
SUPPLEMENTAL INFORMATION

S1 MODEL

We developed a continuous-time, stochastic compartmental
model that takes into account Ebola transmission within and
between the community, hospitals, and funerals (Figure 1).
We tracked the number of people susceptible (S), latently
infected but not yet infectious (E), infectious people (J and
I), deceased victims who may transmit the disease during
funerals (F), deceased victims who are buried (D), and
recovered people with immunity (R). The J compartments
ensure that the duration of infection for hospitalized Ebola
victims is the same whether they were initially in the general
community or were hospital patients. To distinguish different
types of exposure to Ebola, we divided the susceptible popu-
lation into four separate groups: the general community (sub-
script G), hospital patients (subscript H), health-care workers
(subscript W), and people attending funerals (subscript F).
Figure 1 shows the per-capita transition hazards for each

transition; see Supplemental Table 1 for parameter defini-
tions and values. The forces of infection are as follows:

λG ¼ βI
IG þ IW
NG þNW

λF ¼ βI
FG þUhf FH þ FWð Þ

FT þ NT

eγF

λH ¼ βI
JH þ JW þ IH þ IW

NH þNW

λW ¼ βW
JH þ JW þ IH þ IW

NH þNW

ðS1Þ

where ω is the relative risk of infection at funeral with respect
to general community transmission and Uhf is a switch parame-
ter that allows for hygienic burial of Ebola victims in hospital.
The transition rate to funerals is

fGF ¼ NT

e
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� �
M F

NG � SF
;

ðS2Þ

which accounts for non-Ebola funerals (NT/e) and Ebola
funerals.
The total number of Ebola funerals is FT = FG + FH + FW,

the number of people in the general population is NG = SG +
SF + EG + IG + RG + V, the number of people in hospitals is
NH = SH + EH + JH + IH + RH, the number of health care
workers is NW = SW + EW + JW + IW + RW, and the total
number of people is NT = NG + NH + NW. All other per-
capita transition rates are constant with respect to the number
of people in each compartment. The following are composites
of the basic model parameters:

γFG ¼ δG 1� θð ÞγDG

γRG ¼ 1� δGð Þ 1� θð ÞγRG

γFH ¼ δHγDH

γRH ¼ 1� δHð ÞγRH

ðS3Þ

Thus, susceptible people (S) who become infected move
into latent compartments (E). After the incubation period,

latently infected people (E) move to either the infectious
compartments (IG, JH, and JW). Infectious people in the gen-
eral community can be hospitalized, moving into (IH). People
who are hospitalized when they become symptomatic (JH, JW)
move into the second infectious class (IH, IW) at the same
rate to ensure that people who became infected in the gen-
eral community and are later hospitalized have the same
total duration of infection as those who became infected at
the hospital. Infectious people either recover with immunity
(R) or die. If patients die, they are buried in a funeral cere-
mony (F) from which funeral attendees may be infected. After
the funeral, the deceased Ebola victim is buried (D) and no
longer contributes to transmission.
Susceptible people from the general community (SG) who

were hospitalized (SH) in the beginning of epidemic for reasons
other than Ebola (e.g., childbirth) may leave the hospital and
return to the general community (SG) without contracting Ebola
in the hospital. However, if they contract Ebola in the hospital,
they remain in the hospital (JH). A proportion θ of people
who acquire infection in the general community (IF) are then
hospitalized (IH). Similarly, an individual from the community
(SG) can attend a funeral (SF) and then return to the general
community as susceptible (SG) or latently infected (EG).
The model incorporated stochasticity such that the number

of individuals that move from one epidemiological or loca-
tion class to another was sampled from a Poisson distribution,
the rate of which was determined by the current number of
people in each class over time. This stochasticity allowed the
model to capture uncertainty in the number of new cases that
arises in part from stochastic fluctuations because the outbreak
is both relatively small and comprises multiple spatial chains
of cases that accrue to comprise the full epidemic trajectory.
The stochastic model was simulation by Gillespie’s tau-

leap method,10 with a time step of 1 day. The initial condi-
tions for each simulation (at t = 0, June 9, 2014) were IG(0),
SW(0) and NT(0) as shown in Supplemental Table 1, SH(0) =
5SW(0), SF(0) = 0, SG(0) = NT(0) − SH(0) − SW(0) and all
other compartments 0.
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SUPPLEMENTAL TABLE 1
Model parameters

Definition Value Reference

NT(0) Population of Liberia 4,090,000 1

Population of Montserrado 1,180,000 2

Population of Bong 333,481 2

Population of Grand Cape Mount 127,076 2

Population of Margibi 209,923 2

Population of Grand Bassa 221,693 2

Population of Lofa 276,863 2

SW(0) Health care workers 0.00028 NT(0)
3*

e Life expectancy 62 years 4

1/α Incubation period 9.5 days 5

1/γDG Duration from symptom onset to death 7.9 days 5

1/γRG Duration from symptom onset to recovery 9 days 6

1/γH Duration between symptom onset and hospitalization 4.9 days 5

1/γDH Duration from hospitalization to death 1/γDG − 1/γH
1/γRH Duration from hospitalization to recovery 1/γRG − 1/γH
1/γF Duration from death to burial 2 days 7

δ Case-fatality risk 72% 5

δG Case-fatality coefficient for general community
δγRG

ðδγRG þ ð1� δÞγDGÞ
†

δH Case-fatality coefficient for hospitalized patients
δγRH

ðδγRH þ ð1� δÞγDHÞ
†

1/fFG Duration of funeral ceremonies 1/γF
h Per-capita hospitalization rate for non-Ebola reasons 62,131/NT(0)/year

8

1/fHG Duration of non-Ebola hospital stay 7 days 8

MF Number of close contacts at funeral 4 9

βI Transmission parameter for the general community and hospital patients Table 1 ‡
βW Transmission parameter for health-care workers Table 1 ‡
θ Proportion of infectious cases hospitalized Table 1 ‡
ω Relative risk of funeral transmission compared with transmission in the general community Table 1 ‡
IG(0) Number of cases on June 9, 2014 Table 1 ‡

*Includes physicians, nurses, and midwives.
†Computed so that overall case-fatality risk is δ.
‡Estimated by calibration of data.



SUPPLEMENTAL TABLE 2
Key intervention events arranged by implementation before September 20, 2014

Event Approximate date of initiation Classification Counties affected Source(s)

No touch policy July 2014 Behavioral Nationwide 11

Schools closed July 30, 2014 Behavioral Nationwide 12

West Point quarantine August 19, 2014 Behavioral Montserrado 13

9 PM curfew in effect August 19, 2014 Behavioral Nationwide 14

“Ebola Rap” rap song by Charles Yegba August 19, 2014 Awareness Nationwide 15

CDC’s Frieden met with Ellen Johnson
Sirleaf and endorsed the no touch policy

August 25, 2014 Awareness Nationwide 16

“Ebola is Real” rap song by FA
Soulfresh and Den G

August 26, 2014 Awareness Nationwide 17

About 100 animators and communicators
deployed by UNICEF to educate
at household level

August 27, 2014 Awareness Montserrado, Lofa 18

Mobile laboratory at ELWA-3 operational September 4, 2014 Health care Montserrado 19

“Core group” of social mobilization
finalized posters on Ebola signs,
symptoms, and prevention

September 5, 2014 Awareness Nationwide 19

UNICEF hygiene promotion September 5, 2014 Awareness Montserrado, Gbarpolu,
Grand Cape Mount, Nimba,
Grand Gedeh, River Gee,
Maryland, Grand Kru

19

MSF increases hospital capacity
in Monrovia by 40 beds

September 5, 2014 Health care Montserrado 20

Training began for county health
teams in infection control

September 10, 2014 Health care Nationwide 21

IMC opened ETU September 12, 2014 Health care Bong 22

“Wash Away Ebola” strategy announced September 12, 2014 Awareness Nationwide 21

UNICEF WASH efforts in West Point
including significant donation of soap,
aquatab tablets, and plastic buckets

September 12, 2014 Behavioral Montserrado 19

Bong opened ETU September 18, 2014 Health care Bong 20

Renovation of Ganta Hospital September 18, 2014 Health care Nimba 23

Safe burial trainings September 18, 2014 Behavioral Montserrado 20

Significant door-to-door social
mobilization efforts

September 19, 2014 Awareness Nationwide 20

CHESS Ebola sensitization campaign September 19, 2014 Awareness Nimba 24

European Union mobile laboratory
team operational

September 19, 2014 Health care Lofa 20

CDC = Centers for Disease Control and Prevention; CHESS = Community Health Education and Social Services; ETU = Ebola treatment unit; IMC = International Medical Corps; MSF =
Médecins Sans Frontières; UNICEF = the United Nations Children’s Fund.

SUPPLEMENTAL TABLE 3
Key intervention events arranged by implementation between September 20 and October 4, 2014

Event Approximate date of initiation Classification Counties affected Source(s)

Distribution of motorbikes for contact tracing September 21, 2014 Awareness Nimba 24

42 members of Ebola response team trained and equipped September 22, 2014 Health care Sinoe 24

21 cases of EVD were transferred to the Island clinic ETU September 22, 2014 Health care Margibi 24

Radio voice allotted 1 hour daily for Ebola updates September 23, 2014 Awareness Grand Kru 24

Liberia’s chief medical officer opted for 21-day self-quarantine September 25, 2014 Awareness Nationwide 25

UNICEF’s first shipment of 50,000 protection kits September 25, 2014 Health care Montserrado 26

The Health Promotion Division conducted a training
on social mobilization activities

September 26, 2014 Awareness Montserrado 24

Community health-care workers and
leaders trained by MoHSW

September 26, 2014 Health care Sinoe 24

gCHVs trained on Ebola awareness September 27, 2014 Awareness Grand Kru 24

Previously hostile youth
cooperating with Ebola task force

September 9, 2014 Awareness Sinoe 24

New referral unit opened October 1, 2014 Health care Sinoe 20

Press about the story of eight Liberian
soldiers who contracted and died of EVD at barracks

October 3, 2014 Awareness Nationwide 27

EVD = Ebola virus disease; ETU = Ebola treatment unit; gCHVs = general community health volunteers; MoHSW = Ministry of Health and Social Welfare; UNICEF = the United Nations
Children’s Fund.



SUPPLEMENTAL TABLE 4
Key intervention events arranged by implementation between October 4 and December 4, 2014

Event Approximate date of initiation Classification Counties affected Source(s)

U.S. Navy mobile laboratories opened December 5, 2014 Health care Bong, Montserrado 20

Ebola-related radio broadcasts on 50 stations December 5, 2014 Awareness Nationwide 28

Establishment of Ebola task force December 8, 2014 Awareness Nationwide 20

Training of additional dead-body-management
teams by the Liberian Red Cross

December 8, 2014 Behavioral Montserrado 20

CCC opened December 15, 2014 Health care Bong, Montserrado 20

Liberia National Nurses Association completed training December 28, 2014 Health care River Cess 24

Opening of 200-bed ETU at the Ministry of Defense site December 31, 2014 Health care Montserrado 29

Liberian National Crusaders for Peace conducted training November 4, 2014 Awareness Nimba 24

Ebola task force received an ambulance from
Global Communities

November 6, 2014 Health care River Cess 24

WHO safe and dignified burial protocol November 7, 2014 Behavioral Nationwide 20

Africare trained 30 gCHVs on contact tracing November 18, 2014 Awareness Nimba 24

First U.S.-funded ETU opened in in Tubmanburg November 10, 2014 Health care Montserrado 30

Only 2% of planned beds in CCCs are operational November 19, 2014 Health care Nationwide 20

CCC = community care center; ETU = Ebola treatment unit; gCHVs = general community health volunteers; WHO = World Health Organization.


