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The re-emergence of the viral aetiological agent of SARS
in China at the end of 2003 (Paterson 2004), following
the epidemic earlier in the vear affecting many countries,
rang alarm bells in the WHO and elsewhere. Thankfully,
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The NEW ENGLAND JOURNAL of MEDICIN

ORIGINAL ARTICLE

Ebola Virus Disease in West Africa —
The First 9 Months of the Epidemic

and Forward Projections

WHO Ebola Response Team*

ABSTRACT

BACKGROUND

On March 23, 2014, the World Health Organization (WHO) was notified of an out
break of Ebola virus disease (EVD) in Guinea. On August 8, the WHO declared the
epidemic to be a “public health emergency of international concern.”

METHODS

By September 14, 2014, a total of 4507 probable and confirmed cases, including
2296 deaths from EVD (Zaire species) had been reported from five countries ir
West Africa — Guinea, Liberia, Nigeria, Senegal, and Sierra Leone. We analyzed :
detailed subset of data on 3343 confirmed and 667 probable Ebola cases collectec
in Guinea, Liberia, Nigeria, and Sierra Leone as of September 14.
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devastation earlier in 2003. A clear priority is further sur-
veillance of animals in settings where the human virus
spread extensively so as to better understand the origins of
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The simple SIR epidemic model
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Projects throughout CDC

Pertussis Explaining the recent
upsurge in cases in 7-10 yos and rise
in overall cases

Ebola 2014-2015 West African
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With pertussis at its highest level nationally in a half-century, the Philadelphia region has been
weathering a spike that in some places is more than triple the previous record set two years ago.

"We're sort of way off the scale this year,” said Stephen Ostroff, Pennsylvania's acting physician
general. "It really started picking up in the summer, and once kids got back to school, the [pertussis]
was already there.”

Cases of pertussis, also known as whooping cough, often decline in late fall into early winter. In
Philadelphia, which recorded 50 cases for August - more typical of an entire year - infections
plummeted last month. But there has been no major decrease statewide, Ostroff said.

Story continues below.
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Questions from |leadership

s the effectiveness and duration of protection of the
new vaccine different to the old?
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Table 1. Descriptions of the nested models that were fitted to the NNDSS incidence data.

Model Description
1 Protection duration of whole cell vaccine same as natural infection; acellular vaccine
same as whole-cell

Protection duration of whole cell vaccine same as natural infection; different efficacy for
acellular vaccing

Protection duration of whole cell vaccine same as natural infection; different protection
duration for acellular vaccine;

Protection duration of whole cell vaccine different from natural infection; acellular vaccine
same as whole-cell

Protection duration of whole cell vaccine same as natural infection; protection duration
and efficacy different for acellular vaccine

Whole cell vaccine protection duration different from natural infection; different efficacy for
acellular vaccine

Whaole cell vaccine protection duration different from natural infection; different protection -9230
et TOT acelular vaccine

Whale cell vaccine protection duration different from natural infection; protection duration
and efficacy different for acellular vaccine

The mean posterior values of the Deviance Information Criterion (DIC) of the models are given in the

rightmost column.
doi: 10,137 1fjournal pebi. 1004138 1001

Gambhir M, Clark TA, Cauchemez S, Tartof SY, Swerdlow DL, et al. (2015) A Change in Vaccine Efficacy and Duration of Protection
Explains Recent Rises in Pertussis Incidence in the United States. PLoS Comput Biol 11(4): €1004138.
doi:10.1371/journal.pcbi.1004138

http://journals.plos.org/ploscompbiol/article?id=info:d0i/10.1371/journal.pcbi.1004138e .= @ PLOS COMPUTATIONAL
@ 4 BIOLOGY
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Projecting forward in time
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Major Ebola Outbreaks
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CDC Emergency Response
Activation Levels

Level 1

The highest level of response reserved for critical emergencies.
CDC asslgns the largest number of staff possible to work 24/7 on
the response. To date, there have been three Level 1 responses:
Ebola outbreak (2014), HIN1 influenza outbreak (2009)

and Hurricane Katrina (2005),

Level

The CDC experts In the particular dis
with a large number of other staff

A large number of staff from CDC's E
Center may assist with the response,

Level 3

The CDC experts In the particular disease lead the response
with some of their own staff. Some staff from CDC's Emergency
Operations Center may assist in the response, CDC decides
when a different level of response Is needed.

a5 1.5, Department of
CIKE'IOWMHHH 1| Health and Human Servi
When public emergencies occur, CDCs Emergency Operations Center (EOC) | 4 D C:ner;l‘u ms:: S
manages the response. The EOC has thiee levels of response. "~ Contral and Prevention
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CDC Emergency Response
Activation Levels

Level 1

The highest level of response reserved for critical emergencies.
CDC assigns the largest number of staff possible to work 24/7 on
the response. To date, there have been three Level 1 responses:
Ebola outbreak (2014), HIN1 influenza outbreak (2009)

and Hurricane Katrina (2005).







CDC leaders integral to the Ebola response, including epidemiologists, laboratorians, logistics, and more, assemble in agency’s
command center to discuss next steps in directing the response at CDC Emergency Operations Center in Atlanta, August 8.
Spencer Lowell for TIME magazine




Questions from |leadership

How many cases might there be?

When will the epidemic end?

What will it take to end the epidemic?
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Understanding the dynamics of Ebola epidemics

JLEGRAND® RF.GRAIS,P.Y.BOELLE A.J. VALLERON anD A. FLAHAULT

INSERA f. ['MR-5 707, Pariz, France, and Université Pierre et Mare Curie-Pari 6, UM R-5 707, Paris, Fronce

(Accepted 14 July 2006 firsi published online 28 September 2NNE)

SUMMARY

Ebola is a highly lethal virus, which has caused at least 14 confirmed outbreaks in Afrnica between
1976 and 2006, Using dats from (wo epidemics [in Democratic Republic of Congo (DRC) in 1995
ard in Ueganda in AW, we built 8 mathematical model for the spread of Ebola haemorrhagic
fever epidemics taking into account ransmission in different epidemiological settings. We
estimated the basic reproduction number {F) o be 227 (95% CI 1-9-2-8) for the 19935 epidetmc
in DRC, and 2-7 (95% CI 2-5-4-1) for the 2000 epidemic in Upanda. For each epidemic, we
quaniified rransmission in different settings (illness in the communmty, hospitalization, and
traditional bunal) and simulated vanous epidemic scenarios to explore the impact of control
interventions on a potential emdemic. A key parameter was the rapid mstitutbion of control
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Centers for Disease Control and Prevention

MMWR Morbidity and Mortality Weekly Report

Supplement/Vol. 63 / No. 3 September 26, 2014

Estimating the Future Number of Cases
in the Ebola Epidemic —
Liberia and Sierra Leone, 2014-2015

U.S. Department of Haalth and Human Services
Centers for Disease Control and Prevention
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Ebola estimate

Without intervention, the total number of Ebola
cases in the West Alrican countries of Liberia and
Sierra Leone could top 1 million by January.

1.2 — CUMULATIVE CASES, IN MILLIONS
iLiberia, Sierra Leone)
mm Without internvention
With proper intervention
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to treatment centers)
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CDC’s overblown estimate of Ebola outbreak draws
criticism

Originally published August 1, 2015 at 2:24 pm | Updated Augus
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Martin Meltzer, standing in the Emergency Operations Center at the Centers for Disease
AP

Control and Prevention in Atlanta, is a disease modeler for the agency. (David Goldman/AP)
Disease modelers use math to try to provide a more precise picture of a certain situation or to predict
how the situation will change, and have become critical in the world of infectious diseases. But the
accuracy — or inaccuracy — of such models is increasingly a talking point.







Questions from |leadership

Where should ETUs be constructed next?

Which neighboring countries are at the highest risk?
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Questions from |leadership

What’s a viable vaccine trial design during the outbreak?




Stepped wedge study design - 18 week phase-in of vaccination

Follow-Up Weeks

P
'

5 6 F | 8 9 (10 ) 11|12 |13 | 14 | 15 17

7

77
7
i
7/
i
k)
k%
v 7 Y OV

7 7 ?V//// 7
Y 7 ) 7/
i D000 7 7

N N N
LI T T

type of person-time proportions Bolded square highlights follow-up time usable for efficacy analyses, excluding 21 day

unvaccinated 0.50 sero-conversion time. Usable follow-up weeks contain both unvaccinated and vaccinated

vaccinated, seroconverting n/a cohort time.

vaccinated, seroconvered ////// //f/// 0.50

Example Vaccination Groups: (1) facility HCW such as doctors, nurses, phlebotomists (2) facility support such as cooking and food delivery, housekeeping,
sanitation (3) ambulance teams (4) burial teams. Each of 3 shifts is a treated as a different Vaccination Group. Vaccination Groups and shifts are distributed

evenly across Vaccination Weeks, with a vaccination weeks assigned at random.




Specific questions

Will an e.g. Cox Proportional Hazards approach be able to
account for:

-Declining background disease risk
-Clustering of disease risk
-Healthy vaccinee effect




Example simulation
(single model run):

Nelson-Aalen cumulative hazard estimates

Unvaccinated: 43 cases
0.81 cases/person-month

Vaccinated: 27 cases
0.51 cases/person-month

10
Siedy week

Hazard ratio:
0.55 (0.32-0.96)
Vaccine Efficacy:
45% (4% -68%)

No cases included until first Longer lag to accrue
vaccinee reaches end of vaccinated cases
seroconversion period




No bias: Predicted VE
1000 runs at each VE input (range 50% to 90%)

o
o
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Statistical power and validity of Ebola vaccine trials in
Sierra Leone: a simulation study of trial design and analysis

Steven E Bellan, juliet R C Pulliam, Car! A B Pearson, David Champredon, Spencer) Fox, Laura Skrip, Alison P Galvani, Manoj Gambhir,
Ben ALopman, Travis C Porco, Lauren Ancel Meyers, Jonathan Dushoff

Summary

Background Safe and effective vaccines could help to end the ongoing Ebola virus disease epidemic in parts of west
Africa, and mitigate future outbreaks of the virus. We assess the statistical validity and power of randomised controlled
trial (RCT) and stepped-wedge cluster trial (SWCT) designs in Sierra Leone, where the incidence of Ebola virus
disease is spatiotemporally heterogeneous, and is decreasing rapidly.

Methods We projected district-level Ebola virus disease incidence for the next 6 months, using a stochastic model
fitted to data from Sierra Leone. We then simulated RCT and SWCT designs in trial populations comprising
geographically distinct clusters at high risk, taking into account realistic logistical constraints, and both individual-
level and cluster-level variations in risk. We assessed false-positive rates and power for parametric and non-parametric
analyses of simulated trial data, across a range of vaccine efficacies and trial start dates.

Findings For an SWCT, regional variation in Ebola virus disease incidence trends produced increased false-positive rates
(up to 0-15 at e=0-05) under standard statistical models, but not when analysed by a permutation test, whereas analyses
of RCTs remained statistically valid under all models. With the assumption of a 6-month trial starting on Feb 18, 2015,
we estimate the power to detect a 90% effective vaccine to be between 49% and 89% for an RCT, and between 6% and
26% for an SWCT, depending on the Ebola virus disease incidence within the trial population. We estimate that a
1-month delay in trial initiation will reduce the power of the RCT by 20% and that of the SWCT by 49%.

Interpretation Spatiotemporal variation in infection risk undermines the statistical power ot the SWCT. This variation
also undercuts the SWCT's expected ethical advantages over the RCT, because an RCT, but not an SWCT, can prioritise
vaccination of high-risk clusters.
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The work of other groups




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Ebola Virus Disease in West Africa —
The First 9 Months of the Epidemic
and Forward Projections

WHO Ebola Response Team*

ABSTRACT

BACKGROUND
On March 23, 2014, the World Health Organization (WHO) was notified of an out-
break of Ebola virus disease (EVD) in Guinea. On August 8, the WHO declared the
epidemic to be a “public health emergency of international concern.”

METHODS
By September 14, 2014, a total of 4507 probable and confirmed cases, including
2296 deaths from EVD (Zaire species) had been reported from five countries in
West Africa — Guinea, Liberia, Nigeria, Senegal, and Sierra Leone. We analyzed a
detailed subset of data on 3343 confirmed and 667 probable Ebola cases collected
in Guinea, Liberia, Nigeria, and Sierra Leone as of September 14.
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Figure 4. Observed and Projected Case Incidence.

Observed and projected weekly case incidence in Guinea (Panel A), Liberia (Panel B), and Sierra Leone (Panel C) are shown on linear

(upper panels) and logarithmic (lower panels) scales
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Figure 1. Case Reproduction Numbers and Weekly Incidence in Guinea, Liberia, and Sierra Leone.

Shown are the estimated case reproduction number (R,) over time (upper panels) and the observed and projected weekly incidence
(lower panels) of confirmed and probable cases of Ebola virus disease (EVD), according to the date of symptom onset, from the week
beginning June 30, 2014, until the week beginning January 12, 2015, on the basis of data reported through December 7 for Guinea and
November 30 for Liberia and Sierra Leone. The projections shown in the lower panels were generated from R, estimates derived from
data on case incidence (daily situation reports) for the 7 weeks through December 7 for Guinea and November 30 for Liberia and Sierra

Leone (the time period delineated by the vertical dotted lines).
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BABSTRACT

Background: The 2014 West African Ebola Outbreak is so far the largest and deadliest recorded in history
The affected countries, Sierra Leone, Guinea, Liberia, and Nigeria, have been struggling to contain and to
mitigate the outbreak. The ongoing rise in confirmed and suspected cases, 2615 as of 20 August 2014, is
considered to increase the risk of international dissemination, especially because the epidemic is now
affecting cities with major commercial airports.
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Lessons




Modelling’s major contribution comes very early

(when sit. awareness is poor)

Embed within a public health agency

Academic publication often isn’t useful during an
emergency (but is afterward)




Thank you for your time!
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Tom Clark

Ben Lopman
Amy Pinsent

+ many others
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Gambhir M, Clark TA, Cauchemez S, Tartof SY, Swerdlow DL, et al. (2015) A Change in Vaccine Efficacy and Duration of Protection

Parameter description

Vaccine efficacies & waning
Whole-cell
Vaccine efficacy of 1% 3 doses/4™/5" dose

Rate of loss of whole-cell vaccine immunity

Acellular
Vaccine efficacy of 1% 3 doses/4™/5™ dose
Rate of loss of acellular vaccine immunity

Tdap

Vaccine efficacy
Epidemiclogical Parameters
Basic reproduction number, Hg
Rate of loss of natural immunity

Relative susceptibility of individuals to subseguent infection

(with reference to naive individuals)

Relative infectiousness of individuals with subsequent
infection (with reference to primary-infected individuals)

Year of reporting rate change
Mean reporting rate prior to change
Mean reporting rate after change

doi: 10.137 1/journal pebi. 10041381002

90% [87%, 94%]

3x10%r" [2x10°°, 2x10™) i.e. essentially
lifelong

80% [78%,82%)]

0.018yr" [0.015, 0.020] i.e. average of
approx. 50 yrs protection

As acellular

11.0[9.9, 11.5]

3x10°%yr" [2x10°°, 2x10™] i.e. essentially
lifelong (as for whole-cell)

32% [29%, 35%]
17% [14%, 23%]

Mone
6.0% [0.1%, 22%]
n'a

Explains Recent Rises in Pertussis Incidence in the United States. PLoS Comput Biol 11(4): €1004138.
doi:10.1371/journal.pcbi.1004138

http://journals.plos.orag/ploscompbiol/article ?id=info:doi/10.1371/journal.pcbi.1004138e .=
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Gambhir M, Clark TA, Cauchemez S, Tartof SY, Swerdlow DL, et al. (2015) A Change in Vaccine Efficacy and Duration of Protection

Explains Recent Rises in Pertussis Incidence in the United States. PLoS Comput Biol 11(4): €1004138.
doi:10.1371/journal.pcbi.1004138
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COORDINATING RESEARCH

ACTIVITIES IN
MATHEMATICAL MODELLING

HIV Modelling Consortium

The HIV Modelling Consortium aims to help improve scientific support for decision making
by co-coordinating a wide range of research activities in mathematically modelling the HIV

epidemic.
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Abstract

Background: Many mathematical mode
on new HIV infections. Comparing resul
slightly different questions and have re
mathematical models simulating the sa
about the epidemiological impact of ex

Methods and Findings: Twelve indep
scenarios in South Africa and reported a
threshold for treatment eligibility, access
individuals start treatment on average 1

3 y, the models projected that HIV incid
counterfactual scenario in which there

incidence. The impact of optimistic intery
substantial uncertainty about the theors

next four decades. The number of pe

evention: Systematlc Comparison of

Health benefits, costs, and cost-effectiveness of earlier

eligibility for adult antiretroviral therapy and expanded
ent coverage: a co d analysis

of 12 mathematical models

Summary

Backgrownd New WHO guidelines recommend initiation of antiretroviral therapy for HIV-positive adults with
CD4 counts of 500 cells per pl or less, a higher threshold than was previously recommended. Country decision
bility for antiretroviral therapy accordingly. We aimed o assess
the potential health benefits, costs, and cost-effectiveness of various eligibility criteria for adult antiretroviral therapy
and expanded treatment coverage.

makers have lo decide whether bo further expamnd el

Methods We used several independent mathematical models in four settings—South Africa (generalised epidemic,
maoderate antiretroviral therapy coverage), Zambia [generalised epidemic, high antiretroviral therapy coverage), India
[concentrated epidemic, moderate antiretroviral therapy coverage], and Viemam (concentrated epidemic, low
antiretroviral therapy coveragej—io assess the polential health benefits, costs, and cost.efiectiveness of various
eligibility criteria for adult antiretroviral thempy under scenarios of existing and expanded treatment coverage, with
resulis projected over 20 years. Analyses assessed the extension of eligibility o inchude individuals with CD4 counts
of 500 cells per pL or bess, or all HIV. positive adults, compared with the previous (2010) recommendation of initiation
with CDd counts of 350 cells per pl. or less. We assessed costs from a health-system perspective, and calculated the
incremental cost (in USS) per disalbility-adjusted life-year (DALY) averted 1o compare compeling strategies. Stralegies
were regarded very cost effective if the cost per DALY averied was less than the country’s 2012 per-head gross domestic
product (GDP; South Africa: $5040; Zambia: 51425 India: $148%; Vietmam: 51407} and cost effective if the oost per
DALY averted was less than three times the per-head GDP

Findings Im South Africa, the cosl per DALY averted of extending eligibility for antiretroviral thermapy 1o adult patients
with T4 counts of 5080 cells per pl or less mnged from $237 1o 31691 per DALY averled compared with 2000 guidefines.
In Fambia, expansion of eligibility to adults with a T4 count threshold of 500 cells per pl. ranged from improving
health outtomes while reducing costs (ie, dominating the previous guidelines) o 5749 per DALY averted. In both
countries resulis were similar for expansion of eligibility to all HIV-positive adultx, and when substantially expanded
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Neglected Tropical Disease

Modelling Consortium MODELLING ¢

= 9 universities: Warwick, Yale, Erasmus, Notre
Dame, Imperial College London, Case Western
Reserve, Monash, London and Liverpool Schools
of Hygiene

= 9 diseases incl: schistosomiasis, lymphatic
filariasis, trachoma, soil transmitted helminths




2 questions from BMGF

Are we on target for the 2020 goals with
current strategies?

If not, what other strategies will be
required, and where?
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Enhanced antibiotic distribution strategies @
and the potential impact of facial cleanliness

and environmental improvements for the
sustained control of trachoma: a modelling

study

Amy Pinsent’, Matthew J. Burton® and Manaj Gambhir'

Abstract

Background: Despite some success in controlling trachoma with repeated mass drug administration (MDA), some
hyperendemic regions are not responding as fast as anticipated. Available data suggests that individuals with
higher bacterial infection loads are less likely to resohve infection following a single dose of treatment, and thus remain
a source of re-emergent infection following treatment. We assessed the potential impact of 2 new double-dose




