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Modelling Ebola virus disease epidemic and estimation of the
effectiveness of case isolation
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Abstract

We estimated the effective reproduction number of Ebola virus disease, i.e. average
number of secondary cases produced by a single primary case at calendar time t (Rt),
for the ongoing epidemic in West Africa from March to August 2014. Estimates of Rt
for the Guinea, Sierra Leone and Liberia, countries that are experiencing sustained
community transmission were consistently above 1.0 since June 2014. Country-specific
estimates of Rt for Liberia and Sierra Leone lied between 1.0 and 2.0, reflecting
continuous growth of cases in these countries. Rt below 2 indicate that control could be
attained by preventing over half of the secondary transmissions per primary case (e.g.
by means of effective case isolation and contact tracing).

Whereas numerous methods have been proposed for estimating the efficacy and
effectiveness of vaccination against infectious diseases, little has been made to assess

the protective effect of non-pharmaceutical interventions such as quarantine, case
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isolation and contact tracing. The present study focused on case isolation, aiming to
offer a novel method to estimate its effectiveness based on epidemiological data. We
define the protective effect of isolation as the reduction in the number of secondary
transmission events (i.e. the relative reduction in the reproduction number). Two
learning points were gained from this statistical exercise. First, the effectiveness of case
isolation is quantifiable given that who-acquired-infection-from-whom network is
empirically available. Second, observed serial interval estimates in literature are likely
underestimated when the effectiveness of isolation is substantial. Other datasets that
might permit similar estimation is household transmission data the analytical method of

which will be briefly presented.

1. Background

The largest and first regional outbreak of Ebola virus disease (EVD) has been
unfolding in West Africa since approximately December 2013. The outbreak was not
recognised until March 2014, which facilitated the spread to neighbouring Sierra Leone
and Liberia through porous borders as well as Nigeria via a commercial airplane on 20
July. The World Health Organization (WHO) declared this EVD epidemic a Public
Health Emergency of International Concern on 8 August 2014. The effective
reproduction number, Rt, which measures the average number of secondary cases
generated by a typical primary case at a given calendar time, can be helpful to
understand the EVD transmission dynamics over time in affected countries as well as
gauge the effect of control interventions. Values of Rt<1 indicate that the epidemic is in
a downward trend. By contrast, an epidemic is in an increasing trend if Rt>1. In this
study, we estimated Rt, in real time in order to assess the current status of the evolving

outbreak across countries affected in 2014.

2. Methods

We analysed the cumulative case counts reported by the WHO as of 26 August 2014.
Case counts are classified into three categories, i.e. confirmed, probable and suspected
case according to diagnostic criteria of WHO. Two different sets of grouped data were
analysed, i.e. (i) confirmed plus probable cases and (ii) the total number of reported
cases (i.e. confirmed, probable and suspected cases). To estimate the Rt, we employed a

mathematical model together with time- and country-specific incidence data. Using the
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so-called “next generation matrix”, we estimated the average number of secondary
cases produced by a primary case at time t within single country and between two
countries. We also computed the Rt for all countries (hereafter referred to as the ‘global’

estimate of the reproduction number) by further analyzing the matrix.

3. Results

Our estimates of the Rt for all countries reached levels below unity in April and May,
but has appeared to be continuously above 1 since early June. Estimates of Rt using
total case reports from June to July 2014, a period during which exponential growth of
cases has been observed in Sierra Leone and Liberia, ranged from 1.4 to 1.7,
respectively. Estimates of Rt in Sierra Leone and Liberia appeared to be consistently
above 1.0. The estimates of Rt in Liberia reaching values up to 2.0 indicate that the
outbreak could only be brought under control if more than half of secondary
transmissions per primary case were prevented. The transnational spread per person
appears to have been reduced over time, but our most recent model estimates still

suggest a non-negligible number of secondary cases arising from transnational spread.

4. Discussion

Our statistical analysis of the reproduction number of EVD in West Africa has
demonstrated that the continuous growth of cases from June to August 2014 signalled a
major epidemic, which is in line with estimates of the Rt above 1.0. Our estimated
reproduction numbers, broadly ranging from 1 to 2, are consistent with published
estimates from prior outbreaks in Central Africa (e.g. the reproduction number for EVD
has been estimated at 1.83 for an outbreak in Congo in 1995 and 1.34 in Uganda in
2000 prior to the implementation of control intervention). Our estimates of Rt below 2
indicate that the outbreak could be brought under control if more than half of secondary
transmissions per primary case are prevented. Uncontrolled cross-border transmission
could fuel a major epidemic to take off in new geographical areas (e.g. as seen in
Liberia). Close monitoring of this evolving epidemic should continue in order to assess

the status of the outbreak in real time and guide control interventions in the region.

4. BEIHR

1. Nishiura H, Chowell G. Early transmission dynamics of Ebola virus disease (EVD),

61



West Africa, March to August 2014. Euro Surveill. 2014;19(36):pii=20894.

2. Nishiura H, Chowell G. Feedback from modelling to surveillance of Ebola virus

disease. Euro Surveill 2014;19(37):pii=20908.

6. FAFEARRL -

EMEERER - HORA t ITBWT 1 ADRYE N AT 2 RIEGEE D
EEERT D, 1 X 0RITIUREREE IR EICHE L T &2 BT 528,
R>1 ITH R GE BB I 2 TV D (AT IR CTh D) 2 &2 BT 5.

FNFAEERE R £EE, (ICR>1 THDHETH. ZZTEToOEfo s bt
Kp PUONREE R Sl ks Chinnize35 L, D oQ-p)OM77E T TIRIENIE 2
LZOTHREBETOBRAERIQAPR 4%, 2N 1 %2 TSR E R Z RS L
oD, FOFEME pIZOWTHELS &, p>1-1/R &7 5. Hlz1X R=2 ThHiiT,
p>0.5 LA E DG 2 F5 DR A I SNV E A PO LD D Z LD ARETH
2.

EE

ARWFFENE, JSPS BHifF#E 26700028, JEAEF BRI FMEZGEE (H26—#T B 5 -
—HE-016) B L OASHMHENERLB TV V— ST S 2013 EREE240 -
TR OB Z 2 1 TIT/ebivE L2, Z 2= LET.

62





