


Peer-Reviewed Journal Tracking and Analyzing Disease Trends

EMERGING
INFECTIOUS DISEASES

EDITOR-IN-CHIEF
D. Peter Drotman

pages 169-364

Associate Editors

Paul Arguin, Atlanta, Georgia, USA

Charles Ben Beard, Ft. Collins, Colorado, USA
Ermias Belay, Atlanta, Georgia, USA

David Bell, Atlanta, Georgia, USA

Sharon Bloom, Atlanta, GA, USA

Mary Brandt, Atlanta, Georgia, USA

Corrie Brown, Athens, Georgia, USA

Michel Drancourt, Marseille, France

Paul V. Effler, Perth, Australia

David Freedman, Birmingham, Alabama, USA
Peter Gerner-Smidt, Atlanta, Georgia, USA
Stephen Hadler, Atlanta, Georgia, USA

Nina Marano, Atlanta, Georgia, USA

Martin I. Meltzer, Atlanta, Georgia, USA
David Morens, Bethesda, Maryland, USA

J. Glenn Morris, Gainesville, Florida, USA
Patrice Nordmann, Fribourg, Switzerland
Didier Raoult, Marseille, France

Pierre Rollin, Atlanta, Georgia, USA

Frank Sorvillo, Los Angeles, California, USA
David Walker, Galveston, Texas, USA

Senior Associate Editor, Emeritus
Brian W.J. Mahy, Bury St. Edmunds, Suffolk, UK

Managing Editor
Byron Breedlove, Atlanta, Georgia, USA

Copy Editors Claudia Chesley, Karen Foster, Thomas Gryczan,
Jean Michaels Jones, Shannon O’Connor, Rhonda Ray, Jude Rutledge,
Carol Snarey, P. Lynne Stockton

Production William Hale, Aaron Moore, Barbara Segal,
Reginald Tucker

Editorial Assistant Jared Friedberg
Communications/Social Media Sarah Logan Gregory

Founding Editor
Joseph E. McDade, Rome, Georgia, USA

Emerging Infectious Diseases is published monthly by the Centers for Disease Control and
Prevention, 1600 Clifton Road, Mailstop D61, Atlanta, GA 30329-4027, USA. Telephone
404-639-1960, fax 404-639-1954, email eideditor@cdc.gov.

The conclusions, findings, and opinions expressed by authors contributing
to this journal do not necessarily reflect the official position of the U.S. Depart-
ment of Health and Human Services, the Public Health Service, the Centers for
Disease Control and Prevention, or the authors’ affiliated institutions. Use of
trade names is for identification only and does not imply endorsement by any of
the groups named above.

All material published in Emerging Infectious Diseases is in the public
domain and may be used and reprinted without special permission; proper
citation, however, is required.

Use of trade names is for identification only and does not imply
endorsement by the Public Health Service or by the U.S. Department of Health
and Human Services.

EMERGING INFECTIOUS DISEASES™ is a trademark of the US
Department of Health and Human Services.

EDITORIAL BOARD

Dennis Alexander, Addlestone, Surrey, UK
Timothy Barrett, Atlanta, Georgia, USA

Barry J. Beaty, Ft. Collins, Colorado, USA
Martin J. Blaser, New York, New York, USA
Christopher Braden, Atlanta, Georgia, USA
Arturo Casadevall, New York, New York, USA
Kenneth C. Castro, Atlanta, Georgia, USA
Louisa Chapman, Atlanta, Georgia, USA
Thomas Cleary, Houston, Texas, USA

Vincent Deubel, Shanghai, China

Ed Eitzen, Washington, DC, USA

Daniel Feikin, Baltimore, Maryland, USA
Anthony Fiore, Atlanta, Georgia, USA

Isaac Chun-Hai Fung, Statesboro, Georgia, USA
Kathleen Gensheimer, College Park, MD, USA
Duane J. Gubler, Singapore

Richard L. Guerrant, Charlottesville, Virginia, USA
Scott Halstead, Arlington, Virginia, USA
Katrina Hedberg, Portland, Oregon, USA
David L. Heymann, London, UK

Charles King, Cleveland, Ohio, USA

Keith Klugman, Seattle, Washington, USA
Takeshi Kurata, Tokyo, Japan

S.K. Lam, Kuala Lumpur, Malaysia

Stuart Levy, Boston, Massachusetts, USA

John S. MacKenzie, Perth, Australia

Marian McDonald, Atlanta, Georgia, USA
John E. McGowan, Jr., Atlanta, Georgia, USA
Jennifer H. McQuiston, Atlanta, Georgia, USA
Tom Marrie, Halifax, Nova Scotia, Canada
Nkuchia M. M’ikanatha, Harrisburg, Pennsylvania, USA
Philip P. Mortimer, London, UK

Fred A. Murphy, Galveston, Texas, USA
Barbara E. Murray, Houston, Texas, USA

P. Keith Murray, Geelong, Australia

Stephen M. Ostroff, Silver Spring, MD, USA
Ann Powers, Fort Collins, Colorado, USA
Gabriel Rabinovich, Buenos Aires, Argentina
Mario Raviglione, Geneva, Switzerland

David Relman, Palo Alto, California, USA
Connie Schmaljohn, Frederick, Maryland, USA
Tom Schwan, Hamilton, Montana, USA

Ira Schwartz, Valhalla, New York, USA

Tom Shinnick, Atlanta, Georgia, USA

Bonnie Smoak, Bethesda, Maryland, USA
Rosemary Soave, New York, New York, USA
P. Frederick Sparling, Chapel Hill, North Carolina, USA
Robert Swanepoel, Pretoria, South Africa
Phillip Tarr, St. Louis, Missouri, USA

Timothy Tucker, Cape Town, South Africa
Elaine Tuomanen, Memphis, Tennessee, USA
John Ward, Atlanta, Georgia, USA

J. Todd Weber, Atlanta, Georgia, USA

Mary E. Wilson, Cambridge, Massachusetts, USA

o Emerging Infectious Diseases is printed on acid-free paper that meets the
requirements of ANSI/NISO 239.48-1992 (Permanence of Paper)

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 22, No. 2, February 2016



EMERGING
INFECTIOUS DISEASES

February 2016

Perspective

Ebola and Its Control in Liberia,
2014-2015....cccciumrimrinrnnnrn s s 169

T.G. Nyenswah et al.

Several factors explain the successful response
to the outbreak in this country.

Synopses

Epidemiology of Epidemic Ebola

Virus Disease in Conakry and
Surrounding Prefectures,

Guinea, 2014-2015.......cccarumumrases 178
A. Rico et al.

The capital and neighboring areas remain a
focal point of transmission, requiring continued
public health vigilance.

Hospital Preparations for Viral
Hemorrhagic Fever Patients

and Experience Gained from the
Admission of an Ebola Patient..... 184
J.J.M. Haverkort et al.

Clear protocols, a buddy system, and intensive
staff training increased the sense of safety and
motivation among staff.

Research

Trematode Fluke Procerovum varium
as Cause of Ocular Inflammation in
Children, South India .......c.ccveraeee 192
L.K. Aryaetal.

Larvae of this fluke are novel causes of
granulomatous eye disease in children.

On the Cover
Edward Epp (b. 1950),
From the Randal Street
Apartment—to the South
East—Monrovia, 1981.
Watercolor on paper, 22 in

x 30in/55.8 cm x 76.2 cm.
Digital image courtesy of
Marion Scott Gallery/Kardosh
Projects, Vancouver, British
Columbia, Canada.

About the Cover p. 357

p- 197

Association between Landscape
Factors and Spatial Patterns

of Plasmodium knowlesi

Infections in Sabah, Malaysia...... 201
K.M. Fornace et al.

Forest loss and other environmental changes
correlate with increased malaria incidence.

Feasibility of Xpert Ebola Assay

in Médecins Sans Frontiéres

Ebola Program, Guinea................ 210
R. Van den Bergh et al.

The assay provides results in less time than
routine PCR and is equally sensitive.

Prognostic Indicators for Ebola
Patient Survival.........ccvemvvimvernnnes 217

S.J. Crowe et al.

Odds of survival were greatest when first Ebola
virus—positive blood sample collected had low
viral load.

Invasive Group A Streptococcus
Infection among Children,

Rural Kenya .....cvcvmmnemernessannanns 224
A.C. Seale et al.

These infections cause serious illness,
especially in neonates.

Randomized Controlled Trial of
Hospital-Based Hygiene and

Water Treatment Intervention
(CHoB17) to Reduce Cholera ....... 233
C.M. George et al.

This intervention significantly reduced
symptomatic Vibrio cholerae infection.

EDUEATIONI

ACTIVITY

[E#3E Sustained Transmission
gi':? of Pertussis in Vaccinated,
Y i 1-5-Year-Old
4 Children in a Preschool,
Florida, USA........cceevmueuns 242
J. Matthias et al.

Monitoring vaccine performance is necessary
to identify disease outbreaks of emerging
epidemiologic trends.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 22, No. 2, February 2016



EDWU EATIBNI

ACTIVITY
[ET4:3[E Molecular Characterization
in of Invasive Streptococcus
dysgalactiae subsp.

(=555 equisimilis, Japan .......... 247
T. Wajima et al.

This infection is an increasing threat to
aging populations.

Population Effects of Influenza
A(H1N1l) Pandemic among

Health Plan Members,

San Diego, California, USA,
October-December 2009............. 255
R.A. Bitar

Population-specific data were collected
and analyzed to improve planning for
influenza A pandemics.

Epidemiology of Serotype 1

Invasive Pneumococcal Disease,
South Africa, 2003-2013............. 261
C. von Mollendorf et al.

Because of the epidemic nature of this disease
and its distinctive clinical features in this area,
surveillance should continue.

Dispatches

271 Dogs and Opossums Positive
for Vaccinia Virus during
Outbreak Affecting

Cattle and Humans,

Sao Paulo State, Brazil

M.G. Peres et al.

274 Hemorrhagic Fever with
Renal Syndrome, Zibo City,

China, 2006-2014
L. Wang et al.

277 African Buffalo Movement and
Zoonotic Disease Risk across
Transfrontier Conservation
Areas, Southern Africa

A. Caron et al.
281 Anaplasmataceae-Specific
PCR for Diagnosis and
Therapeutic Guidance for
Symptomatic Neoehrlichiosis
in Immunocompetent Host

M. Schwamesis et al.

285 Candidatus Coxiella
massiliensis Infection

E. Angelakis et al.

EMERGING

INFECTIOUS DISEASES

289

292

295

298

302

306

309

312

316

319

February 2016

Ebola Virus Persistence in
Semen Ex Vivo

R.J. Fischer et al.

Ebola Virus RNA Stability
in Human Blood and Urine
in West Africa’s
Environmental Conditions

F. Janvier et al.

Uveitis and Systemic
Inflammatory Markers in
Convalescent Phase of
Ebola Virus Disease

J.R. Chancellor et al.

Louseborne Relapsing Fever
among East African Refugees,
Italy, 2015

A. Lucchini et al.

Mediterranean Fin Whales
(Balaenoptera physalus)
Threatened by

Dolphin Morbillivirus

S. Mazzariol et al.

Blastomyces gilchristii
as Cause of Fatal Acute
Respiratory Distress Syndrome

D. Dalcin et al.

Effectiveness of Meningococcal
B Vaccine against

Endemic Hypervirulent
Neisseria meningitidis

W Strain, England

S.N. Ladhani et al.

Frequency and Distribution of
Rickettsiae, Borreliae,

and Ehrlichiae Detected in
Human-Parasitizing Ticks,
Texas, USA

E.A. Mitchell et al.

High Prevalence of Borrelia
miyamotoi among Adult
Blacklegged Ticks from
White-Tailed Deer

S. Han et al.

Bordetella pertussis Strain
Lacking Pertactin and
Pertussis Toxin

M.M. Williams et al.

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 22, No. 2, February 2016



EMERGING ————————————
INFECTIOUS DISEASES ey S e

February 2016 Nanobubbles
323 The Merits of Malaria

Diagnostics during an Ebola
Virus Disease Outbreak

E. de Wit et al.

344 Malaria in French Guiana
Linked to Illegal Gold Mining

346 Importation of Fosfomycin
Resistance fosA3 Gene

327 Microevolution of to Europe

Outbreak-Associated
Middle East Respiratory
Syndrome Coronavirus,
South Korea, 2015

M.-W. Seong et al.

348 Mycoplasma pneumoniae
Monoclonal P1 Type 2c
Outbreak, Russia, 2013

350 Initial Costs of Ebola
Treatment Centers

331 Nanopore Sequencing as in the United States

a Rapidly Deployable
Ebola Outbreak Tool

T. Hoenen et al.

352 Detection of Influenza D Virus
among Swine and Cattle, Italy

354 AP92-like Crimean-Congo
Hemorrhagic Fever Virus
in Hyalomma aegyptium
Ticks, Algeria

Letters

335 Acute Colitis Caused by
Helicobacter trogontum in
Immunocompetent Patient

About the Cover

357 Responding to Ebola
through Visual Poetry

336 Accuracy of Dengue Reporting
by National Surveillance
System, Brazil

339 Aberrant Ascaris suum
Nematode Infection in Cattle,
Missouri, USA

Etymologia
343 Hemozoin

Correction
356 Vol. 22, No. 1

340 Vectorborne Infections, Mali

A History of the
Emerging Infectious Diseases Journal

EMERGING

Dr. D. Peter Drotman (
discuss the history of ( ))
the Emerging Infectious
Diseases journal PODCASTS

http://www2c.cdc.gov/podcasts/player.aspef=8635993

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 22, No. 2, February 2016



NEW F=ROM

OXFORD UNIVERSITY PRESS

= - _ - “A beloved travel
W THE YELLOW BOOK | must-have for the
intrepid wanderer”

——
—Publishers Weekly
c D c HEALTH

| N F 0 R M AT | 0 N FOR CDC Health Information for

International Travel 2016

' N T E R N AT I 0 N A L Centers for Disease Control

June 2015 | 688 pp.
T R Av E L 2 0 1 6 9780199379156 | Paperback $49.95

This 2016 edition of “The

Yellow Book” offers the US
governments most current health
recommendations for international
travel, complete with expanded
information on emerging global
diseases, disease risk maps, vaccine
requirements and recommendations,
and country-specific yellow fever
vaccine recommendation maps.

Available June 2015
wherever books are sold

OXTFORD

To order: 1-800-445-9714 | http://bit.ly/1DPIkHy




Ebola and Its Control in Liberia,
2014-2015

Tolbert G. Nyenswah, Francis Kateh, Luke Bawo, Moses Massaquoi, Miatta Gbanyan, Mosoka Fallah,
Thomas K. Nagbe, Kollie K. Karsor, C. Sanford Wesseh, Sonpon Sieh, Alex Gasasira, Peter Graaff,
Lisa Hensley, Hans Rosling, Terence Lo, Satish K. Pillai, Neal Gupta, Joel M. Montgomery,

Ray L. Ransom, Desmond Williams, A. Scott Laney, Kim A. Lindblade, Laurence Slutsker,

Jana L. Telfer, Athalia Christie, Frank Mahoney, Kevin M. De Cock

The severe epidemic of Ebola virus disease in Liberia start-
ed in March 2014. On May 9, 2015, the World Health Orga-
nization declared Liberia free of Ebola, 42 days after safe
burial of the last known case-patient. However, another 6
cases occurred during June—July; on September 3, 2015,
the country was again declared free of Ebola. Liberia had
by then reported 10,672 cases of Ebola and 4,808 deaths,
37.0% and 42.6%, respectively, of the 28,103 cases and
11,290 deaths reported from the 3 countries that were
heavily affected at that time. Essential components of the
response included government leadership and sense of
urgency, coordinated international assistance, sound tech-
nical work, flexibility guided by epidemiologic data, trans-
parency and effective communication, and efforts by com-
munities themselves. Priorities after the epidemic include
surveillance in case of resurgence, restoration of health ser-
vices, infection control in healthcare settings, and strength-
ening of basic public health systems.

n Liberia, Ebola virus disease was first reported from

Lofa County on March 30, 2014, a week after cases in
Guinea had been reported (/-3) (Figure 1). Additional
cases in May and June heralded the country’s severe out-
break (4). Events in Liberia drew widespread attention to
Ebola as a threat to global health security (5) including
urbanization of the disease; first-ever infections in expa-
triate health workers (6); international spread to Nigeria,

Author affiliations: Ministry of Health and Social Welfare,
Monrovia, Liberia (T.G. Nyenswah, F. Kateh, L. Bawo,

M. Massaquoi, M. Gbanyan, M. Fallah, T.K. Nagbe, K.K. Karsor,
C.S. Wesseh, S. Sieh, H. Rosling); World Health Organization,
Monrovia (A. Gasasira); United Nations Mission for Emergency
Ebola Response, Monrovia (P. Graaff); National Institutes of
Health, Bethesda, Maryland, USA (L. Hensley); Karolinska
Institute, Stockholm, Sweden (H. Rosling); Centers for Disease
Control and Prevention, Atlanta, Georgia, USA (T. Lo, S.K. Pillai,
N. Gupta, J.M. Montgomery, R.L. Ransom, D. Williams,

A.S. Laney, K.A. Lindblade, L. Slutsker, J.L. Telfer, A. Christie,
F. Mahoney, K.M. De Cock)

DOI: http://dx.doi.org/10.3201/eid2202.151456
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the United States, and Spain with secondary transmission
(7-9); and mathematical model estimates of a future high
case load (10).

On August 4, 2014, the US ambassador to Liberia
declared a disaster; on August 6, the president of Liberia
declared a state of emergency; and on August 8, the World
Health Organization (WHO) called Ebola in West Africa
a public health emergency of international concern (/7).
Ten months later, on May 9, 2015, WHO declared Liberia
free of Ebola virus transmission (/2). However, on June
29, 2015, a postmortem diagnosis of Ebola was made for a
17-year-old boy, and 5 other cases were subsequently con-
firmed, but no further spread was noted. Liberia was again
declared free of Ebola on September 3, 2015 (/3). We de-
scribe the Ebola experience in Liberia and draw conclu-
sions relevant to future responsiveness.

Incident Management System and Coordination of
the International Response, July—September, 2014
The government of Liberia initially set up a diverse Ebola
Task Force, whose large size and organizational challenges
handicapped its effectiveness. In late July 2014, support-
ed by the US Centers for Disease Control and Prevention
(CDC), WHO, and other partners, the Liberia Ministry of
Health and Social Welfare (MOHSW) implemented an In-
cident Management System (IMS) with an incident man-
ager devoted exclusively to Ebola (/4). The IMS ensured
streamlined management, clear authority and accountabil-
ity, structured working groups, and operational follow-up.
In September 2014, the IMS moved into an emergency op-
erations center, a location for coordination and oversight of
all operations. The incident manager had a deputy empow-
ered to deal with logistics and operational issues and, even-
tually, an inner core of advisors (including persons from
WHO, CDC, the US Agency for International Develop-
ment, and the UN Mission for Ebola Emergency Response)
who conferred daily to coordinate activities. International
partners co-chaired IMS technical work groups: case man-
agement, contact tracing, safe burials, surveillance, labora-
tory, and social mobilization (Figure 2). The president of

169
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Figure 1. Locations of Ebola
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Liberia interacted directly with the incident manager. Sep-
arately, the president convened the Presidential Advisory
Committee on Ebola, a small group of senior officials and
international partners who provided advice about sensitive
matters and policy.

Surveillance, Epidemiology, and Laboratory
Diagnosis, July 2014—May 2015

An early priority for directing the response was surveil-
lance. Using WHO case definitions for suspected, prob-
able, and confirmed cases, the 15 counties of Liberia
reported Ebola cases to MOHSW. Reporting modalities

included case investigation forms; mobile phone, text,
and email messages; reports from Ebola Treatment Units
(ETUs); laboratory results; and reports from burial teams,
case investigators, and contact tracers. Timely reconcili-
ation of data from multiple sources proved challenging.
Constraints included shortage of trained staff, lack of
communication and information technology, poor internet
and mobile phone coverage, and lack of transport from
remote locations.

Choice of data management platforms proved difficult.
Initially, case data were entered into an application based
on Epi Info version 7, developed by CDC for hemorrhagic

170 Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 22, No. 2, February 2016
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fever outbreaks (https://epiinfovhf.codeplex.com). How-
ever, in the face of a widespread epidemic, this soft-
ware had limitations. In mid-December 2014, MOHSW
changed to District Health Information Software 2 (https://
www.dhis2.org/), an open-source software platform en-
abling web-based data entry. Contact tracing generally
depended on paper and Excel (Microsoft, Redmond, WA,
USA) spreadsheets maintained at the county level. At
the national level, daily situation reports were compiled
manually from aggregate data received from the counties.
Although these reports were instrumental in guiding the
response, they were incomplete, contained duplicates, and
could not be analyzed in real time. Reconciliation of all
available data is ongoing.

In July 2014, only 1 laboratory, at the Liberia Institute
for Biomedical Research outside Monrovia, was able to
conduct Ebola testing, with support from the US National
Institutes of Health and the US Army Medical Research
Institute of Infectious Diseases (J). International partners,
including the US military, established a temporary labora-
tory network to provide Ebola test results within 24 hours
to anywhere in the country. By December 2014, real-time
reverse transcription PCR testing for Ebola genomic RNA
was available at 10 laboratories nationwide. Throughout
the outbreak, adequate staffing and rapid transport for
specimens, such as by helicopter from remote areas, re-
mained challenging.

Patient Isolation, Case Management, and
Epidemic Trends, July—-November 2014

The IMS emphasized 4 pillars for interrupting Ebola trans-
mission: 1) early detection, isolation, and treatment of
cases; 2) safe transport of patients with suspected cases; 3)
safe burial; and 4) infection prevention and control (IPC)
in healthcare settings. Isolating persons with Ebola was an
immediate, overriding objective. Initially, contact tracing
was difficult because of the large number of cases and the
urgent need to isolate patients and dispose of cadavers.

By mid-July 2014, only 2 ETUs (20 beds each) were
operational, in Foya (Lofa County) and Monrovia (Mont-
serrado County). The principal organizations working
with MOHSW to provide care for Ebola patients were
Médecins Sans Frontiéres (MSF) and Samaritan’s Purse,
but Samaritan’s Purse withdrew after several of their staff
members became infected with Ebola virus (6). By the end
of July 2014, the country faced a crisis as the ETUs were
filled beyond capacity and Ebola patients were turned
away, often dying on hospital grounds, in city streets, or
in their homes. In mid-August 2014, MSF opened a tented
120-bed ETU in Monrovia, the largest ever built, with ca-
pacity to expand to 400 beds (/5). The rapid increase in
Ebola cases (9), extension of the epidemic to all counties,
and projections from mathematical modeling (/0) led the
IMS to envision ETUs nationwide. Although a total of
27 ETUs with >2,000 beds were planned, ultimately, 25

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 22, No. 2, February 2016 171
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were built, of which 3 never opened and many remained
underutilized as the epidemic waned.

In early August 2014, intense discussions occurred
with MOHSW about the level of care that limited staff
could safely provide. Partners including MSF, CDC, and
Samaritan’s Purse concluded that care should be simplified
and that often only oral instead of intravenous rehydration
could be safely provided (MSF and CDC, unpub. data; [5]).
Partners also considered management in the community if
patients were unwilling or unable to be evacuated. Lower
level community care centers (CCCs) were developed to
meet the urgent need for local isolation facilities before suf-
ficient ETUs were constructed (/5,16). However, capacity
to build CCCs was also limited and impeded by concern
for inferior care or safety. Although >80 CCCs were envis-
aged, <10 became operational.

The number of available ETU beds initially lagged
behind need, but by late September 2014, bed capacities
exceeded new cases (Figure 3) (/7). In retrospect, dif-
ferent data sources suggest that the incidence of disease
that had started to increase exponentially in June peaked
in early October 2014 and that during July—August, the

epicenter shifted from Lofa County to Montserrado Coun-
ty (5,18). By November 2014, the epidemic was charac-
terized by low numbers of cases overall, about half in
Monrovia and the rest in small clusters in remote loca-
tions across the country, frequently initiated by infected
travelers from the capital (/9,20). Lower case counts and
increased staff facilitated data reconciliation. Manual
matching of laboratory results with ETU and burial data
became logistically feasible. Although incomplete, veri-
fied laboratory data proved the most useful indicator of
epidemic trends (Figure 4). Data from ETUs, although not
capturing all cases, provided descriptive characteristics of
persons with Ebola.

Management of Cadavers, July-December 2014

The International Federation of Red Cross and Red Cres-
cent Societies and the nongovernmental organization
Global Communities led safe collection and disposal of
cadavers, a culturally sensitive issue. Starting in September
2014, initial efforts in Lofa and Montserrado Counties were
expanded nationwide. Ebola testing of postmortem blood
or oral swab samples enabled detection of unrecognized
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Figure 3. Trends over time for suspected, probable, and confirmed cases of Ebola virus disease from situation reports (sitreps); for
confirmed cases from laboratory reports (lab); and for numbers of Ebola treatment unit beds, Liberia 2014—-2015. Ebola treatment unit
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Figure 4. Epidemic curve for laboratory-confirmed cases of Ebola
virus disease, Liberia, April 2014—May 2015. Confirmed cases
were based on laboratory data per 21-day moving average.

Ebola cases and assessment of excess deaths resulting from
Ebola (27). In Monrovia, swampy topography and heavy
rains in early August 2014 led to resurfacing of recently
buried bodies, causing public outrage. The president of Li-
beria decreed mandatory cremation, a taboo that was ac-
cepted reluctantly and incompletely. The decree was lifted
in late December 2014 when a public cemetery was opened
outside the capital.

Ebola virus—positive cadavers in Montserrado County
peaked at 380 during the week of September 15, 2014 (22).
From October to December, the estimated proportion of Eb-
ola virus—positive cadavers in Montserrado County declined
from 35% to 5%. However, the proportion of all bodies
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collected by burial teams was estimated at <50%, even lower
outside of Montserrado County. An algorithm to use cadaver
swab sample results to guide contact tracing was extensively
discussed but incompletely adopted (Figure 5).

Ebola in Healthcare Workers and IPC,
July 2014-May 2015
Early investigations demonstrated greatly increased risk for
Ebola among healthcare workers (5,23), who accounted for
97 (12%) of 810 cases reported by mid-August 2014 (23).
The greatest proportions of cases were in nurses and nurse
aides (34/97; 35%) and physicians and physician assistants
(17/97; 18%) (23). Most healthcare worker infections were
acquired outside ETUs. During July—August 2014, a total
of 11 clusters of Ebola involving healthcare workers were
investigated; only 1 was in persons working in an ETU
(23), but even for those in that cluster, exposure in the adja-
cent hospital was considered probable (6). Early estimates
were that only #25% of Ebola patients received treatment in
ETUs (23), and the overall proportion of healthcare work-
er infections thought to have been acquired in ETUs was
only 2.4%; the rest were acquired in general hospitals or
clinics, including informal venues (MOHSW, unpub. data
through December 9, 2014) (Figure 6). Over the course
of the epidemic in Liberia, 378 healthcare workers had
confirmed cases of Ebola and 192 died (case-fatality rate
50.8%). These numbers represent 12.0% (378/3,157) of all
confirmed cases and 4.0% (192/4,808) of all Ebola deaths.
Weak IPC rendered all 657 healthcare facilities in Li-
beria vulnerable (5). Most facilities where Ebola transmis-
sion occurred subsequently closed down. A national IPC

Figure 5. Proposed algorithm
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task force was established, and an IPC strategy was devel-
oped to guide MOHSW, assess facilities and their needs,
provide standardized training (Keep Safe, Keep Serving),
and conduct investigations. Of the 79 healthcare facili-
ties surveyed before the end of 2014, an estimated 57%
lacked protocols for triage and isolation of persons sus-
pected to have Ebola; 43% did not have access to gloves,
face shields, or gowns; and 24% lacked running water
(MOHSW, unpub. data). IPC committees in healthcare fa-
cilities were universally lacking.

By the end of 2014, >4,000 healthcare workers from
350 facilities had received training in basic IPC. A cadre of
physicians were trained to serve as technical advisors in the
counties. IPC focal points for major hospitals were select-
ed and trained; surveillance and investigative capacity for
Ebola in healthcare workers was developed; and personal
protective equipment was delivered to major facilities na-
tionwide (gloves and bleach were made as widely available
as possible).

The value of surveillance among healthcare staff was
highlighted by a single transmission chain in early 2015,
in which 166 non-ETU healthcare workers at 10 facilities
were exposed to the virus; remarkably, only 1 healthcare
worker became infected (24). An innovative intervention
in response to this cluster was the ring IPC strategy, which
provided intensified IPC training and support to healthcare
facilities around areas of active transmission (25). Despite
impressive accomplishments during the epidemic, enor-
mous challenges and deficiencies remain.

Social Mobilization and Public Communication,
August 2014—March 2015

MOHSW led comprehensive social mobilization to educate
the public on the signs and symptoms of Ebola and provide
essential health protection information. Because Ebola was
new to Liberia, the first communication strategy comprised
messages to counter disbelief (e.g., Ebola is Real). As fear of
Ebola and stigma increased, hiding illness became common,
prompting messages to encourage help-seeking behavior.

Liberia has a strong tradition of oral communication;
therefore, thousands of general community health volunteers
were trained to share health messages locally. In October 2014,
traditional leaders convened and resolved to support govern-
ment interventions, opening another trusted channel of health
information. During November 2014, traditional and commu-
nity leaders supported training in all of Liberia’s 88 districts.
Novel methods were instituted, such as providing traditional
chiefs with mobile phones to report suspected cases.

By December 2014, when cases were fewer and re-
sponse capacity was more robust, a national campaign to
reduce Ebola incidence to zero was declared. The evidence-
based “Ebola Must Go!” campaign defined 5 essentials
in commonly used language: safe burial, rapid isolation
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Figure 6. Trends for reported Ebola virus infections among 202
healthcare workers, by status and month, Liberia, March 2014—
May 2015. Data source: daily aggregate reports of new cases in
healthcare workers in Liberia and Liberia Ministry of Health and
Social Welfare situation reports.
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of suspected cases, provision of treatment, identification
and 21-day monitoring of contacts, and encouragement to
speak out against concealment of illness.

Getting to Zero in a Declining Epidemic,
Mid-November 2014—May 2015

Starting in mid-November 2014, several events heralded
the waning of the epidemic in Liberia. About half of Ebola
cases were now part of discrete rural outbreaks often af-
fecting villages so remote that even motorcycles could not
reach them. Helicopter airlift was limited by restricted US
military air deployments and delays in commercial con-
tracts. Epidemiologic field teams faced harsh living condi-
tions and challenging logistics, often having to walk long
distances to and from settlements.

The IMS promoted the Rapid Isolation and Treatment
of Ebola (RITE) strategy, which empowered county au-
thorities, with support from partners, to respond quickly to
remote hot spots (22,23). Essentials were engagement of
community leaders, community education, active case find-
ing and contact tracing, quarantine of high-risk contacts,
isolation and care for patients, and safe burials. Voluntary
quarantine and ad hoc rudimentary clinical facilities were
used as needed; emphasis was placed on moving suspected
case-patients and contacts from remote locations closer to
ETUs. In Bong County, tents were erected in a football sta-
dium to shelter and feed >40 contacts during their 21-day
monitoring period.

Of 15 remote outbreaks in 2014, detailed analyses were
conducted for 12 (in 9 counties) (20), of which 9 gave in-
sight into transmission dynamics (26). After implementa-
tion of the RITE strategy, clusters were recognized earlier,
greater proportions of patients were isolated and diagnoses
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laboratory confirmed, transmission chains became fewer, du-
rations of outbreaks shortened, and case-fatality proportions
declined (20,26). The 0-27 secondary cases before RITE de-
clined to 0—4, and the number of secondary cases generated
by 1 primary case (basic reproduction number) decreased
by 94% (26).

Application of fundamental principles—suspect case
isolation, rapid diagnosis, and contact tracing—yielded
results but required different tactical approaches in var-
ied settings. Ebola had become less widespread, enabling
recognition of individual transmission chains in a way not
possible earlier. By December 2014, <10 cases were being
reported daily, and focus turned to case investigation and
contact tracing around laboratory-confirmed cases. In De-
cember 2014, Montserrado County set up its own IMS. A
sector approach was introduced to decentralize activities in
Monrovia, dividing the city into 4 sectors in which partners
supported an integrated response for smaller populations.

Considerable resources were invested in containing the
last known transmission chains. The Saint Paul’s Bridge
cluster (22 cases in Monrovia, 15 fatal) was characterized
by 3 generations of transmission and challenging social
circumstances including resistance, poverty, urban gangs,
substance abuse, and extensive exposures in healthcare set-
tings. The last patient in the cluster was isolated on February
18, 2015, and discharged with negative Ebola test results in
early March.

Liberia was ready to be declared free of Ebola when
on March 20, 2015, an Ebola diagnosis was confirmed for
a 44-year-old woman in Monrovia, who died 1 week later
(27). Her most likely exposure was through sexual inter-
course with an Ebola survivor whose illness had occurred
>5 months earlier. His semen was positive by PCR for Ebola
virus 199 days after onset of his illness, and Ebola genomic
material from both partners shared common mutations (27).
This patient represented the last Ebola case in the second
phase of the Liberia epidemic (/2). On June 29, 2015, a third
epidemic phase began with 6 cases in Margibi and Montser-
rado Counties without further spread; the origin of infection
in the index case-patient was uncertain. Liberia was again
declared free of Ebola on September 3, 2015 (13).

Essentials in Containing Ebola,

July 2014-September 2015

No single factor explains Liberia’s control of Ebola, and at
least 6 issues deserve mention: 1) government leadership and
sense of urgency, 2) coordinated international assistance, 3)
sound technical work, 4) flexibility guided by epidemiologic
data, 5) transparency and communication, and 6) efforts by
communities themselves. Instituting the IMS in July 2014
(14) was critical for accountability and coordination of mul-
tiple partners. The government was always in charge but re-
ceptive to external advice channeled through the IMS. The
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declaration of a state of emergency in August 2014 signaled
the gravity of the situation, as did the subsequent closure of
land borders with neighboring Sierra Leone and Guinea. En-
try and exit screening at airports started in late July 2014, and
domestic movement of ill persons was restricted (28).

Technical interventions included the early increase
in ETU beds in Montserrado County and implementation
of burial teams. In Monrovia, isolation of large numbers
of patients in late September 2014 and prompt removal
of infectious cadavers from the community preceded the
documented decrease in cases in the county. Flexibility
in response to the changing epidemic was illustrated by
the shift in focus from ETUs to CCCs and then to imple-
mentation of the RITE strategy, establishment of an IMS
for Montserrado County, development of the ring IPC ap-
proach, and prioritization of laboratory-confirmed data
for guiding interventions.

Community engagement resulted in remarkable
beha