 2015, the US government committed to accelerat-
ing GHSA implementation with 31 countries and the Ca-
ribbean Community, an organization of 15 island nations
(Figure 1). The United States is investing >$1 billion to
advance GHSA’s prevent, detect, and respond framework
against infectious disease threats through implementation
of 11 measurable action packages (Table 2) (14-16). In 17
Phase I countries, 14 Phase II countries, and the Caribbean
Community (Figure 1; Table 1), CDC supports country ca-
pacity assessments, 5-year roadmaps, and annual GHSA
implementation plan development. In addition, in Phase |
countries, CDC provides financial support for implemen-
tation of these action packages; substantial progress was
achieved in the first year (16). To reduce the risk of emer-
gent zoonotic infections, 13 countries have expanded sur-
veillance systems in humans, wildlife, and animals to foster
prevention (Table 1). Ten countries have expanded surveil-
lance systems to include more vaccine-preventable diseases
(VPDs), which should strengthen national vaccine delivery
systems, including the capacity for emergency vaccination
to mitigate an outbreak. For example, community-level
monitoring can accelerate targeted immunization, halving
the number of vaccine-preventable meningococcal disease
cases in West Africa outbreaks (29,30).

To enable disease detection and response efforts, a
strong national reference laboratory system requires a tiered
laboratory network, including capable central reference
laboratories linked to regional and peripheral laboratories
with appropriate testing capacities at each level; systems
for timely and safe transport of samples and return of re-
sults; and procedures that assess and ensure quality. GHSA
resources have supported enhanced training for laboratory
technicians in 17 Phase I countries, and 16 countries have
detected dangerous pathogens using new equipment (Table
1). All 17 Phase I countries have established or expanded
the training of field-based epidemiologists, thereby greatly
enhancing the number of staff that can detect and effective-
ly respond to health threats at the subjurisdictional level.

A national IMS with coordination of response through
EOC:s is essential for mitigating public health threats. Six-
teen Phase | countries have established or strengthened
their national EOCs to manage and monitor health events in
real time; of these, 11 have activated their EOCs for simu-
lated and/or real emergency responses.

Joint External Evaluation
With so few countries meeting their IHR 2005 commit-
ments through 2014, a validated monitoring program to
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Figure 2. Selected programs that enhance US Centers for Disease Control and Prevention (CDC) global health protection platform. This
map does not include CDC international influenza, malaria, HIV/AIDS, and immunization programs.

measure and facilitate progress toward compliance was
needed. With CDC support, external and independent
GHSA assessments were piloted throughout 2015 in 6
countries to establish a baseline for targeting implementa-
tion (Table 1; Figure 3). In February 2016, WHO, working
with CDC and GHSA partner countries, adopted the Joint
External Evaluation (JEE) tool to harmonize independent
monitoring for both GHSA targets and IHR 2005 compli-
ance efforts across all 19 IHR core preparedness capacities
(31). JEEs are designed to establish a baseline measure-
ment for a country’s capacity, inform national policy set-
ting, target resources, track progress, and highlight priority
areas for improvement.

By mid-July 2017, 52 JEE country assessments were
complete, and 27 JEE reports were publicly posted. An ad-
ditional 25 countries are scheduled for a JEE through 2018
(Table 1; Figure 3).

Public Health Workforce Development

A well-trained and retained public health workforce is a
cornerstone for achieving IHR compliance. CDC is helping
develop a global workforce through the FETP-Advanced,
modeled after CDC’s 2-year Epidemic Intelligence Service
(11). Since FETP’s inception outside North America in
1980, CDC has supported FETPs-Advanced in 65 countries
and graduated >3,900 advanced field epidemiologists (Table
1; Figure 2); of these graduates, up to 80% continue to serve
in public health programs in their home countries (12). In

S10

GHSA Phase I countries, >1,600 persons have completed
FETP training. In 2001, CDC started an FETP-Intermedi-
ate of 6-9 months’ duration to address district-level public
health surveillance and outbreak response gaps in 13 coun-
tries. Through 2016, >700 disease detectives had completed
intermediate training. During 2005-2016, FETP-Advanced
graduates conducted >3,300 outbreak investigations (Table
1). In response to the West Africa Ebola epidemic, FETP
prioritized the expansion of FETP-Frontline programs, pro-
viding a 3-month training for district surveillance officers to
improve local disease detection and response. During 2014—
2016, CDC supported 24 new FETP-Frontline programs,
mentoring >1,860 participants (Table 1).

International Influenza and Respiratory Diseases

Since the 1980s, CDC has supported influenza surveil-
lance and laboratory capacity globally. As of June 2017,
CDC supports influenza activities in 79 countries, assist-
ing MOHs and other laboratory partners in the Global In-
fluenza Surveillance and Response Network in the early
detection of potential pandemic threats and provides the
world with access to new influenza strains to enable the
development of effective seasonal influenza vaccines and
vaccines against novel influenza strains that have pandemic
potential (e.g., the H7N9 avian strain currently circulating
in China) (32). With GHSA support, the online Interna-
tional Reagent Resource portal (https://www.international
reagentresource.org/) has provided reagents to national
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Figure 3. Country progress with independent Global Health Security Agenda and Joint External Evaluation assessments through 2018.

influenza laboratories and other respiratory disease labora-
tories worldwide.

CDC has supported global laboratory networks for po-
lio, measles, and rubella for several decades, providing di-
agnostic testing, technical support, training, and reference
laboratory services. Since 2001, CDC has worked with
MOHs, WHO, and the Meningitis VVaccine Project, funded
by the Bill and Melinda Gates Foundation, to develop and
administer meningococcal vaccines to millions of persons
living in the Africa meningitis belt and leads the MenAfri-
Net Consortium to enhance surveillance to monitor the ef-
fectiveness of vaccines and emergence of new meningo-
coccal strains (33).

GHSA supports MOHs to conduct surveillance for se-
vere respiratory diseases and other illness clusters. To sup-
port this effort, laboratories are provided with test kits and
reagents, packaging and shipping protocols, and training in
advanced molecular testing methods, allowing detection of
multiple pathogens simultaneously.

International Emerging and Zoonotic Diseases

Most known, new, or emerging infectious disease threats
are zoonotic in origin (34,35). Zoonoses are responsible
for an estimated >2 billion human illnesses and 2 mil-
lion human deaths annually (36). Under GHSA, many
countries are undertaking efforts to identify and prioritize
zoonotic diseases of greatest national concern through a
One Health approach (i.e., linking human, environmental,
and animal health) (37). This approach helps a country fo-
cus limited resources for surveillance, laboratory capacity

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, Supplement to December 2017

building, outbreak response, and prevention and control
efforts and helps to enhance communication, collabora-
tion, and engagement across critical sectors of govern-
ment. With technical assistance from experts on zoonotic
and emerging infectious diseases, many countries have
initiated surveillance to establish etiologies of acute fe-
brile illness. These efforts have begun to increase coun-
tries’ capacity to collect sterile specimens; prepare, store,
and ship specimens; and collect and report data to clini-
cians and surveillance systems. Acute febrile illness sur-
veillance has contributed to countries’ understanding of
etiologies and pathogen-specific disease burden and can
inform clinical algorithms and care and treatment of pa-
tients with acute febrile illness. GHSA implementation
has demonstrated that enhancing disease-specific capac-
ity improves national public health capacity building
overall. Coordinated efforts between cholera experts and
emergency management to prevent, detect, and respond to
cholera in Cameroon have led to increasing timeliness of
EOC activation for other outbreaks. Preventing zoonotic
or emerging infectious diseases is one of the critical tenets
of GHSA. CDC infection, prevention, and control experts
are supporting efforts to build infection control and anti-
microbial drug resistance capacity in 10 GHSA Phase 1
countries. During the West Africa Ebola epidemic, wide-
spread gaps in infection, prevention, and control systems
and resources led to outbreak amplification (38). Today,
these national policies and practice guidelines are in the
Ebola-affected countries to help support sustainability of
these efforts.
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Global VPD Activities

Country capacity to conduct high-quality VPD surveillance
is critical to increase coverage to prevent, detect, and re-
spond to VPD outbreaks. CDC has supported global labo-
ratory networks for polio, measles, and rubella for several
decades, providing diagnostic testing, technical support,
training, and reference laboratory services. An effective
multidisciplinary workforce, including epidemiologists,
laboratorians, and data managers, is needed to collect, ana-
lyze, and report VPD surveillance data that are accurate,
timely, and useful for decision making.

Since 1998, CDC has provided technical and financial
support to develop VPD surveillance capacity in low- and
middle-income countries through the Stop Transmission
of Polio (STOP) program of the Global Polio Eradication
Initiative (39). Through July 2017, a total of 2,010 STOP
volunteers have been trained in surveillance principles to
detect and respond to polio and other VPDs. These vol-
unteers have deployed in 48 teams for 3—6-month assign-
ments to 77 countries (Table 1) (39). STOP volunteers
have played a crucial role in enhancing country capacity
to respond to outbreaks of other priority infectious diseas-
es, contributing to CDC’s global health protection plat-
form. CDC also has supported 4 countries at high risk for
polio to build their own national STOP programs (Table
1) (40-42). VPD surveillance also helps build countries’
public health systems. For example, in Nigeria in 2014,
the polio EOC quickly converted to respond to Ebola (43).

National Public Health Institutes

National governments are responsible for keeping their
citizens healthy and addressing public health challenges.
To that end, many countries have established national
public health institutes (NPHIs) to carry out essential
public health functions, including outbreak detection
and response (44,45), and facilitate progress toward IHR
2005 compliance. CDC is the US government’s NPHI
and is 1 of >100 members representing 88 countries in
the International Association of National Public Health
Institutes (IANPHI) (Table 1). With IANPHI, CDC di-
rectly supports >20 IANPHI countries in establishing or
strengthening their own NPHIs (Figure 2) through de-
veloping strategic plans aligned with public health pri-
orities, determining necessary policy changes, creating
sustainability plans, and providing technical assistance
(Table 1).

Public Health Implications and Future Directions

Outbreaks, regional epidemics, and pandemics are costly
(46-50). During February—July 2003, SARS spread across
4 continents, infected 8,100 persons, killed 774 persons, and
cost the global economy $40 billion (46). In the first year
of the 2009 influenza HIN1 pandemic, >575,400 persons
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succumbed worldwide (47). A severe influenza pandemic
could cost as much as 4.9% of the world’s gross domestic
product (48). In 2015, the West Africa Ebola epidemic cost
Guinea, Liberia, and Sierra Leone about $2.2 billion (49).

Because of the recognized need to achieve IHR 2005
compliance worldwide to ensure health security, increasing
number of countries that have made GHSA commitments,
and early progress achieved with GHSA implementation,
the world is becoming better prepared to respond to threats.
CDC is helping advance health security through its global
health protection platform. More work is needed and mo-
mentum in GHSA implementation needs to be sustained
so Americans and citizens around the world will have en-
hanced protection from newly emerging infectious diseases
and other health threats.
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The Global Health Security Agenda (GHSA), a partnership
of nations, international organizations, and civil society, was
launched in 2014 with a mission to build countries’ capaci-
ties to respond to infectious disease threats and to foster
global compliance with the International Health Regulations
(IHR 2005). The US Centers for Disease Control and Pre-
vention (CDC) assists partner nations to improve IHR 2005
capacities and achieve GHSA targets. To assess progress
through these CDC-supported efforts, we analyzed country
activity reports dating from April 2015 through March 2017.
Our analysis shows that CDC helped 17 Phase | countries
achieve 675 major GHSA accomplishments, particularly in
the cross-cutting areas of public health surveillance, labora-
tory systems, workforce development, and emergency re-
sponse management. CDC’s engagement has been critical
to these accomplishments, but sustained support is needed
until countries attain IHR 2005 capacities, thereby fostering
national and regional health protection and ensuring a world
safer and more secure from global health threats.

ecent infectious disease outbreaks have demonstrated

that a local threat can rapidly become a global crisis that
jeopardizes the health, economy, and safety of persons ev-
erywhere. Severe outbreaks and regional epidemics, includ-
ing severe acute respiratory syndrome, Middle East respira-
tory syndrome, Ebola virus disease (EVD), Zika virus, and
novel influenza viruses, have highlighted the importance of
countries developing core capacities to contain public health
threats, as outlined in the International Health Regulations
(IHR 2005) (1-3). As of 2014, fewer than a third of 196
countries reported achieving IHR 2005 capacities (4). The
Global Health Security Agenda (GHSA), a partnership of
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nations, international organizations, and civil society, was
launched in 2014 with the mission to build countries’ capaci-
ties to respond to infectious disease threats, thereby progress-
ing toward IHR 2005 compliance (5). Global health security
relies on all countries building IHR 2005 capacities to rap-
idly detect and control public health threats at their sources.
GHSA is built on 3 pillars: 1) prevent avoidable epi-
demics; 2) detect threats early; and 3) respond rapidly and
effectively. To date, 61 countries have joined GHSA, in-
cluding approximately a dozen countries partnering with
low- and middle-income countries to assist in their GHSA
work. In 2014, the United States committed to working with
31 partner countries and the Caribbean community to meet
targets associated with each of 11 technical areas (termed
Action Packages) that align with GHSA’s 3 pillars (6).
Through GHSA, the United States has committed technical
and fiscal support to a subset of 17 countries termed Phase
I and technical assistance with work plan development in
Phase II countries. Exceeding this commitment, the US
Centers for Disease Control and Prevention (CDC) works
to strengthen global health security capacities in approxi-
mately 3 dozen countries, including Phase | and Phase 11
countries, as well as Ebola preparedness countries, which
surround those countries affected by the recent EVD out-
break (Figure). CDC works across all 11 GHSA technical
areas, with a special emphasis on 4 that serve as a platform
for public health emergencies and health security: surveil-
lance, laboratory systems, workforce development, and
emergency response management. CDC staff stationed
in partner countries, with support from CDC headquar-
ters—based subject matter experts and funded partners,
provide direct technical assistance to partnering government
counterparts (7-9). CDC’s goal is to help countries achieve

Members of this group are listed at the end of this article.
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OVERVIEW

Figure. GHSA countries supported by the US Centers for Disease Control and Prevention. GHSA, Global Health Security Agenda.

GHSA and THR 2005 targets by strengthening sustainable
systems and capacities to respond to health threats locally,
thereby preventing the spread of disease and protecting
persons in the United States and around the world from
outbreaks and other public health threats. Descriptions of
CDC’s early GHSA work with counterparts in Uganda and
Vietnam have been published (10,11), but substantial prog-
ress has been made across all Phase | countries. Here we
document the major GHSA accomplishments that these 17
countries achieved with CDC support during April 2015—
March 2017. These successes are now informing ongoing
program implementation in these and other countries.

Methods

In January 2015, CDC technical staff commenced work-
ing with ministries of health (MOHSs) and other partner
country counterparts to assess baseline capacities related
to 11 GHSA technical areas. By June 2015, annual coun-
try work plans had been developed, detailing activities
through which CDC would assist countries in achieving
their first-year objectives in each technical area. The level
and nature of CDC support varied across activities de-
pending on technical assistance needs, inputs from other
collaborators, and host country and donor financing. CDC
staff reported on activity progress on a quarterly basis.
Reports indicated the status (i.e., completed, on track,

S16

delayed, or canceled) and described progress toward com-
pletion of each work plan activity. Reporting information
was provided to CDC headquarters—based evaluators 4
times: December 2015, April-May 2016, July—August
2016, and October—November 2016. Results were used to
improve and update work plans.

Trained CDC evaluators analyzed quarterly report-
ing data by technical area, objectives within technical ar-
eas, and activities within objectives. In May 2016, CDC
evaluators analyzed reporting information for completed
activities across all 17 Phase I countries and grouped re-
sults into the following categories: 1) real-time surveillance
and reporting; 2) national laboratory system and biosafety/
biosecurity; 3) workforce development; and 4) emergency
management and Emergency Operations Centers (EOCs).
This organizational framework reduced the likelihood of
missing information because of misclassification, such as if
different countries reported related activities in similar, but
different, technical areas. For example, national laboratory
system and biosafety/biosecurity activities were batched
for analyses to ensure all relevant laboratory activities were
analyzed together. Activities in other technical areas were
analyzed in November 2016.

A CDC evaluator analyzed the completed activity
descriptions, objective descriptions, and activity prog-
ress data across all Phase I countries for each of the 4

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 23, Supplement to December 2017



categories. A second CDC evaluator reviewed and vali-
dated the first evaluator’s analyses; discrepancies were
discussed and resolved by a CDC subject matter expert
familiar with GHSA technical areas and overseeing all
analyses for consistency. Completed activities were sum-
marized by using common terminology for similar major
accomplishments achieved by countries with CDC sup-
port. (Data on accomplishments achieved by <6 countries
are available but not shown here.) Evaluators provided
CDC headquarters and field staff with lists of countries
that had achieved each major accomplishment, so they
could add a country that had not been identified through
reporting data analyses or remove a country from an ac-
complishment category if appropriate. CDC field staff
worked with MOHs in some countries to confirm that the
revised language accurately reflected country progress.
In November 2016, this process was repeated for
completed activities in all 11 technical areas, resulting in
a final list that integrated all accomplishments organized
into 4 categories (Tables 1-4). In April 2017, CDC field
staff in all 17 countries confirmed that the partner country
had achieved these major accomplishments with CDC as-
sistance during April 2015-March 2017. CDC evaluators
determined the number and proportion of countries that
achieved each accomplishment with CDC support.

Results

Overall, our analysis found that CDC supported 675 ac-
complishments across all 11 GHSA technical areas in 17
Phase I countries. These accomplishments reflect achieve-
ments in >6 countries (Tables 1-4). Eleven countries each
achieved >40 of these accomplishments, and each of the 17
countries achieved >18.

Disease and Syndromic Surveillance

Surveillance Systems

With CDC’s technical assistance, 16 countries established
real-time surveillance systems and mechanisms for de-
tecting potential public health events at the national or
subnational level. Surveillance systems were improved
for zoonotic diseases (13 countries), vaccine-preventable
diseases (10 countries), and antimicrobial resistance (7
countries). Thirteen countries met GHSA targets for real-
time surveillance of >3 syndromes indicative of potential
public health emergencies (e.g., severe acute respiratory
syndrome, acute flaccid paralysis, acute hemorrhagic fe-
ver, acute watery diarrhea with dehydration, and jaun-
dice with fever). In 11 countries, CDC helped countries
expand and enhance previously established indicator-
based surveillance systems to capture potential threats
from larger geographic areas and improve timeliness.
CDC supported community immunizations in response to
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surveillance data on vaccine-preventable diseases in 13
countries (Table 1).

Surveillance Strategic Planning
CDC identified national policies, legal authorities, and gaps
in conducting public health surveillance in each of the 17
Phase I countries. In 13 countries, CDC worked with MOHs
to determine the appropriate level of subnational jurisdic-
tions (e.g., districts) for reporting surveillance information
to the national MOH. Plans and procedures for multisectoral
surveillance were developed with ministries of health, agri-
culture, and defense in 7 countries and with port health ser-
vices for national points of entry in 8 countries (Table 1).
CDC assisted 12 countries in documenting gaps in sur-
veillance data collection, analysis, and interpretation capa-
bilities; 8 of these countries developed plans for improving
interoperability of disparate surveillance systems to bet-
ter integrate available data from different sources. Eleven
countries conducted specialized assessments for immuni-
zation surveillance and 9 for antimicrobial resistance (e.g.,
drug-resistant Mycobacterium tuberculosis) surveillance
(Table 1).

National Laboratory System

Laboratory Confirmation of Outbreaks

CDC trained laboratory technicians in all 17 Phase I coun-
tries and provided 16 countries with new laboratory diag-
nostics to confirm potential outbreaks identified by sur-
veillance systems, focusing on priority pathogens (e.g.,
influenza virus, poliovirus, HIV, M. tuberculosis, Salmo-
nella enterica serovar Typhi, Plasmodium spp., and Vibrio
cholerae). CDC worked with 9 countries to assess diagnos-
tic capabilities for priority pathogens and 10 countries for
antimicrobial resistance. CDC assisted 9 countries in estab-
lishing new systems for transporting specimen samples to
national reference laboratories (Table 2).

Biosafety and Biosecurity

CDC provided technical assistance to 6 countries to inven-
tory dangerous pathogens and develop plans to manage
them in their national laboratory systems. CDC helped 15
countries train technical and administrative staff on bio-
safety and biosecurity. Eight countries identified staff in the
ministries of health, agriculture, and defense responsible
for inspecting and certifying laboratories for biosafety and
biosecurity compliance (Table 2).

Workforce Development
Field Epidemiology Training Programs

All 17 Phase I countries now participate in basic-level
frontline (3-month training), intermediate (6- to 9-month
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training), or advanced (2-year training) Field Epidemiol- established 14 new frontline and 2 new FETPs-Advanced
ogy Training Programs (FETPs) (13-15) (Table 3). These in Phase | countries. Trainees from all countries investigat-
field-based, CDC-supported programs train members of a  ed real or potential outbreaks as part of their training. Num-
nation’s health workforce to become disease detectives at  bers of trainees per country ranged from 24 to 622; nearly

national and subnational levels. Since April 2015, CDC has  half of trainees were frontline surveillance officers (16).

Table 1. Key CDC-supported accomplishments toward achieving GHSA targets related to real-time surveillance in 17 Phase |
countries, 2015-2017*

Related JEE No.
GHSA targets and CDC-supported accomplishments indicators (12) countries

Strengthened foundational indicator- and event-based surveillance systems that are able to detect events of significance for public
health, animal health, and health security
Surveillance systems

Established systems and mechanisms at national or subnational levels for detecting public D.2.1 16
health events from a variety of sources

Improved timeliness or geographic coverage of routine public health threat reporting D.2.2,D.3.2 11
Expanded surveillance systems for >3 syndromes indicative of potential public health D.2.4 13

emergencies (e.g., severe acute respiratory syndrome, acute flaccid paralysis, acute
hemorrhagic fever, acute watery diarrhea with dehydration, jaundice with fever)

Expanded surveillance systems for zoonotic diseases to include additional pathogens or P.4.1,D.2.1 13
broader geographic coverage

Expanded surveillance systems to include additional pathogens that cause vaccine- D.2.1 10
preventable diseases

Conducted community immunizations in response to vaccine-preventable disease surveillance P.71,D.2.3 13
information

Expanded surveillance systems for antimicrobial resistance to include additional pathogens or P.3.2,D.2.1 7

broader geographic coverage
Strategic planning and assessment

Developed plans to improve the flow and timing of surveillance information and reporting D.2.2,D.2.3,D.3.1, 10
D.3.2
Assessed immunization surveillance, case management, and reporting systems D.2.2 11
Assessed antimicrobial resistance and drug-resistant tuberculosis surveillance and reporting P.3.2,D.3.2 9
capacity
Training

Participated in >1 level of FETPs D.4.1 17
Integrated FETP trainees into core public health surveillance functions D.2.3 15

Improved communication and collaboration across sectors and between subnational, national, and international levels of authority
regarding surveillance of events of public health significance
Strategic planning and assessment

Identified national policies, legal authorities, and gaps for the conduct of public health P.1.1,P.1.2,D.2.1, 17
surveillance D.2.2,D.2.4
Identified subnational units responsible for indicator- and event-based surveillance D.2.1 13
Documented national priority public health threats or completed risk assessment D.2.3,R.1.2 9
Multisectoral coordination
Developed plans to implement a joint system for surveillance with defined roles, D.2.1,D.2.2,P.2.1, 7
responsibilities, operational processes, and procedures for priority diseases with ministries of P.4.1
health, agriculture, and defense
Developed plans and procedures for surveillance capacity for port health services at points R.3.1,D.2.1, PoE .1 8
of entry
Training
Trained community members to detect and report potential health threats D.2.1,D.3.2 14

Improved country and regional capacity to analyze and link data from and between strengthened, real-time surveillance systems,
including interoperable, interconnected electronic reporting systems
Strategic planning and assessment

Assessed reporting systems for development of the national surveillance plan D.2.2,D.3.1,D.3.2 10
Documented gaps in surveillance data collection, analysis, and interpretation capabilities D.2.3 12
Developed plan for interoperable information systems supporting indicator- or event-based D.2.1,D.2.2 8
surveillance and data exchange and integration for priority diseases

Training
Developed training curriculum for health systems personnel in surveillance methods and D.2.1,D.2.2,D.2.3, 16
data use D.24
Trained surveillance staff to ensure best practices according to International Health D.2.1,D.2.2,D.2.3, 9
Regulations standards D.2.4,D.4.1

*Countries: Bangladesh, Burkina Faso, Cameroon, Cote d’lvoire, Ethiopia, Guinea, India, Indonesia, Kenya, Liberia, Mali, Pakistan, Senegal, Sierra
Leone, Tanzania, Uganda, and Vietnam. CDC, US Centers for Disease Control and Prevention; FETP, Field Epidemiology Training Program; GHSA,
Global Health Security Agenda; JEE, Joint External Evaluation tool.
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Additional Training

Other CDC-supported training activities addressed addition-
al GHSA targets. In 14 countries, CDC worked with MOHs
to train community leaders in event-based surveillance. In
16 countries, CDC helped develop training curricula for sur-
veillance and data analysis methods in English or the pre-
dominant national language (i.e., French or Vietnamese). In
7 countries, CDC provided trainings and developed infection
prevention and control programs for healthcare facilities to
combat antimicrobial resistance. In 13 countries, CDC led
multidisciplinary and multisectoral public health trainings,
including One Health trainings for preventing zoonotic dis-
ease spillover from animals to humans (Table 3).

Workforce Strategic Planning

CDC supported 16 countries in strategic planning related
to the national public and animal health workforce. CDC
assisted 6 of these countries in creating national multi-
sectoral workforce development strategic plans based on
assessments of existing public health training programs,
educational systems, and gaps in the national public health
workforce (Table 3).

Contributions of CDC in Implementing GHSA

Emergency Management and Response

EOCs

CDC worked with all 17 Phase I countries to improve
public health emergency management capacities, such as
by establishing EOCs and training EOC staff in incident
management in 15 countries. Twenty-nine staff from 14
countries” MOHSs, national public health institutes, and
other national and international organizations completed
CDC’s Public Health Emergency Management Fellow-
ship program (17). CDC helped 15 countries develop EOC
policies and protocols, and 11 countries activated the EOC
for an exercise or real public health emergency response
(Table 4).

Multisectoral Coordination

CDC provided assistance to 14 countries to complete pub-
lic health risk assessments and document national priority
public health threats. Nine countries established One Health
mechanisms for joint response across human, animal, and
environmental health sectors to prevent or limit animal-to-
human spillover of zoonotic diseases (18). CDC worked

Table 2. Key CDC-supported accomplishments toward achieving GHSA targets related to national laboratory systems in 17 Phase |

countries, 2015-2017*

Related JEE No.
GHSA targets and CDC-supported accomplishments indicators (12) countries
Real-time biosurveillance with a national laboratory system
Strategic planning and assessment
Identified national policies, legal authorities, and gaps for the conduct of a national public health P.1.1, P.1.2, D.1.2, 17
laboratory system D.1.3,D.1.4
Operationalized national plan of action with internationally accepted best practices for priority D.1.1,D.1.2,D.1.3, 11
diseases D.1.4
Developed tier-specific testing strategies for priority diseases at designated laboratories D.1.3 10
Specimen referral system
Established functional system for specimen transport to reference laboratories within the D.1.2 9
appropriate timeframe of collection
Conducted investigations or training exercises to confirm functionality of specimen referral D.1.2 8
systems
Training
Trained laboratory technicians D.1.1,D.1.3 17
Effective modern point-of-care and laboratory-based diagnostics
Strategic planning and assessment
Assessed diagnostics, data quality, and staff performance D.1.1,D.1.3,D.1.4 9
Assessed antimicrobial resistance and drug-resistant tuberculosis laboratory capacity P.3.1 10
Diagnostics
Acquired new diagnostic equipment and capabilities (e.g., specimen test kits) to detect priority D.1.1,D.1.3 16

pathogens (e.g., influenza virus, poliovirus, HIV, Mycobacterium tuberculosis, Salmonella

enterica serovar Typhi, Plasmodium sp., Vibrio cholerae)

Whole-of-government national biosafety and biosecurity system is in place, ensuring that especially dangerous pathogens are
identified, held, secured, and monitored in a minimal number of facilities according to best practices; biologic risk management training
and educational outreach are conducted to promote a shared culture of responsibility, reduce dual-use risks, mitigate biologic
proliferation and deliberate use threats, and ensure safe transfer of biologic agents; and country-specific biosafety and biosecurity
legislation, laboratory licensing, and pathogen control measures are in place as appropriate

Biosafety and biosecurity
Trained staff on biosafety and biosecurity

Identified staff in ministries of health, agriculture, and defense responsible for inspection or

certification of laboratories for compliance with biosafety and biosecurity requirements

Inventoried dangerous pathogens and developed a plan to manage them

P.6.2 15
P.6.1 8
P.6.1 6

*Countries: Bangladesh, Burkina Faso, Cameroon, Cote d’lvoire, Ethiopia, Guinea, India, Indonesia, Kenya, Liberia, Mali, Pakistan, Senegal, Sierra
Leone, Tanzania, Uganda, and Vietham. CDC, US Centers for Disease Control and Prevention; GHSA, Global Health Security Agenda; JEE, Joint

External Evaluation tool.
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with 13 countries to assess baseline capacities of agencies
to respond to biologic threats across public health, animal
health, law enforcement, and other sectors. CDC initiated
activities to strengthen response coordination across mul-
tiple sectors in 12 countries and identified points of con-

tact for multisectoral information-sharing in 10 countries
(Table 4).

Discussion
During April 2015-March 2017, CDC supported 17 Phase
I countries in achieving 675 accomplishments in 11 GHSA
technical areas. Although GHSA is still in early stages of
implementation, CDC’s support to countries has helped
improve their capabilities, especially in the cross-cutting
areas of public health surveillance, national laboratory sys-
tems, workforce development, and emergency response
management. Accomplishments in these technical areas
have also contributed to the countries’ progress in the other
GHSA technical areas and IHR 2005 core capacities.
Robust surveillance networks linked with laboratory
testing can enable early detection of public health threats be-
fore they escalate into outbreaks and threaten communities,

nations, and the world. CDC’s efforts to build country ca-
pacity to detect potential outbreaks focused on increasing
the numbers of diseases captured by surveillance and report-
ing systems, expanding these systems to include additional
subnational jurisdictions and community-level surveillance,
and strengthening processes to improve the timeliness and
efficiency of communication across all levels.

CDC worked with health, agriculture, defense, and
other ministries to broaden the types of pathogens and
syndromes that can be detected by improved surveillance
systems. As a result of CDC’s GHSA work, countries that
previously had systems to monitor a limited range of po-
tential public health threats are now better able to detect
animal-to-human disease spillover, healthcare-associated
infections, and other potential outbreaks by monitoring
more diseases and syndromes systematically and frequent-
ly. Early detection of public health threats can lead to time-
ly interventions to prevent escalation into major outbreaks
(19-21). Phase I countries have already used improved sur-
veillance data to inform prevention efforts. For example,
increased surveillance of vaccine-preventable diseases
resulted in community immunizations to prevent further

Table 3. Key CDC-supported accomplishments toward achieving GHSA targets related to workforce development in 17 Phase |

countries, 2015-2017*

GHSA targets and CDC-supported accomplishments

Related JEE
indicators (12)

No.
countries

Workforce including physicians, veterinarians, biostatisticians, laboratory scientists, farming and livestock professionals, and field
epidemiologists who can systematically cooperate to meet relevant International Health Regulations and performance of veterinary

services core competencies
Strategic planning and assessment

Created national, multisectoral workforce development strategic plan D.4.3 6
Assessed country's public health training programs, education system, and workforce gaps D.4.1,D.4.3 15
Assessed country's current status of One Health workforce P.4.2,D.4.1 8
Identified needs for core public health emergency management staff R.2.1,D.4.1,R.1.1 15
Assessed laboratory staff performance D.1.4 9
Identified staff in ministries of health, agriculture, and defense responsible for inspection or P.6.1 8
certification of laboratories for compliance with biosafety and biosecurity requirements
FETP
Conducted 3-month FETP-Frontline D.4.2 15
Conducted FETP-Intermediate or Advanced (6 months—2 years) D.4.2 11
Participated in FETP-Intermediate or Advanced run by another country D.4.2 6
Provided FETP to >1 staff member from >50% of subnational jurisdictions D.4.1,D.4.2 6
Integrated FETP trainees into core public health functions D.4.1,D.2.3 15
Other training
Conducted public health multidisciplinary (e.g., One Health) trainings P.4.2 13
Trained laboratory technicians D.1.1,D.1.3 17
Trained staff on biosafety and biosecurity P.6.2 15
Developed infection prevention and control training programs, including antimicrobial resistance P.3.3 7
prevention
Trained community members to detect and report potential health threats D.2.1,D.3.2 14
Developed training curriculum for health systems personnel in surveillance methods and D.2.1,D.2.2,D.2.3, 16
data use D.2.4
Trained surveillance staff to ensure best practices according to International Health Regulations D.4.1, D.2.1, D.2.2, 9
standards D.2.3,D.2.4
Activated EOC for an exercise or real emergency response R.2.3,R.3.1 11
Trained EOC staff in public health emergency management (basic level) R.2.1,D.4.1 14
Committed to train EOC staff through CDC'’s Public Health Emergency Management Fellowship R.2.1,D.4.1 16
Recruited key staff for public health emergency management R.2.1,D.4.1 13

*Countries: Bangladesh, Burkina Faso, Cameroon, Céte d’lvoire, Ethiopia, Guinea, India, Indonesia, Kenya, Liberia, Mali, Pakistan, Senegal, Sierra
Leone, Tanzania, Uganda, and Vietnam. CDC, US Centers for Disease Control and Prevention; EOC, Emergency Operations Center; FETP, Field
Epidemiology Training Program; GHSA, Global Health Security Agenda; JEE, Joint External Evaluation tool.
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spread of measles and other diseases in 13 countries, in-
cluding Guinea, Indonesia, and Liberia, where vaccination
coverages are low. Furthermore, CDC worked with Phase I
countries to incorporate hands-on experience investigating
potential outbreaks into FETPs.

Surveillance capacity-building efforts also focused on
expanding geographic coverage. Public health surveillance
and laboratory capacity have typically been concentrated in
urban centers, limiting countries’ abilities to detect outbreaks
in rural areas (20,22). CDC assisted Phase I countries with
establishing integrated surveillance systems that share data
across healthcare facilities, subnational jurisdictions (e.g.,
districts), and MOHs. CDC helped countries train surveil-
lance officers throughout multiple levels of countries’ health
systems. In addition to training field epidemiologists through
FETPs, CDC helped countries enlist the help of community
leaders in detecting threats early by training them on com-
munity-based disease surveillance and reporting to comple-
ment healthcare facility surveillance. Community-level dis-
ease monitoring has been shown to influence intervention
efforts and reduce the incidence of disease and prevalence of
premature death. For example, community health workers in
West Africa used surveillance data to target immunizations

Contributions of CDC in Implementing GHSA

and reduce the number of cases of vaccine-preventable me-
ningococcal disease by half (23,24). These efforts aim to pre-
vent outbreaks at the source before spreading rapidly within
large cities or to other countries.

National laboratory systems are integral for assess-
ing public health threats and targeting outbreak response
efforts. Laboratory testing of specimen samples is neces-
sary to confirm suspected public health threats identified
through disease and syndromic surveillance (25). Timely
confirmation of public health threats relies upon laboratory
systems that link central reference laboratories with periph-
eral laboratories, securely and rapidly transport specimens
from patients to laboratories, and efficiently report accurate
test results from laboratories to patients and MOHs (26).
CDC’s assistance has been vital to providing countries with
diagnostic capabilities and establishing specimen transport
systems to decrease the time from specimen collection to
testing at a certified national public health laboratory. This
work is necessary to confirm public health threats so re-
sponse efforts can be directed appropriately. CDC’s train-
ing of laboratory technicians will empower countries to
confirm potential outbreaks of a broader set of pathogens
more accurately and expediently.

Table 4. Key CDC-supported accomplishments toward achieving GHSA targets related to emergency management in 17 Phase |

countries, 2015-2017*

Related JEE No.
GHSA targets and CDC-supported accomplishments indicators (12) countries
Public health EOC functioning according to minimum common standards
Strategic planning and assessment
Identified national policies, legal authorities, and gaps for the conduct of public health P.1.1,P.1.2,R.11, 17
emergency response R.1.2, R.2.1, R.2.2,
R.2.4
Assessed baseline of national public health emergency management capacities R.1.2,R.2.1 14
Documented national priority public health threats or completed risk assessment D.2.3,R.1.2 9
EOC facility
Obtained buy-in from country leadership for permanent EOC facility and associated program R.2.1,R.2.2 15
Identified facility location or funding mechanisms for EOC R.2.2 16
Developed EOC policies, plans, protocols, or standard operating procedures R.2.2,R.2.4 15
Multisectoral coordination
Operationalized multisectoral One Health mechanisms to limit animal-to-human spillover of P.4.3,P.21 9
zoonotic diseases
Initiated activities to strengthen response coordination (e.g., through MOUs) across public R.3.1,R.1.1,P.2.1, 12
health, animal health, law enforcement, and other sectors P.4.3, PoE.2
Identified points of contact and informal process for communication and information-sharing R.3.1,P.4.3,P.2.1, 13
across public health, animal health, law enforcement, and other sectors PoE.2
Improved logistics planning to deploy staff, medicines, and supplies during a public health R.4.1,R.4.2,R.1.1, 10
emergency PoE.1

Trained EOC staff capable of activating a coordinated emergency response within 120 minutes of the identification of a public health

emergency
Strategic planning and assessment

Identified needs for core public health emergency management staff
Assessed baseline capacity of partnering agencies for response to a biologic threat

Training
Activated EOC for an exercise or real emergency response

Trained EOC staff in public health emergency management (basic level)
Committed to train EOC staff through CDC'’s Public Health Emergency Management Fellowship

Recruited key staff for public health emergency management

R.2.1,D.4.1,R.1.1 15

P.2.1,R.3.1 12
R.2.3,R.3.1 11
R.2.1,D.4.1 14
R.2.1,D.4.1 16
R.2.1,D.4.1 13

*Countries: Bangladesh, Burkina Faso, Cameroon, Cote d’lvoire, Ethiopia, Guinea, India, Indonesia, Kenya, Liberia, Mali, Pakistan, Senegal, Sierra
Leone, Tanzania, Uganda, and Vietnam. CDC, US Centers for Disease Control and Prevention; EOC, Emergency Operations Center; GHSA, Global
Health Security Agenda; JEE, Joint External Evaluation tool; MOU, memo of understanding.
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CDC worked with other US government entities and
partner countries’ ministries of health, agriculture, and
defense to address potential biosecurity threats, such as
by ensuring that countries keep inventories and manage-
ment plans for dangerous pathogens stored in laboratories.
Countries applied CDC’s expertise to ensure proper labo-
ratory management and biosafety certification, which are
imperative for ensuring the integrity of the national labora-
tory system. This work is critical for preventing national
and international public health emergencies by preventing
potential biosecurity threats.

Trained field epidemiologists, laboratory technicians,
and emergency responders are crucial for detecting and
responding to public health threats early and effectively,
and EOCs with incident management systems are essen-
tial for response coordination (27). In July 2014, when the
major EVD outbreak was worsening in West Africa, CDC-
trained disease detectives performed contact tracing on 8§94
contacts of EVD case-patients in Lagos, Nigeria (27); only
11 deaths in Nigeria resulted from this EVD outbreak, al-
though models estimated thousands of deaths would have
occurred without timely investigation and emergency man-
agement (19). This example illustrates the potential impact
of GHSA implementation. Training disease detectives and
developing effective incident management can mean the
difference between small outbreaks that are quickly and ef-
fectively controlled and larger outbreaks with substantial
global health implications. CDC established new FETPs
in 16 Phase I countries to rapidly train disease detectives.
CDC worked with Phase I countries to establish EOCs and
train emergency response staff. A component of the train-
ing involved activating the EOC for exercises or real public
health emergencies. These activations incorporated a mul-
tisectoral approach to bring together public health, animal
health, border security, and other sectors. These efforts
strengthen capacities and test countries’ abilities to respond
to public health threats effectively and rapidly.

The accomplishments we describe have enhanced
global health security, but GHSA relies on strong partner-
ships to sustain capacity-building efforts. CDC’s work has
strengthened collaborations among countries, US govern-
ment agencies, and international governments and organi-
zations. While emphasizing a multisectoral approach for
building GHSA capabilities, CDC uniquely provides direct
technical assistance to MOHs, developing their expertise
so they can sustain GHSA accomplishments. CDC worked
with multiple partners, including national ministries of
health, agriculture, and defense, to establish mechanisms
for cross-sectoral communication and collaboration that are
essential for outbreak prevention, detection, and response
that did not exist before GHSA. CDC’s technical assistance
complemented efforts by other nations and US govern-
ment entities, including the US Agency for International
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Development, the Defense Threat Reduction Agency, and
the US Department of Agriculture. Notably, the relatively
small US investment in GHSA led to additional invest-
ments from other donor nations. For example, South Korea
committed $100 million to build global health security ca-
pabilities in 13 countries (28).

In addition to technical assistance, CDC contributed
to the development of the Joint External Evaluation (JEE)
tool, an independent, transparent evaluation that employs
48 indicators to measure progress toward GHSA and IHR
2005 targets (12). A benefit of the JEE is its potential for
standardizing metrics and streamlining CDC’s technical
assistance across multiple countries. CDC worked with the
World Health Organization and other partners to develop a
library of achievements needed to advance from one level
of capacity to higher levels (29). Most of the accomplish-
ments we describe (Tables 1-4) are among the milestones
in the library, with related JEE indicators associated with
each. This work demonstrates the feasibility and effec-
tiveness of these activities in the field. The milestones li-
brary, together with JEE scores, helps CDC standardize
and streamline technical assistance to complement activi-
ties planned by other partners. Although the administra-
tive efforts required to undergo the JEE delayed CDC’s
activities in some countries, the JEE process has now been
operationalized, and countries have built their evaluation
capacities by completing these baseline assessments. As of
September 2017, a total of 58 countries, including 14 Phase
I countries, completed the JEE with CDC support, identify-
ing countries’ IHR 2005 capabilities and the explicit gaps
in need of prioritization.

Our report has a few limitations. First, this report is
not comprehensive of all CDC’s GHSA achievements.
It focuses on CDC-supported accomplishments in 17
countries, excluding CDC’s GHSA achievements beyond
Phase | countries, including in Ebola preparedness coun-
tries where CDC prioritized GHSA work to build detec-
tion and preparedness capabilities to prevent cross-border
spillover of EVD and other disease threats. Also, in initial
analyses, evaluators determined that some accomplish-
ments had been achieved by <6 Phase I countries and thus
omitted these from the list provided to CDC field staff for
validation; however, >6 countries might have achieved
some of these by March 2017. Furthermore, CDC field
staff validated accomplishments subjectively based on
their interpretations of standardized language, potential-
ly resulting in underreporting or overreporting. Despite
these limitations, this report describes substantial accom-
plishments in 17 countries that resulted directly from the
technical assistance provided by CDC. These achieve-
ments align with GHSA targets, suggesting that CDC has
helped these countries move closer to attaining IHR 2005
core capacities, thus creating a safer world.
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In conclusion, GHSA was launched with a goal of
making the world safer from infectious disease threats by
improving countries’ IHR 2005 core capacities (4). CDC’s
efforts have been critical as part of a long-term process of
building and sustaining global health security capacity in
countries with less-developed public health systems. Ini-
tial accomplishments have laid the groundwork for further
GHSA advancement in these 17 countries, and lessons
learned might improve the efficiency of GHSA implemen-
tation in additional countries. Ongoing GHSA implementa-
tion offers an alternative to the cycle of panic and neglect
that describes the current response to pandemic threats (30).
The initial successes we describe demonstrate that strategic
appropriation of technical and financial resources can ac-
celerate progress toward GHSA targets and global achieve-
ment of IHR 2005 core capacities. CDC’s continuing work
with partner countries ensures sustainability and further
progress rather than regression. Furthermore, investments
in global health security have been shown to have positive
health, security, and economic impacts (31,32). These im-
provements in international capacity to rapidly detect, re-
spond to, and control infectious disease outbreaks and other
public health threats at their sources translate into enhanced
global health security, because fewer public health threats
can spread throughout a country and reach other nations,
including the United States.

Members of the GHSA Implementation Group: Ebba Abate,
Nedghie Adrien, Denise Allen, Rana Jawad Asghar, Kerrethel
Avery, Casey Barton Behravesh, Vroh Joseph Benie Bi, Brice
Bicaba, Jeff Borchert, L. Lucy Boulanger, Abdoulaye Bousso,
Jennifer Brooks, Vance Brown, Nora Chea, Daniella Coker,
Gretchen Cowman, Simplice N. Dagnan, Benjamin A. Dahl,
Subrat Das, Yvette Diallo, Seydou Diarra, Thuy Do, Trang Do,
Stephanie Doan, Emily Kainne Dokubo, Melissa Edmiston,
Rachel Eidex, Chinyere O. Ekechi, Catherine Espinosa, Alain
Georges M. Etoundi, Meerjady Sabrina Flora, Suzanne Friesen,
Neil Gupta, Regan Hartman, Sara Hersey, Katherine Hills,
Ikovwaiza Irune, Amara Jambai, Daddi Jima, Theresa Kanter,
Sakoba Keita, Erin Kennedy, Anna Khan, Tsigereda Kifle,
Michael Kinzer, Jackson Kioko, Rebecca Greco Kone, Salifou
Konfe, Sharanya Krishnan, Mohamed Lamorde, Kayla Laserson,
Ahmed Liban, Julius Lutwama, Ulzii Luvsansharav,

Mamadou Farka Maiga, Issa Makumbi, Paul Malpiedi,

Eric Marble, Lise D. Martel, Els Mathieu, Wilton Chuck
Menchion, Janneth Mghamba, Fausta Mosha, Marcelina
Mponela, Christopher S. Murrill, Shivani Murthy, Athman
Mwatondo, Thomas Nagbe, Serigne Ndiaye, Babacar Ndoye,
Paulyne Ntuba Ngalame, Tolbert Nyenswah, Karen Ossorio,
Benjamin Park, Omer G. Pasi, Michael Phipps, Meredith Pinto,
Jagdish Prasad, Sarah Ramsey, Penney Reese, Peter
Rzeszotarski, Aditya Sharma, Trevor Shoemaker, Soumya
Swaminathan, Samuel Tchwenko, Jim Ting, Mamadou Souncalo

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 23, Supplement to December 2017

Contributions of CDC in Implementing GHSA

Traore, Monique Tuyisenge-Onyegbula, M. Salim Uzzaman,
Ross Van Horn, Daniel Vanderende, Christie Vu, Matthew
Westercamp, Marc-Alain Widdowson, Desmond Williams,
Celia Woodfill, Sue Lin Yee, and Bao-Ping Zhu.

Dr. Fitzmaurice currently serves as a senior epidemiologist in
CDC’s Center for Global Health, where he has overseen
monitoring, evaluation, and data analytics related to the Global
Health Security Agenda. His primary research interests include
HIV prevention, detection, and treatment.

References

1. World Health Organization. Report of the Review Committee on
the Role of the International Health Regulations (2005) in the
Ebola Outbreak and Response [cited 2017 Aug 2].
http://www.who.int/ihr/review-committee-2016

2. World Health Organization. Report of the Review Committee on
the Functioning of the International Health Regulations (2005)
in Relation to Pandemic (HIN1) 2009 [cited 2017 Aug 2].
http://www.who.int/ihr/publications/RC_report

3. Jonas O. Pandemic risk. Background paper for the World
Development Report [cited 2017 Aug 2].
http://siteresources.worldbank.org/EXTNWDR2013/Resourc es/
8258024-1352909193861/8936935-1356011448215/
8986901-1380568255405/WDR14_bp_Pandemic_Risk
Jonas.pdf

4. Katz R, Sorrell EM, Kornblet SA, Fischer JE. Global Health
Security Agenda and the International Health Regulations:
moving forward. Biosecur Bioterror. 2014;12:231-8.
http://dx.doi.org/10.1089/bsp.2014.0038

5. Global Health Security Agenda. [cited 2017 Apr 27].
https://www.GHSAgenda.org

6. Centers for Disease Control and Prevention. US Commitment to
the Global Health Security Agenda [cited 2017 Apr 27].
https://www.cdc.gov/globalhealth/security/pdf/ghs_us_
commitment.pdf

7. Schuchat A, Tappero J, Blandford J. Global health and the US
Centers for Disease Control and Prevention. Lancet. 2014;384:
98-101. http://dx.doi.org/10.1016/S0140-6736(14)60570-5

8. Centers for Disease Control and Prevention. Global Health
Security Agenda: action packages [cited 2017 Aug 2].
https://www.cdc.gov/globalhealth/security/actionpackages/
default.htm

9. World Health Organization. International Health Regulations
(2005). 3rd ed. [cited 2017 Aug 2]. http://apps.who.int/iris/
bitstream/10665/246107/1/9789241580496-eng.pdf

10. Borchert JN, Tappero JW, Downing R, Shoemaker T,
Behumbiize P, Aceng J, et al.; Centers for Disease Control and
Prevention (CDC). Rapidly building global health security
capacity—Uganda demonstration project, 2013. MMWR Morb
Mortal Wkly Rep. 2014;63:73—6.

11.  Tran PD, Vu LN, Nguyen HT, Phan LT, Lowe W, McConnell MS,
et al.; Centers for Disease Control and Prevention (CDC).
Strengthening global health security capacity—Vietnam
demonstration project, 2013. MMWR Morb Mortal Wkly Rep.
2014;63:77-80.

12. World Health Organization. Joint External Evaluation tool:
International Health Regulations (2005) [cited 2017 Aug 2].
http://www.who.int/iris/handle/10665/204368

13. Balajee SA, Arthur R, Mounts AW. Global health security:
building capacities for early event detection, epidemiologic
workforce, and laboratory response. Health Secur. 2016;14:424-32.
http://dx.doi.org/10.1089/hs.2015.0062

S23



OVERVIEW

14.  Centers for Disease Control and Prevention. Field Epidemiology 24. Dowell SF, Blazes D, Desmond-Hellmann S. Four steps to
Training Program: how we train [cited 2017 Apr 27]. precision public health. Nature. 2016;540:189-91.
https://www.cdc.gov/globalhealth/healthprotection/fetp/train.html http://dx.doi.org/10.1038/540189a

15.  Ameme DK, Nyarko KM, Kenu E, Afari EA. Strengthening 25.  Sealy TK, Erickson BR, Taboy CH, Stroher U, Towner JS,
surveillance and response to public health emergencies in the West Andrews SE, et al. Laboratory response to Ebola—West
African sub-region: the role of Ghana FELTP. Pan Afr Med J. Africa and United States. MMWR Suppl. 2016;65:44-9.
2016;25(Suppl 1). PMID: 28149432 http://dx.doi.org/10.15585/mmwr.su6503a7

16.  André AM, Lopez A, Perkins S, Lambert L, Chace L, Noudeke N, 26. Olmsted SS, Moore M, Meili RC, Duber HC, Wasserman J,
et al. Frontline Field Epidemiology Training Programs as a strategy Sama P, et al. Strengthening laboratory systems in resource-limited
to improve disease surveillance and response. Emerg Infect Dis. settings. Am J Clin Pathol. 2010;134:374-80.
2017;23:S166-73. https://doi.org/10.3201/e1d2313.170803 http://dx.doi.org/10.1309/AJCPDQOSB7QR5GLR

17.  Centers for Disease Control and Prevention. CDC Emergency 27. Wolicki SB, Nuzzo JB, Blazes DL, Pitts DL, Iskander JK,
Operations Center: Public Health Emergency Management Tappero JW. Public health surveillance: at the core of the
Fellowship [cited 2017 Apr 27]. https://www.cdc.gov/phpr/eoc/ Global Health Security Agenda. Health Secur. 2016;14:185-8.
emergencymanagementfellowship.htm http://dx.doi.org/10.1089/hs.2016.0002

18.  American Veterinary Medical Association. One Health: a new 28. Kim HS. Korea dedicates $100 million to help poor countries fight
professional imperative. One Health Initiative Task Force infectious disease [cited 2017 Aug 2]. http://www.koreatimesus.
Final Report. Schaumburg (IL): The Association; 2008 [cited 2017 com/s-korea-dedicates-100-million-to-help-poor-countries-fight-
Aug 2]. https://www.avma.org/KB/Resources/Reports/Pages/ infectious-diseases
One-Health.aspx 29. GHSA standardized milestone library [cited 2017 Oct 6].

19. Fasina FO, Shittu A, Lazarus D, Tomori O, Simonsen L, https://www.ghsagenda.org/docs/default-source/default-document-
Viboud C, et al. Transmission dynamics and control of Ebola library/GHSA-Milestone-Library.pdf
virus disease outbreak in Nigeria, July to September 2014. Euro 30. The World Bank. Transcript: World Bank Group opening press
Surveill. 2014;19:20920. http://dx.doi.org/10.2807/1560-7917. conference by President Jim Yong Kim at the 2017 WBG/IMF
ES2014.19.40.20920 Spring Meetings. Washington: World Bank; 2017 [cited 2017 Aug

20. Kekulé AS. Learning from Ebola virus: how to prevent future 2]. http://www.worldbank.org/en/news/speech/2017/04/20/
epidemics. Viruses. 2015;7:3789-97. http://dx.doi.org/10.3390/ 2017-wbgimf-spring-meetings-world-bank-group-opening-press-
v7072797 conference-by-president-jim-yong-kim

21.  Smolinski MS, Crawley AW, Olsen JM. Finding outbreaks 31. Gostin LO, Ayala AS. Global health security in an era of explosive
faster. Health Secur. 2017;15:215-20. http://dx.doi.org/10.1089/ pandemic potential. Journal of National Security Law and Policy.
hs.2016.0069 2017;9:1.

22. Baize S, Pannetier D, Oestereich L, Rieger T, Koivogui L, 32. Sands P, El Turabi A, Saynisch PA, Dzau VJ. Assessment of
Magassouba N, et al. Emergence of Zaire Ebola virus disease economic vulnerability to infectious disease crises. Lancet. 2016;
in Guinea. N Engl J Med. 2014;371:1418-25. http://dx.doi.org/ 388:2443-8. http://dx.doi.org/10.1016/S0140-6736(16)30594-3
10.1056/NEJMoa1404505

23.  Mainassara HB, Paireau J, Idi I, Pglat J'PM’ Oukem-prer _OOM’ Address for correspondence: Arthur G. Fitzmaurice, Centers for Disease
Fontan§t A’ eF al. Response strategles- against ment ngitis epidemics Control and Prevention, 1600 Clifton Rd NE, Mailstop E93, Atlanta, GA
after elimination of serogroup A meningococci, Niger. Emerg Infect
Dis. 2015;21:1322-9. http://dx.doi.org/10.3201/eid2108.141361 30329-4027, USA; email: afitzmaurice@cdc.gov

S24 Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 23, Supplement to December 2017




Ebola Response Impact on
Public Health Programs,

West Africa,

2014—-2017

Barbara J. Marston, E. Kainne Dokubo, Amanda van Steelandt, Lise Martel, Desmond Williams,
Sara Hersey, Amara Jambai, Sakoba Keita, Tolbert G. Nyenswah, John T. Redd

Events such as the 2014-2015 West Africa epidemic of
Ebola virus disease highlight the importance of the capacity
to detect and respond to public health threats. We describe
capacity-building efforts during and after the Ebola epidem-
ic in Liberia, Sierra Leone, and Guinea and public health
progress that was made as a result of the Ebola response in
4 key areas: emergency response, laboratory capacity, sur-
veillance, and workforce development. We further highlight
ways in which capacity-building efforts such as those used
in West Africa can be accelerated after a public health crisis
to improve preparedness for future events.

he Ebola epidemic that was first recognized in 2014

and ravaged the West Africa countries of Liberia, Si-
erra Leone, and Guinea was a stark illustration of the risks
that emerging pathogens and epidemic-prone diseases pose
to local and global health security in settings that had lim-
ited public health capacity. More than 28,000 Ebola cases
were reported from the 3 countries during the epidemic,
and >11,000 persons died (1). These countries are among
the least developed in the world (2), and their weak infra-
structures and underfunded health systems were further
compromised by the epidemic. During the initial months
of the Ebola epidemic, limited capacity to rapidly iden-
tify suspected cases, confirm diagnoses, and implement
preventive measures contributed to widespread transmis-
sion (3). By the time control was achieved, there had been
widespread, devastating impacts on those infected and their
families, as well as on the nations’ healthcare systems and
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economies (4) and population health (5). Control of the
outbreak required substantial effort from host country gov-
ernments and populations and crucial resources and inputs
from multilateral and bilateral partners, nongovernmental
organizations (NGOs), and individual persons from out-
side the 3 countries. In usual circumstances, establishing
public health systems and capacities to detect, prevent, and
respond to urgent global health threats requires long-term
planning and investment (6). However, the swift and mas-
sive response to this epidemic established methods and re-
sources that are transferable to responses to other health
threats, affording an unparalleled opportunity for more rap-
id expansion of emergency response capacities than would
usually be possible in such settings.

We describe public health progress that was made as
a result of the Ebola response in 4 key areas: emergency
response, laboratory capacity, surveillance, and workforce
development. We then reflect on the challenges and oppor-
tunities of supporting this progress immediately after the
large public health response.

Emergency Response

Although response coordination was challenging, espe-
cially during the initial phase, establishment of incident
management systems (IMS) for the Ebola response facili-
tated coordination of multiple partners that contributed to
control of the main outbreak. In Liberia, the Ministry of
Health (MOH) established a national IMS in July 2014,
with support from the US Centers for Disease Control and
Prevention (CDC), the World Health Organization (WHO),
and other partners. Management of daily activities through
Emergency Operations Centers (EOs) improved coordina-
tion of response efforts at national and county levels (7).
During the response, the physical location for the national
EOC moved from a temporary location to a new permanent
infrastructure on the campus of the MOH. In Sierra Le-
one, outbreak response was coordinated primarily through
national and district Ebola response centers supported by
civilian and military personnel and resources from the
United Kingdom. During the response, new infrastructure
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was created to increase coordination capacity, emergency
response coordination plans were developed, and designat-
ed staff were trained. In Guinea, the IMS was coordinated
through a Guinea-led National Coordination Cell with sup-
port from WHO, CDC, and the Public Health Agency of
Canada. An EOC was established, and staff received basic
training in emergency management that facilitated coordi-
nation efforts.

The appearance of Ebola clusters after continuous
transmission was controlled provided evidence that Ebo-
la virus could persist in survivors of Ebola virus disease
(EVD) and could be sexually transmitted to others, initiat-
ing new chains of transmission (8-10). Therefore, it was
essential to maintain capacity to rapidly recognize and re-
spond to Ebola cases. The first well-characterized case of
transmission related to viral persistence occurred in Libe-
ria, ~1 month after the epidemic had first been controlled
and before Liberia had met the WHO criteria to be declared
free of Ebola transmission (8,9). At that point, the response
structure and resources remained in place. The diagnosis
was rapidly confirmed, the response was robust, and there
was no evidence of secondary transmission.

Additional clusters (2 in Liberia, 3 in Sierra Leone,
and 1 that began in Guinea and spread to Liberia) occurred
after interruption of transmission in each country (Figure).
The responses to these additional clusters were also robust;

in most instances, transmission was limited to 0 or 1 gen-
eration (11). In Sierra Leone, responses to 2 clusters were
coordinated through the same structures used to respond
to the main epidemic. The responsibility for emergency
response coordination was transferred to the Ministry of
Health and Sanitation on January 1, 2016. The agency’s
abilities were immediately tested by the recognition of an
EVD case, likely related to transmission from an EVD sur-
vivor, on January 14, 2016 (12). The Ministry of Health
and Sanitation stood up its emergency response structure
and led a complex control effort that required coordination
across 5 districts (13). The response led to identification of
131 contacts and implementation of enhanced community
surveillance in 1 district for 2 months after the end of con-
tact monitoring. The cluster was limited to 1 generation;
disease occurred only in the index case-patient and a single
high-risk contact.

The final cluster of Ebola during the epidemic was
recognized in March 2016 (10) and occurred under condi-
tions that were similar to the initial situation in the main
epidemic; cases were first diagnosed in southeastern
Guinea, and a person with a history of high-risk contact
fled across the border to Liberia, where Ebola was con-
firmed in a patient at a hospital in the capital, Monrovia.
Responses were led by host country government IMSs and
supported by a range of international partners. Although

Figure. Ebola virus disease clusters after interruption of the 2014-2015 Ebola outbreak in Liberia (green), Sierra Leone (blue), and
Guinea (red). Lines reflect total weekly case numbers during the primary outbreak. Arrows indicate the first reported case in each
postoutbreak cluster; color indicates the country where the cluster was first recognized (the March 2016 cluster began in Guinea, but
spread to Liberia), and gradients indicate timespan of cluster. Circle sizes are proportional to cluster size, and the total number of

confirmed and probable cases in each cluster is shown in the circles.
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the cluster in Guinea was not identified until there had al-
ready been 3 generations of viral transmission, and initial
contact identification efforts were delayed by community
resistance, the response was effective, containing spread
to 2 additional generations. In Liberia, transmission was
limited to 1 generation, affecting only immediate family
members of the index case-patient. These outcomes were
vastly different than that for the initial introduction of
Ebola in West Africa.

IMSs have proven beneficial for response efforts be-
yond those for which they were originally established. The
effective control of the Ebola outbreak in Nigeria after trav-
el of an infected person from Monrovia to Lagos in July
2014 was facilitated by the use of an established polio IMS
(14). Likewise, IMSs established for the Ebola response
have provided a structure for organization of other response
efforts. In Liberia, increases in the number of measles and
Lassa fever cases led to the activation of the IMS on March
14, 2016; the IMS coordinated case investigations, contact
tracing, diagnostic evaluation, case management, and pre-
vention efforts. In Sierra Leone, the IMS was activated for
an outbreak of measles, which was successfully controlled
after a vaccination campaign, and for investigation of cases
of acute flaccid paralysis. In Guinea, the EOC established
during the Ebola response was integrated into the newly
formed Agence National de Sécurité Sanitaire (ANSS) and
is responsible for managing epidemics in Guinea; the EOC
is managed by a dedicated team of 5 ANSS staff members
assisted by CDC, Public Health Agency of Canada, and
NGO partners. The EOC has been activated to coordinate
investigations and responses to yellow fever and measles
outbreaks and provides strong support to the surveillance
unit of the ANSS by coordinating meetings and informa-
tion sharing, producing situational reports, and providing
logistic support.

Expansion of Laboratory Capacity

At the beginning of the Ebola epidemic in West Africa,
diagnosis relied on complex tests, primarily reverse tran-
scription PCR (RT-PCR), conducted in carefully controlled
settings. Capacity to conduct these tests in Liberia, Sierra
Leone, and Guinea was limited, and the initial diagnosis
was confirmed by testing of samples sent to an international
reference laboratory. During the outbreak, most samples
were tested by international teams in field laboratories
(15). However, over the course of the outbreak, capacity
to conduct RT-PCR was established or expanded in na-
tional laboratories in each country, and capacity for new
technologies was developed, including the use of the Gen-
eXpert platform (Cepheid, Sunnyvale, CA, USA) for PCR
and rapid diagnostic tests (RDTs) based on lateral flow as-
says. These new tests became critical for confirmation of
cases later in the outbreak and for ruling out disease and
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supporting Ebola surveillance. For example, hospital staff
performed testing that identified the first case in Liberia
during the final outbreak in early 2016 (16). In Guinea, Eb-
ola RDTs were used to expand testing capacity to a broader
patient population than would have otherwise been tested
and to screen for infection status among the deceased to
allow families to proceed rapidly with burial. OraQuick
Ebola Rapid Antigen Tests (OraSure Technologies, Inc.,
Bethlehem, PA, USA) were piloted at 15 sites in Foréca-
riah Prefecture in October 2015 by the Guinea MOH and
Red Cross staff (17) and eventually used to test >4,000 fe-
brile patients and >3,000 deceased patients. Although there
appears to be potential for a useful role for Ebola RDTs,
progress has been limited for availability, liscensing, and
development of guidelines for use of these tests, and the
role of postoutbreak Ebola-specific RDTs has diminished.
As of late 2017, Liberia, Sierra Leone, and Guinea main-
tain national and sometimes regional capacity to conduct
EVD testing.

In all 3 of these countries, the expansion of Ebola di-
agnostic capacity extended beyond the ability to diagnose
acute infection. Serologic testing contributed to the under-
standing of disease transmission (18), and programs were
established that supported testing of semen and other body
fluids for Ebola virus RNA (19). Local determination of vi-
ral sequences also provided key information to inform con-
trol efforts; for example, a laboratory established in Sierra
Leone in April 2015, staffed by locally trained scientists,
conducted rapid sequencing of full Ebola RNA genome
sequences and informed the investigation of subsequent
Ebola clusters (13,20).

Expanding Ebola diagnostic capacity improved ca-
pacity for diagnosis of other diseases of public health
importance, and there has been substantial progress in
developing or updating laboratory strategic plans, es-
tablishing and improving sample transport networks,
and safely storing biologic specimens. In Liberia, diag-
nostic capacity has been established or reestablished for
all identified priority reportable diseases (Table 1), and
a nationwide sample transport system has transported
>50,000 laboratory specimens from >302 sites across all
15 counties since April 2015. In Sierra Leone, focused
collaborative efforts have improved the infrastructure at
the national reference laboratory and supported broad
training in quality management; progress in establishing
systems for sample transport has been limited. In Guinea,
much of the laboratory equipment and infrastructure used
for Ebola RT-PCR diagnosis by international partners,
including a field laboratory established by the US De-
fense Threat Reduction Agency, have been donated to the
MOH. Multiple partners are assisting the MOH to expand
diagnostic capacity on these platforms to other diseases
of epidemic potential.
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Table 1. Timeframe for establishment or reestablishment of capacity to test for key notifiable diseases in Liberia after 2014-2015

Ebola outbreak and response*

IDSR priority disease Q12016 Q2 2016 Q3 2016 Q4 2016 Q12017
Acute flaccid paralysis Sent to WHO/regional laboratory outside Liberia for testing
Acute watery diarrhea (cholera) t t ¥ § §
Acute bloody diarrhea (shigella) T T s § §
Human rabies Sent to WHO/regional Laboratory outside Liberia for testing
Lassa fever t t ¥ § §
Measles ¥ § § § 8
Meningitis t t T t §
Neonatal tetanus Not applicable; diagnoses based on clinical symptoms
Viral hemorrhagic fever (including Ebola virus disease) § § § 8
Yellow fever t § § § §

*IDSR, Integrated Disease Surveillance and Response framework; Q, quarter,
tCapacity was not available during the specified quarter.

fCapacity was partially established.

§Established laboratory capacity.

WHO, World Health Organization.

Improved Surveillance

Before the Ebola epidemic, sentinel and event-based dis-
ease surveillance systems were generally limited in all 3
affected countries; these were further disrupted by the
epidemic. However, the Ebola response and health system
recovery efforts in these countries have led to improved
surveillance for EVD and other epidemic-prone diseases.
Event-based surveillance in Liberia is implemented as part
of a broad system for Integrated Disease Surveillance and
Response (IDSR), which documents 14 priority diseases
and conditions. A 5-year IDSR strategic plan is in place
and surveillance officers at national and subnational levels
have undergone training based on updated IDSR techni-
cal guidelines (21). Through the Community Event-Based
Surveillance system (https://www.globalcommunities.org/
liberia), events in the community are reported to a surveil-
lance focal person at the closest health facility, then to
the district and county surveillance officers, and reported
weekly to the MOH Disease Prevention and Control unit at
the national level. Timeliness and completeness of report-
ing were high before the Ebola outbreak, fell during the
outbreak, and currently average >99%. Efforts are ongoing
to improve the quality of both the reported data and the
response to reports of notifiable diseases and to implement
an electronic early warning system to further improve alert
notification and response.

Since the Ebola outbreak in Sierra Leone, IDSR-based
surveillance has been implemented nationwide. Although
IDSR had been technically adopted by Sierra Leone, its
implementation had been incomplete before the Ebola
outbreak. Improvements in the quality of data collation,
analysis, and presentation by central public health authori-
ties have been supported through training, mentorship, and
supportive supervision that has included comprehensive
data quality audits. The system now monitors 28 priority
diseases, conditions, and events. Surveillance data are re-
ported electronically in all 13 districts by using a mobile
electronic Integrated Disease Surveillance and Response
system (eIDSR) that is compliant with the DHIS2 data
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management system (https://www.dhis2.org/); this system
resulted in 94% of health facilities reporting to their dis-
tricts in 2016 (Table 2).

In August 2015, Guinea’s MOH created and vali-
dated the Surveillance of Epidemic-Prone Diseases plan.
In February 2016, IDSR training was conducted for na-
tional trainers, who then trained other surveillance sys-
tem staff. Also in early 2016, Guinea established a novel
program to monitor for Ebola resurgence. Ebola survivors
were engaged in active surveillance for Ebola-like illness
among their contacts and in their communities (Surveil-
lance Active en Ceinture SA-Ceint [22]). During the final
months of the Ebola epidemic, the MOH also launched
community-based surveillance for epidemic-potential dis-
eases in priority prefectures, which supported reporting
of key community-level alerts to the local health facil-
ity. A DHIS2-based eIDSR reporting system was estab-
lished for collection of monthly surveillance data in all
38 prefectures of Guinea; the eIDSR system is being ex-
panded in 2017 to include the weekly and immediate sur-
veillance reporting, including case-based surveillance for
priority diseases.

Expansion of Human Capacity
Building public health capacity within the staff of govern-
ments is expected to have long-term, broad impacts (6).
Although it is difficult to precisely measure the effect of
a capable public health workforce, quality public health
responses are highly dependent on the availability of well-
trained staff. When Ebola spread to Nigeria, trained epide-
miologists rapidly mounted extensive and successful con-
tact identification and monitoring activities and kept Ebola
from spreading broadly, likely preventing a catastrophic
outcome (23). Thus, a major priority in building public
health capacity is to support training in surveillance and
epidemic response.

In each of the countries most affected by the Ebola
epidemic, the response offered an opportunity to identify
persons who have capacity to conduct public health activi-
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Table 2. Improvements in the timeliness and completeness of routine district surveillance reporting after 2014—2015 Ebola outbreak

and response, Sierra Leone, 2015-2016*

November 8—4, 2015

May 29-June 4, 2016

No. district ~ No. (%) HFs reported No. district No. (%) HFs reported
Health district HFs to district Timeliness HFs to district Timeliness
Kambia 68 30 (44t) Tt 69 67 (97) T
Port Loko 106 0 (0T1) NRT 111 102 (92) T+
Bombali 104 0 (0t1) NRT 113 111 (98) Tt
Koinadugu 72 24 (33t) Tt 72 63 (88) T
Tonkolili 103 0 (0t1) NRT 107 96 (90) Tt
Kono 86 80 (93) T* 91 91 (100) Tt
Kenema 123 26 (21t1) Tt 123 (120 98) T
Kailahun 86 16 (187) T* 86 85 (99) Tt
Bombali 121 38 (311) T* 128 128 (100) Tt
Moyamba 100 95 (95) Tt 101 101 (100) T
Bonthe 55 54 (98) Tt 55 50 (91) T+
Pujehun 77 0 (0t1) NRT 77 47 (618) Tt
Western Area 114 65 (578) L§ 120 118 (98) T
Overall 1,215 428 35 NC 1,253 1,179 (94) NC

*Timeliness indicates timing of districts reporting to national level. During 2015, 35% of HFs in Sierra Leone reported Ebola cases to their respective
districts. During 2016, 94% of health facilities reported to their districts, and all districts reported at the national level. Data source: CDC Sierra Leone
Country Office analysis of Sierra Leone Ministry of Health data. HF, health facility; L, late; NR, no report; NC, not calculated; T, on time.

TLevel of completeness <50%; performance did not meet minimum standard.

fLevel of completeness >50% and <80%; performance met minimum standard, but did not meet target.

§Level of completeness >80%; performance met target.

ties. Many persons engaged as surveillance officers during
the response demonstrated interest in and aptitude for these
activities and have since chosen to pursue training and ca-
reers in public health.

Training in field epidemiology is among the top priori-
ties related to expanding public health capacity. Frontline
Field Epidemiology Training Programs (FETPSs) have been
established in all 3 of the countries most affected by the
Ebola epidemic. The FETP-Frontline program provides 3
months of on-the-job training and supervision for surveil-
lance officers working within the MOH (24). In Liberia,
the FETP-Frontline was launched in August 2015; by early
2017, more than 120 surveillance officers in Liberia had
completed training, and there are now trained staff in all
15 counties and each of Liberia’s 90 districts. Sierra Leone
established a FETP-Frontline program in June 2016 that
has now graduated >35 trainees from the national response
structure, including all districts. By early 2017, FETP par-
ticipants had conducted >50 case investigations for acute
flaccid paralysis, rabies, maternal deaths, cholera, measles,
yellow fever, meningitis, neonatal tetanus, and unexplained
deaths, as well as investigations of outbreaks of Lassa fever
and rubella. In Guinea, the FETP was launched in Decem-
ber 2016 by the training of 8 MOH staff who will mentor
their peers. A cohort of 25 MOH staff began the training
program in January 2017; 80 staff are expected to graduate
by mid-2018.

FETP-Intermediate, a 9-month program to train super-
visory surveillance officers and strengthen their field epi-
demiology, data analysis, and public health skills (24), was
launched in Liberia in April 2017 and in Sierra Leone in
mid-2017 and will launch in Guinea in early 2018. This
training will equip surveillance officers with knowledge
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and skills to supervise staff and provide leadership during
outbreak responses.

Workforce development has included a broad range
of other training activities. In Liberia, Sierra Leone, and
Guinea, focused training and mentoring on infection
prevention and control (IPC) principles and practices
was provided at health facilities in the area of an Eb-
ola cluster by using an approach termed ring-IPC (25),
and thousands of healthcare workers have been trained
in IPC principles. Sierra Leone has initiated workforce
capacity building in preservice and in-service training
programs in laboratory, epidemiology, infection preven-
tion and control, program management, and emergency
management. In Guinea, laboratory training has includ-
ed diagnosis of EVD, meningitis, cholera, and shigel-
losis, as well as sample transport, biosafety/biosecurity,
quality management systems, and molecular biology.
A critical element of workforce development has been
to support training of managers responsible for public
health programs.

Effects of the Ebola Response on

General Public Health Capacity

The resources committed to the Ebola response and post-
Ebola recovery have facilitated improvements in the pub-
lic health systems in West Africa. Beyond resources, there
are several other critical requirements for effective expan-
sion of public health capacity. In a 2008 practice note (26),
the United Nations Development Programme highlighted
the essential nature of the “demand side” of the capacity-
building equation: the requirement that host countries
value and support the need to invest in the identified capa-
bilities. Throughout the epidemic, there were examples of
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uncertainty within national governments and the affected
populations about whether the Ebola threat was real (27)
but also evidence of growing appreciation of the need for
and the ability to successfully implement control measures.
The governments of the affected countries have expressed
broad appreciation for the support provided by internation-
al partners (28).

Effective capacity building also requires trust of those
offering support (26). Partnerships should be established
and expanded transparently and must be based on under-
standing and mutual responsibility. Development of this
type of partnership usually takes years. However, the Ebola
epidemic juxtaposed external responders with those from
the host country under conditions that demanded close
and effective working relationships that could not func-
tion without mutual trust and respect. Maintaining effective
relationships built during the crisis has likely accelerated
progress during postepidemic recovery. Successful, locally
led responses to new clusters of Ebola and to conditions
such as measles and acute flaccid paralysis demonstrate the
potential for a crisis such as the Ebola epidemic to lead to
improvements in local capacity that can have long-lasting
benefits, improving health security for the affected nations
and the world.

Since the development of the Joint External Evalua-
tion (JEE) tool (29), progress toward compliance with 2005
International Health Regulations (30) can now be assessed
systematically. Liberia and Sierra Leone were among the
25 countries that completed initial JEEs by the end of 2016
(29); a JEE was completed in Guinea in April 2017. Prog-
ress was evaluated by comparison with previously con-
ducted self-assessments; all 3 countries achieved accept-
able levels of compliance in several areas assessed by the
JEE and clear progress in others. The JEE is not meant to
be used to compare countries; however, the performance
measures in the Ebola-affected countries were consistent
with those achieved by several countries that had higher
development indexes.

There are serious risks to the progress that has been
achieved in the region. All 3 Ebola-affected countries con-
tinue to receive crucial ongoing support from international
donors and technical partners. However, although the US
government maintains a high priority for supporting global
health security activities (31), critical funding to support
critical activities, such as surveillance, laboratory capac-
ity, and workforce development, was provided through a
one-time emergency appropriation (32). It will likely not
be possible for the US government and its partners to main-
tain the staffing in West Africa that was established in the
wake of the outbreak. Neither is it certain that resources
for capacity building from other donors will be sustained.
Although surveillance systems currently continue to pro-
vide timely data on critical disease threats, it may not be
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possible to maintain community-based activities that were
established during or after the Ebola outbreak. The gains
made in laboratory capacity are especially fragile; labora-
tories in all 3 countries continue to rely on support from
partners for equipment maintenance and replacement, re-
agents, and ongoing training. Local laboratory capacities
and sample transport function remain suboptimal, and there
is persistent need for international partners to provide refer-
ence laboratory testing, as was the case for the May 2017
outbreak of meningococcal meningitis in Liberia (33).

Clearly, it is ideal to build public health capacity before
the occurrence of a public health threat. However, there are
lessons from the post-Ebola capacity-building efforts to
strengthen global health security. Donors and organizations
that support an emergency response should be reassured
that resources committed to a response—if appropriately
coordinated and targeted—can have an impact beyond the
response itself. When possible, continuing support into the
postepidemic period could both optimize readiness for pos-
sible resurgence of the initial threat and contribute to broad
and rapid progress toward health security goals.

Conclusions

Global health security relies on the ability of all countries
to prevent, rapidly detect, and respond to public health
threats at their source. The West Africa Ebola epidemic
highlighted the importance of strong public health systems
and the need for local public health systems that include
ongoing surveillance, a well-trained workforce, laboratory
capacity, and emergency response capabilities. In settings
with limited public health capacity or in which the mag-
nitude of a health threat overwhelms local capacity and
requires international support, response efforts provide a
unique opportunity for strengthening public health systems
and can serve as a further catalyst to accelerate progress
toward global health security goals.

Acknowledgments

We are grateful to the many collaborators in the affected
countries, multilateral, bilateral, and NGO partners, and
especially the populations affected by Ebola. We are grateful to
Schabbethai Sainvil for assistance with the figure, Erica Meyer
for assistance with Table 1, and John Saindon for assistance
with Table 2.

Activities described in this article were supported by the
governments of Liberia, Sierra Leone, and Guinea and a wide
range of development and technical partners, with a focus on
activities supported by the Centers for Disease Control and
Prevention. No specific funding was used for the development of
the paper.

Dr. Marston is the Deputy Director for Science and Programs
for the Division of Parasitic Diseases and Malaria within CDC’s

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 23, Supplement to December 2017



Center for Global Health. During CDC’s response to the West
Africa Ebola epidemic, Dr. Marston helped coordinate CDC’s
international activities. She also led a specific office dedicated
to providing support to the Ebola Affected Countries during the
initial phases of the recovery following the epidemic.

References

1. World Health Organization. Situation report—Ebola virus disease.
June 10 2016 [cited 2017 Oct 4]. http://apps.who.int/iris/bitstream/
10665/208883/1/ebolasitrep_10Jun2016_eng.pdf

2. Selim J. United Nations Development Programme. Human
development report 2016 [cited 2017 Mar 6]. http://hdr.undp.org/
en/2016-report

3. Aylward B, Barboza P, Bawo L, Bertherat E, Bilivogui P, Blake I,
et al.; WHO Ebola Response Team. Ebola virus disease in West
Africa—the first 9 months of the epidemic and forward projections.
N Engl J Med. 2014;371:1481-95. http://dx.doi.org/10.1056/
NEJMoal411100

4. United Nations Development Programme. West African economies
feeling ripple effects of Ebola, says UN. 2015 Mar 12 [cited 2017
Mar 6]. http://www.undp.org/content/undp/en/home/presscenter/
pressreleases/2015/03/12/west-african-economies-feeling-ripple-
effects-of-ebola-says-un.html

5. Parpia AS, Ndeffo-Mbah ML, Wenzel NS, Galvani AP. Effects of
response to 20142015 Ebola outbreak on deaths from malaria,
HIV/AIDS, and tuberculosis, West Africa. Emerg Infect Dis.
2016;22:433-41. http://dx.doi.org/10.3201/eid2203.150977

6. Crisp BR, Swerissen H, Duckett SJ. Four approaches to capacity
building in health: consequences for measurement and accountability.
Health Promot Int. 2000;15:99-107. http://dx.doi.org/10.1093/
heapro/15.2.99

7. Pillai SK, Nyenswah T, Rouse E, Arwady MA, Forrester JD,
Hunter JC, et al.; Centers for Disease Control and Prevention.
Developing an incident management system to support Ebola
response—Liberia, July-August 2014. MMWR Morb Mortal Wkly
Rep. 2014;63:930-3.

8. Christie A, Davies-Wayne GJ, Cordier-Lassalle T, Blackley DJ,
Laney AS, Williams DE, et al.; Centers for Disease Control and
Prevention (CDC). Possible sexual transmission of Ebola virus—
Liberia, 2015. [Erratum in: MMWR Morb Mortal Wkly Rep. 2015
Oct 23;64]. MMWR Morb Mortal Wkly Rep. 2015;64:479-81.

9. Mate SE, Kugelman JR, Nyenswah TG, Ladner JT, Wiley MR,
Cordier-Lassalle T, et al. Molecular evidence of sexual
transmission of Ebola virus. N Engl J Med. 2015;373:2448-54.
http://dx.doi.org/10.1056/NEJMoal509773

10. Diallo B, Sissoko D, Loman NJ, Bah HA, Bah H, Worrell MC,
et al. Resurgence of Ebola virus disease in Guinea linked to a
survivor with virus persistence in seminal fluid for more than 500
days. Clin Infect Dis. 2016;63:1353—-6. http://dx.doi.org/10.1093/
cid/ciw601

11.  Centers for Disease Control and Prevention. CDC’s ongoing work
to contain Ebola. 2016 June [cited 2017 Apr 27]. https://www.cdc.
gov/vhf/ebola/pdf/cdcs-ongoing-work.pdf

12. World Health Organization. New Ebola case in Sierra Leone. WHO
continues to stress risk of more flare-ups. 2016 Jan 15 [cited 2017
Mar 6]. http://www.who.int/mediacentre/news/statements/2016/
new-ebola-case/en/

13.  Alpren C, Sloan M, Boegler KA, Martin DW, Ervin E, Washburn F,
et al.; Interagency Investigation Team. Ebola virus disease
cluster—northern Sierra Leone, January 2016. MMWR Morb
Mortal Wkly Rep. 2016;65:681-2. http://dx.doi.org/10.15585/
mmwr.mm6526a4

14.  Shuaib F, Gunnala R, Musa EO, Mahoney FJ, Oguntimehin O,
Nguku PM, et al.; Centers for Disease Control and Prevention

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30

Ebola Response Impact on Public Health Programs

(CDC). Ebola virus disease outbreak—Nigeria, July—September
2014. MMWR Morb Mortal Wkly Rep. 2014;63:867-72.

Sealy TK, Erickson BR, Taboy CH, Stréher U, Towner JS,
Andrews SE, et al. Laboratory response to Ebola—West

Africa and United States. MMWR Suppl. 2016;65:44-9.
http://dx.doi.org/10.15585/mmwr.su6503a7

Centers for Disase Control and Prevention. Liberia: the journey to
redemption. 2016 Sep 27 [cited 2017 Sep 20]. https://www.cdc.gov/
globalhealth/healthprotection/eaco/stories/redemption-hospital.html
Huang JY, Louis FJ, Dixon MG, Sefu M, Kightlinger L,

Martel LD, et al. Baseline assessment of the use of Ebola rapid
diagnostic tests—Forécariah, Guinea, October—November 2015.
MMWR Morb Mortal Wkly Rep. 2016;65:328-9. http://dx.doi.org/
10.15585/mmwr.mmo6512a4

Keita M, Duraffour S, Loman NJ, Rambaut A, Diallo B,
Magassouba N, et al. Unusual Ebola virus chain of transmission,
Conakry, Guinea, 2014-2015. Emerg Infect Dis. 2016;22:2149-52.
http://dx.doi.org/10.3201/eid2212.160847

Purpura LJ, Soka M, Baller A, White S, Rogers E, Choi MJ,

et al. Implementation of a national semen testing and

counseling program for male Ebola survivors—Liberia, 2015—
2016. MMWR Morb Mortal Wkly Rep. 2016;65:963—-6.
http://dx.doi.org/10.15585/mmwr.mm6536a5

Arias A, Watson SJ, Asogun D, Tobin EA, Lu J, Phan MVT,

et al. Rapid outbreak sequencing of Ebola virus in Sierra Leone
identifies transmission chains linked to sporadic cases. Virus Evol.
2016;2(1):vew016. http://dx.doi.org/10.1093/ve/vew016

World Health Organization. Technical guidelines for integrated
disease surveillance and response 2010 [cited 2017 Apr 27].
http://www.afro.who.int/publications/technical-guidelines-
integrated-disease-surveillance-and-response-african-region-0
World Health Organization. Building the legacy of Ebola:
survivors, health systems, and a blueprint for research and
development. 2017 Jan 31 [cited 2017 Apr 27]. http://reliefweb.int/
sites/reliefweb.int/files/resources/ebola-response-report-2016.pdf
General Electric (GE) Reports. Dr. Tom Frieden: protecting the
world from the next pandemic. 2015 Oct 29 [cited 2017 Apr 17].
http://www.gereports.com/dr-tom-frieden-protecti