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ABSTRACT ARTICLE HISTORY
Background: There is a lack of empirical data on design effects (DEFF) for mortality rate for Received 15 November 2023
highly clustered data such as with Ebola virus disease (EVD), along with a lack of documenta- Accepted 6 March 2024
tion of methodological limitations and operational utility of mortality estimated from cluster-  ggsponsiBLE EDITOR
sampled studies when the DEFF is high. Stig Wall

Objectives: The objectives of this paper are to report EVD mortality rate and DEFF estimates,

and discuss the methodological limitations of cluster surveys when data are highly clustered KEYWORDS

such as during an EVD outbreak. Ebola virus disease; design
Methods: We analysed the outputs of two independent population-based surveys conducted effeaslf c{u;;e;lsur;/eys; q
at the end of the 2014-2016 EVD outbreak in Bo District, Sierra Leone, in urban and rural 3::?3 1ty; highly-clustere
areas. In each area, 35 clusters of 14 households were selected with probability proportional

to population size. We collected information on morbidity, mortality and changes in house-

hold composition during the recall period (May 2014 to April 2015). Rates were calculated for

all-cause, all-age, under-5 and EVD-specific mortality, respectively, by areas and overall. Crude

and adjusted mortality rates were estimated using Poisson regression, accounting for the

surveys sample weights and the clustered design.

Results: Overall 980 households and 6,522 individuals participated in both surveys. A total of

64 deaths were reported, of which 20 were attributed to EVD. The crude and EVD-specific

mortality rates were 0.35/10,000 person-days (95%Cl: 0.23-0.52) and 0.12/10,000 person-days

(95%Cl: 0.05-0.32), respectively. The DEFF for EVD mortality was 5.53, and for non-EVD mortal-

ity, it was 1.53. DEFF for EVD-specific mortality was 6.18 in the rural area and 0.58 in the urban

area. DEFF for non-EVD-specific mortality was 1.87 in the rural area and 0.44 in the urban area.

Conclusion: Our findings demonstrate a high degree of clustering; this contributed to

imprecise mortality estimates, which have limited utility when assessing the impact of

disease. We provide DEFF estimates that can inform future cluster surveys and discuss design

improvements to mitigate the limitations of surveys for highly clustered data.

PAPER CONTEXT

® Main findings: For humanitarian organizations it is imperative to document the methodologjical
limitations of cluster surveys and discuss the utility.

e Added knowledge: This paper adds new knowledge on cluster surveys for highly clus-
tered data such us in Ebola virus disease.

® Global health impact of policy and action: We provided empirical estimates and discuss
design improvements to inform future study.

Background to estimate the impact of a crisis (including mortality) [1].

During the 2014-2016 Ebola virus diseases (EVD) out-
In humanitarian contexts, surveillance is the accepted break in Sierra Leone, vital registration and surveillance
gold standard to measure public health outcomes and  systems were weak [2], necessitating reliance on estimates
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of the direct and indirect impacts of the outbreak based
on mathematical modelling and retrospective analysis of
burial and health facility data [3-6].

Population-based surveys can supplement surveil-
lance data to estimate the severity of a crisis for a range
of purposes, including operational planning (e.g. to prior-
itise areas for intervention), and advocacy [7,8].
A previous study explored the validity of cluster surveys
versus systematic sampling methods for measuring crude
mortality [9]. The authors reported that both designs
yielded similar estimations, but warned that their find-
ings may not be generalisable and advocated further
research to address key methodological limitations of
cluster surveys in humanitarian contexts. These include
failure to calculate the optimal sample size, to sample
proportionate to population size (PPS), to weight the
sample during analysis, and to consider the design effects
(DEFF) when calculating precision [10]. DEFF considers
that individuals (or households) living close to each other
are more similar than individuals (or households) living
far away at a random distance. In cluster surveys, this may
lead to high intra-cluster correlation, high DEFF, reduc-
tion in the effective sample size and therefore loss in
precision of the estimates. When designing a cluster sur-
vey, the value of the expected DEFF is multiplied to the
sample size to compensate for the loss of precision [11].
This is particularly important when measuring EVD
burden, compared to other human-to-human trans-
mitted infectious diseases (e.g. measles), since Ebola
virus requires close physical contact for infection, leading
to violation of the assumption of data independency.
While this topic has been explored in veterinary epide-
miology [12] where animals are frequently clustered at
the herd/farm level, there is, however, a paucity of litera-
ture for human studies [13]. Thus, it is recommended to
publish empirical estimates of design effects DEFFs to
inform future studies.

This paper assesses the utility, and limitations of clus-
ter surveys for highly clustered data, using data from two
cluster surveys carried out in rural and urban areas of Bo
District, Sierra Leone, during the 2014-2016 EVD out-
break. The surveys were designed to estimate mortality
(due to EVD and non-EVD) and morbidity in areas
where, due to the EVD outbreak, Médecins Sans
Frontiéres (MSF) suspended critical health interventions
and refocused on EVD care.

We planned the surveys knowing that EVD case clus-
tering might affect survey estimates, therefore at design
and implementation attempts were taken to account for
the highly-clustered distribution of disease outcomes.

The aims of this paper are to i) report crude and
adjusted EVD mortality rate estimates, ii) provide the
first reported estimated DEFFs for EVD and non-EVD
mortality during an EVD outbreak; iii) discuss the meth-
odological limitations and the operational utility of esti-
mated mortality rates from cluster-sampled survey when
the DEFF is high.

Methods
Study setting and population

In September 2014, MSF opened a 100-bed Ebola
Management Center (EMC) in Bo township to reduce
EVD mortality and transmission in the area.
Alongside EMC activities, MSF conducted EVD out-
reach activities in Bo district, focusing on social
mobilisation, support of survivors, case finding and
case investigation efforts conducted in collaboration
with the District Ebola Response Committee (DERC).

Prior to the EVD outbreak, MSF was supporting
the running of a 200-bed secondary-level referral
hospital in Gondama, just outside Bo town. The
hospital was considered a lifeline for children and
pregnant women coming from Bo and other districts,
providing more than 8,000 paediatric and 2,500
emergency obstetrical and gynaecological admissions
per year [14]. However, in October 2014, MSF was
forced to suspend health services due to the increas-
ing risk of EVD nosocomial transmission and con-
cerns about staff safety [15].

The closure of the Gondama referral hospital was
perceived to have contributed to an increase in mor-
tality in the area. Thus, in the absence of strong
routine surveillance and vital statistics, we conducted
two surveys in MSF catchment areas to estimate EVD
and non-EVD mortality and morbidity in Bo district
during the Ebola outbreak. One survey was carried
out in Bo rural areas which consist of 15 chiefdoms
and 969 villages, with an estimated population of
538,751. The second survey was carried out in Bo
town (urban area of Bo District) consisting of 20
sections, with an estimated population of 178,446.
Further rationale to carry out two independent sur-
veys was based on anticipated differences in terms of
clustering between urban and rural areas.

Study design

We used a two-stage population-based cluster survey
design, an established methodology to estimate mortality
rates in humanitarian and crisis settings [16-18].

Recall period

In Sierra Leone, the first EVD cases were reported on
24 May 2014 [19]. The last confirmed case in Bo
District was discharged on 26 January 2015 (the last
confirmed case in Sierra Leone was reported in
March 2016). The recall period started from
24 May 2014 for both surveys and ended on 1* of
April 2015 for the rural survey (313 days), and the 9™
of April 2015 for the urban survey (321 days), which
corresponded to the start of the survey in each
location.



Group discussions with the Sierra Leone study team
were used to design a local events calendar of the recall
period to help interviewees to report when a death
occurred in their household. The calendar incorporates
relevant national awareness days, religious observance
events and community events, as well as salient events
linked to the EVD outbreak (e.g. the declaration of a state
of emergency) [8,20]. Study teams recorded any changes
in household composition (births, deaths, and in- and
out-migration) and illnesses during the established recall
period.

Sample size

As with other infectious diseases transmitted by
human to human contacts (e.g. due to attending the
same funerals and/or caring for a sick relative), there
is substantial geographical heterogeneity of EVD
infection, with people living in an Ebola-affected
household or village having a high household and
village-level risk of EVD infection and death [21].

Prior to the EVD outbreak, the all-cause mortality rate
in Sierra Leone was estimated between 0.5 and 0.7 deaths
per 10,000 people per day [22]. In the absence of pub-
lished DEFF estimation from prior EVD cluster surveys,
we considered a range of sample size scenarios when
designing our surveys (see Table Al), using different
estimates of expected crude mortality rate (CMR),
required precisions and assumed design effects [22,23].
Based on these simulations, the most likely estimate was
considered to be a CMR of 1.0 deaths/10,000 person-days
with a precision of 0.5 deaths and a design effect of 4.
The DEFF value of 4 was considered at that time to be the
worst scenario in terms of clustering in either area. Using
ENA (2011) software, the required sample size for each
area was calculated as 2390 individuals in 483 households.
Since the value of DEFF increases with cluster size and
reduces with cluster number, in the attempt to reduce the
DEFF, we opted to increase the minimum recommended
number from 30 to 35 clusters of 14 households per area
for a total of 70-clusters [24]. The total number of clusters
was considered sufficiently large in the light of the
expected DEFF along with human and logistic con-
straints of implementing operational research under out-
break conditions.

Sampling

Population estimates in Bo district (by village) and Bo
town (by section) were obtained from the Local Ministry
of Health and Sanitation (MOHS). These lists constituted
the sampling frame from which the clusters were selected.
In the first stage, villages/sections were selected with PPS.
In the second stage, the starting household was chosen
within a village (rural area) or within a section (urban
area) using a variation of the standard World Health
Organization (WHO) Expanded Programme on
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Immunization (EPI) methodology [25]. After having
identified the geographical centroid of the village/sector
with the help of the head of the village/sector, a random
direction was identified by spinning a pen. Study teams
then walked in a straight line to the edge of the village/
sector and assigned a progressive number to each house-
hold in that line. A random number between 1 and the
number of households counted was drawn using
a random number table. The households tagged with
the drawn number was the first household to be surveyed.

In a bid to further reduce the DEFF that might occur
by including geographically close households, a step
between household was added to identify subsequential
households in the cluster. We selected every n™ house-
hold, where n was the total estimated households in the
village/section divided by the number of households to be
included. Subsequent (n'") households were selected by
counting households to the left. If a household was
empty, two further attempts were made later the
same day before replacement. Replacement, including
due to refusal, was with the next closest household to
the left.

Definitions

The WHO EVD case definitions were used to define
suspect cases (Box 1) [26]. In addition, EVD suspected
and probable cases were further asserted by triangulating
of the following information: (1) meeting the WHO
criteria of suspected/probable case (2), history of house-
hold being under quarantine (3), history of household
being under contact tracing (4), history of being referred
to the MSF Bo EMC. Classification of causes of death or
major morbidity are reported in Table A2. A household
was defined as a person or a group of persons, related or
unrelated, who lived together and who shared a common
source of food. The head of the household was defined as
a person aged 18 years and older who could give informa-
tion on demographics, illness, and mortality in his/her
household and was present in the household during the
recall period.

Quarantine was defined as a household reporting
separation from the rest of the community (i.e. the
household was cordoned off) and restriction of move-
ment by the local authority following a positive EVD
result in the household. Contact tracing was defined
as a process of identifying, listing, and monitoring
persons who had direct exposure (physical contact
between infected person and susceptible person) or
indirect exposure (e.g. contaminated surfaces or
objects) to any confirmed EVD case within the past
21 days.

Data management

Interviews were conducted with the head of each selected
household. A trained MSF study team elicited
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Box 1 World Health Organization (WHO) EVD case definitions were used to define suspect, probable, and confirmed cases

Suspect

Probable

Laboratory confirmed

a. Any person, alive or dead, suffering or having a. Any suspected case evaluated by a clinician;

suffered from a sudden onset of high fever ~OR

and having had contact with: - a suspected, b. Any deceased suspected case (where it has not
been possible to collect specimens for
laboratory confirmation) having an

OR epidemiological link with a confirmed case

probable or confirmed Ebola or Marburg
case; - a dead or sick animal;

b. Any person with sudden onset of high fever
and at least three of the following symptoms:
- headaches - lethargy — anorexia/loss of
appetite — aching muscles or joints —
stomach pain - difficulty swallowing -
vomiting - difficulty breathing - diarrhoea -
hiccups;

OR

¢. Any person with inexplicable bleeding;

OR

d. Any sudden, inexplicable death

a. Any suspected or probable cases with
a positive laboratory result. Laboratory
confirmed cases must test positive for the
virus antigen, either by detection of virus
RNA by reverse transcriptase-polymerase
chain reaction (RT- PCR), or by detection of
IgM antibodies directed against Marburg or
Ebola.

information on household members, births, arrivals,
departures, illnesses, deaths, place and circumstance of
death. Medical records at the household level were used
to re-build the possible cause and time of illness and
death, if available. Data on whether and when the house-
hold had been placed under quarantine were collected.
Additionally, information on whether any household
members were placed under contact tracing was also
gathered. The questionnaire and consent forms were
verbally translated into the dominant local language
Mende, which does not have a written tradition, and
back-translated into English to ensure consistency. The
study team were bi-lingual (speaking English and
Mende). Group consensus on translations was sought
during the training. During data collection, the research
teams were composed of two surveyors who supported
each other on translation consistency. Questionnaires
were piloted prior to beginning the study. The detailed
study protocol is publicly available on the MSF research
platform (https://remit.oca.msf.org/studies/159).

Data analysis

We present a descriptive analysis of the mean or
median (range) of numerical variables and propor-
tions with 95% confidence intervals (CI) for catego-
rical variables. Mortality rates per 10,000 per day
were estimated using the mid-point population esti-
mates as the denominator. Mid-point populations
accounted for changes in household composition
(births, deaths, and in- and out-migration) during
the recall period. Rates were estimated for all-cause,
all-age, under-5 mortality and EVD-specific mortal-
ity. Stratified linear and logistic regression models for
continuous and binary outcome variables, respec-
tively, were fitted adjusting for a-priori defined vari-
ables of age and sex. We estimated the crude and
adjusted mortality rates, and incidence rate ratios
(IRR) using Poisson regression. All analyses were
conducted separately by area and accounted for the
survey sampling weights and the DEFF in each area.

Data cleaning and statistical analysis were conducted
using STATA v15 (Stata Corporation, TX, USA).

Ethical approval

The study protocol was approved by the Ethics Review
Board of MSF, the Internal Review Board of the Sierra
Leone MoHS, and the London School of Hygiene &
Tropical Medicine (LSHTM). Approval to conduct the
study was obtained from traditional authorities in all
study sites prior to data collection. Participation was
voluntary. Verbal informed consent for participation
was obtained from the head of each household after
a briefing about the aim of the study, the questions,
survey and how their answers would be recorded,
stored and used, duration of the questionnaire, and
the option to end the interview or withdraw from the
research at any time if wished. Confidentiality was
protected during data collection and analysis. No per-
sonal identifying information was collected.

Results
Overview

The surveys were conducted in 70 clusters (35 clusters in
each rural and urban areas) of 14 households (total 980
households; 6,522 individuals). Four households refused
to participate (one in the rural area and three in the
urban area) and were replaced by the next consenting
household. The rural area had a higher proportion of
children under 5 years (14.4% 95%CI: 13.3-15.5%) than
the urban area (9.4%, 95%CI: 8.4-10.4%) (p < 0.001). The
proportion of women was lower in the rural area (51.4%,
95%CI: 49.6-53.2%) than in the urban area (54.6%, 95%
CI: 52.9-56.3%) (p =0.01) (Table 1).

Morbidity

Overall, 9.0% (n=586, 95%CI: 7.2-10.1%) of the
population surveyed reported that someone had
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Table 1. Households characteristics and movements
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according to area, mortality studies Bo District.

Variable Urban Rural p-value for difference

No. clusters 35 35

No. households sampled 490 490

No. individuals at baseline (start recall period) 3,266 3,048

No. departure (deaths/out-migration) 122 140

No. arrivals (births/in-migration) 108 100

Mid-point population 3,259 3,028

No.Children <5 years 316 452

No.Female 1844 1619

Total number of individuals in study 3,374 3,148

Mean household size (95%Cl) 8.6 7.9 0.15
(7.9-9.2) (7.3-8.6)

Mean age (95%Cl) 229 22.7 0.71
(22.3-23.5) (21.9-23.5)

% Children <5 years (95%Cl) 9.4 144 <0.001
(8.4-10.4) (13.3-15.5)

% Female (95%Cl) 54.6 514 0.01
(52.9-56.3) (49.6-53.2)

been sick at least once during the recall period.
Prevalence of any morbidity was reported more fre-
quently among children under 5 (240/768; 29.2%,
95% CI: 22.8-36.6) compared to over 5years old
(346/5754; 5.4%, 95% CI: 4.4-6.7%) (p <0.001). The
most frequently reported illness (all ages combined)
was malaria/fever (n =358, 61.1%). Prevalence of sus-
pected/probable EVD was 4.9% (n =29 of 586).

EVD survivors

In total, nine people reported being EVD survivors,
all of whom reported being admitted to MSF Bo
EMC. Of these, seven reported that their household
was put under quarantine and contact tracing follow-
ing their positive test. Six of the nine cases reported
signs, symptoms and/or contact history compatible
with the suspect/probable WHO EVD case definition.

Mortality

Overall, 36/70 clusters (51.4%) reported deaths (16
clusters in the rural and 20 in the urban area). In
total, 64 deaths were reported, of whom 18 were
among children aged under 5 years old, giving crude
and under-five mortality rates of 0.35/10,000 person-
days (95%CI: 0.23-0.52) and 0.91/10,000 person-days
(95%CI: 0.54-1.51), respectively (Table 2). All-cause
mortality in the rural area was higher than in the
urban area (adjusted IRR 1.25; 95% CI: 0.67-2.33),
but this difference was not statistically significant
(Table 2).

The most frequently reported causes of death were
EVD (31.2%, n=20) and malaria/fever (18.7%,
n = 12). EVD was the main reported cause of death
among individuals aged over 5 years (39.1%, n =18),
while malaria/fever was the main cause among chil-
dren under-5s (50.0%, n=9) (Table 3). For two

Table 2. Reported deaths and crude and under-5-year mortality rates, crude and adjusted incidence rate ratios, mortality studies

Bo District.
N of deaths Mortality rate (all ages) per 10,000-person-days Under-five mortality rate per 10,000-person-days

Area Total <5 years Rate [95% ClI] Design Effect Rate [95% Cl] Design Effect
Overall 64 18 0.35 [0.23-0.52] 2.86 0.91 [0.54-1.51] 143
Urban 28 4 0.27 [0.19-0.38] 0.45 0.41 [0.13-1.30] 0.60
Rural 36 14 0.38 [0.23-0.62] 3.44 1.03 [0.59-1.77] 1.52

Crude incidence rate ratio (IRR) 141 [0.77-2.60] 2.51 [0.69-9.14]

Adjusted IRR? 1.25 [0.67-2.33] 2.56 [0.71-9.28]

Adjusted for age group and sex.

Table 3. Reported causes of death by age group, mortality studies Bo District.

Five years old and over (N = 46) Under five years old (N=18)
Cause of death N % N %
EVD 18 39.1 2 1.1
Chronic diseases 8 17.4 - -
Other* 6 13.0 1 5.5
Old Age 5 10.7 - -
Malaria/Fever 3 6.5 9 50.0
Unknown 3 6.5 - -
Trauma/Accident 2 43 1 5.5
Convulsion - - 2 1.1
Death during pregnancy or childbirth 1 2.2 - -
Neonatal death - - 3 16.7

*Sickle Cell Disease, Candidiasis, ‘Witch Gun’, Swollen Foot, Abdominal Pain, Herpes Zoster, Hernia.
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Table 4. Reported deaths, EVD specific and non-EVD specific mortality rates, crude and adjusted incidence rate ratio, mortality

studies Bo District.

N of deaths EVD specific mortality rate per 10,000-person-days Non-EVD-specific mortality rate per 10,000-person-days
Area EVD  Non-EVD Rate [95% Cl] Design Effect Rate [95% Cl] Design Effect
Overall 20 44 0.12 [0.05-0.32] 5.53 0.22 [0.16-0.32] 1.53
Urban 6 22 0.06 [0.02-0.14] 0.58 0.21 [0.14-0.31] 0.44
Rural 14 22 0.15 [0.05-0.43] 6.18 0.23 [0.15-0.37] 1.87
Crude IRR 2.56 [0.64-10.26] 1.10 [0.59-2.04]
Adjusted IRR? 261 [0.65-10.35] 0.91 [0.50-1.65]

Adjusted for age group and sex.

Table 5. Reported malaria and EVD infections, morbidity rates and design effect, mortality studies Bo District.

N of cases Malaria/fever morbidity rate (*¥) Ebola morbidity rate (¥)
Area Malaria/fever Ebola Rate [95% Cl] Design Effect Rate [95% Cl] Design Effect
Overall 358 29 1.74 [1.36-2.22] 5.47 0.17 [0.07-0.42] 7.01
Rural 163 18 1.72 [1.25-2.35] 6.72 0.19 [0.06-0.55] 8.21
Urban 195 11 1.86 [1.39-2.48] 2.07 0.11 [0.05-0.21] 0.62

(*) Rate per 10,000 persons per Day.

children aged under 5 the cause of death was attrib-
uted by family members to EVD; both were in rural
areas and in households experiencing more than one
EVD case.

All households where EVD deaths were reported
experienced quarantine and all except one experi-
enced contact tracing. Nine of the 20 EVD deaths
(45.0%) met the suspect/probable WHO EVD case
definitions. The place of death was at home (n=9,
45.0%), at Bo MSF EMC (n =46, 30.0%), at a non-
Ebola health facility (n=4, 20.0%) or in an ambu-
lance (n=1, 5.0%).

The overall EVD-specific mortality rate was 0.12/
10,000 person-days (95% CI: 0.05-0.32). EVD-related
mortality was higher in rural area compared with
urban (adjusted IRR 2.61; 95% CI: 0.65-10.35); con-
fidence intervals for EVD-specific mortality rates
were wide so despite different point estimates, it
was not possible to conclude that they were signifi-
cantly different (Table 4).

Clustered events and design effects

The 29 EVD cases were reported in 20 households in
12 clusters, while the 358 malaria/fever cases were
reported in 272 households in 62 clusters. The
DEFF for EVD infection was 28% higher compared
to malaria/fever infection (7.01 vs 5.47) (Table 5).

The 20 EVD deaths were reported in 15 house-
holds in 9 clusters, with the 44 non-EVD deaths
reported in 40 households in 31 clusters. The DEFF
for EVD-specific mortality rate was 3.6 times higher
compared to non-EVD mortality rate (5.53 vs 1.53)
(Table 4).

Five of six clusters (83.3%) reporting more than
one EVD case were in the rural area. Death at home
was more frequent among clusters reporting more
than one EVD case compared to clusters reporting

one EVD case, however the difference was not statis-
tically significant (26.7% vs 7.1%, p = 0.39).

Eighteen EVD cases occurred in 4 of 35 rural
clusters (11%) compared to 11 EVD cases reported
in 8 of 35 urban clusters (23%). Two rural clusters
reported six and seven cases, respectively. The DEFF
for EVD-specific morbidity (overall 7.01) was 13
times higher in the rural area compared with the
urban area (8.21 vs 0.62) (Table 5). The DEFF for
EVD-specific mortality (overall 5.53) was 11 times
higher in the rural area compared with the urban
area (6.18 vs 0.58) (Table 4).

Discussion and recommendations

To our knowledge, this is the first and largest popula-
tion-based study conducted during the 2014-2016
EVD outbreak in Sierra Leone, and the first study
to estimate mortality rates and DEFF separately for
urban and rural areas and for EVD and non-EVD,
respectively. Estimated CMRs were lower than
expected, despite the closure of the Gondama referral
hospital and the disruption of the health care system
caused by the EVD outbreak.

In our sample, a small proportion of households
and clusters reported EVD deaths and cases.
Households in the rural area experienced a higher
number of EVD deaths at home, and more clusters
with more than one EVD case, possibly due to limited
access to care along with weaker surveillance system
delaying reaching rural areas [27]. EVD community
death is one of the key WHO indicators to evaluate the
performance of and readiness EVD response [28]. It
could be further used by public health actors to prior-
itise those households and communities where second-
ary transmission is more likely to occur for
interventions such as EVD vaccination, and more rig-
orous contact tracing to ensure timely access to care,
in particular when transmission is high and human



resources to address the outbreak are
Furthermore, this indicator could be combined with
anthropological assessments (e.g. on community per-
ceptions and experience, healthcare-seeking behaviour,
health services utilisation) to adapt interventions and
improve collaboration with affected communities.

Malaria/fever was the most common illnesses
reported in all ages, and the main cause of death for
under-5year olds. Surveillance, at the time, was
focused on EVD detection with low attention to
provide care for other endemic diseases like malaria
[2]. As previously suggested, malaria interventions
should be prioritised in EVD outbreak responses, in
particular for children aged under-5 and in rural
settings [29]. This will mitigate the additional mor-
bidity and mortality burden, and stimulate the com-
munity to report to surveillance if health
interventions are consistent with population needs.

As with other EVD studies, the under-reporting of
deaths due to the fear stigma from other households
and dissatisfaction with how deaths are being handled
(e.g. safe burial teams not accounting for culturally
important burial practices) cannot be excluded [30].
In addition, we cannot exclude that the national policy
of mandatory reporting of death might have discour-
aged households to report deaths [31].

However, a mitigating factor is that MSF was not
associated with the enforcement of punitive measures
(e.g. fine for sick people if concealed, and/or violation
of quarantine [32]). MSF had an established presence
in Bo preceding the Ebola outbreak as a provider of
free healthcare, which further supported trust with
the community. Further, there was a high response
rate to the survey; even those who were not randomly
selected expressed their willingness to participate (but
were not included in the study), suggesting that the
survey was well perceived by the community, and
therefore desirability bias could not be excluded.

Only 45% of the reported EVD deaths met the
WHO case definition, thus misclassification of the
cause of deaths cannot be excluded, with possible
over/under estimation of EVD mortality. Nevertheless,
the poor performance of WHO EVD case definition is
consistent with a previous study that showed that the
WHO EVD case definition has a specificity of 36%
(thus 64% of people identified as EVD suspected have
potentially other diseases) and a sensitivity of 81% (thus
19% of patients with EVD do not meet the case defini-
tion and would be otherwise missed) [33].

Furthermore, potential misclassification of the tim-
ing of death may have occurred, but, when available, we
used medical records, clinical/contact history, informa-
tion on quarantine and contact tracing, and a calendar
of salient events to mitigate misclassification.

Two other surveys, in Freetown (Sierra Leone) and
Monrovia (Liberia), estimated CMR and EVD-
specific mortality rates covering a recall period

scarce.

GLOBAL HEALTH ACTION e 7

which overlapped with our study [34,35]. Both were
conducted with the assumption of an increase in
mortality due to the outbreak. The Freetown study
used our methodology (i.e. a two-stage population-
based cluster but with a lower predicted DEFF of 1.5)
[34]. In Monrovia, a simple random sample of tele-
phone numbers with remote interview was imple-
mented, since a two-stage population-based cluster
was deemed risky for the study team due to EVD
transmission [35]. In Freetown, the CMR was 0.52/
10,000 persons/day (95%CI: 0.29-0.76) and Ebola-
specific mortality rate 0.19/10,000 person-days (95%
CIL: 0.01-0.38) [34]. DEFF was not reported in this
study. In Monrovia, the CMR was 0.33/10,000 per-
son-days (95%CI: 0.25-0.43) and Ebola-specific mor-
tality rate 0.06/10,000 person-days (95%CIL: 0.03-
0.11) [35]. Both author groups did not discuss
whether clustering of Ebola cases might have affected
their estimates, and both attributed the low mortality
rates to improved access to care, enhanced hygiene
practices due to the outbreak and low reporting of
deaths in particular for under-5s. These factors may
also have contributed to the lower than expected
mortality seen in our study.

Methodological reflections and design
improvements

The elevated clustering of EVD cases resulted in
higher-than-expected DEFF, holding imprecise mor-
tality estimates, which had limited utility when asses-
sing the impact of EVD disease and eventually made
interpretation more difficult. The elevated DEFF in
the rural area was mainly due to the high proportion
of EVD deaths in one cluster, and the close geogra-
phical distribution of cases within clusters leading to
imprecise estimation. This problem was observed in
another previous study on EVD [21]. This is a key
limitation of the methodology used that could be
addressed by adopting the methods we use or seeking
alternative approaches.

In our study, in an attempt to mitigate the impact
of clustering and therefore the DEFF, we adapted the
within cluster sampling strategy, whereby rather than
selecting geographically clustered households, every
n™ household was selected (where n was the total
estimated household in the village/section divided
by the number of households to be included). This
was a pragmatic approach that was not sufficient to
address the issue. More sophisticated procedures,
such as spatial sampling, should be considered to
improve randomness within the cluster [36]. Apart
from using spatial sampling in retrospect, we should
have considered increasing the sample size or, with
the same sample size increase, increasing the number
of clusters and consequently reducing their size in
a bid to obtain a low DEFF [24] and/or consider
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using the variance partition coefficient to calculate
separate sample sizes according to groups that show
significantly different heterogeneities [37]. This latter
approach has been used in veterinarian epidemiology
to analyse herd-level predictors, which measures the
clustering of infection/disease for individuals with
a common risk profile (e.g. animals in the same
herd). However, all efforts to obtain better precision
have to be balanced with resources and field capacity
that can be mobilised.

Alternative methods could be a capture-recapture
approach [38], which estimates the size or prevalence
by exploring the overlaps and events not captured by
two or more independent lists, as suggested by
another study conducted in Monrovia during the
early phase of the EVD outbreak [39]. In this study,
the capture-recapture approach showed that the likely
number of EVD cases was at least three times higher
than the number officially reported [39]. Lack of
access to at least two independent EVD case lists
hampered the ability to consider a capture-recapture
and to assess the robustness of our survey estimates.

Another approach coud be a purposeful selection of
clusters guided by knowledge of the spatial distribu-
tion of the outcome, instead of using the village sam-
pling frame [40]. This method allows the investigation
of clusters with reported transmission, thus potentially
providing more robust estimates and better allocations
of resources. However, this has the limitation of giving
estimates only relevant for the purposively selected
areas (with limited application to the wider popula-
tion) or exclude areas affected but not identified as
such, or select area due to other factors (e.g. lack of
access, or unwillingness to report).

Other authors have used a snowball approach to
estimate maternal deaths [41], a method that recruits
subjects who meet the characteristics of interest who
then refer to other people with the same character-
istics, and so on, creating a ‘snowball rolling down’
effect [42]; this approach has proven to be cost-
effective to capture visceral leishmaniasis deaths
[43]. More recently, a snowball approach was pro-
posed to estimate the impact of SARS-CoV-2 trans-
missibility starting from contact networks [44].

Table 6. Challenges, proposed methods and design improvements and considerations.

Proposed alternative methods and/or

Challenges observed

improvements of two-stage cluster survey

Requisites & considerations

Selection of a large number of unaffected
clusters and households resulting in
inaccurate estimates of EVD outbreak
burden/impact

of the list of villages.

Differences in the geographical distribution
across areas that might affect DEFF and
precision of estimates

geographical variability

Consider sampling methods used in veterinary
epidemiology that use the variance partition

Consider to use surveillance list or a purposeful
selection of clusters as a sampling frame instead

Consider different selection procedures in
the second sampling stage (e.g. spacial sampling)
Increase the number of clusters to increase

Access to surveillance data.

Previous knowledge of geographical distribution
of health characteristics under investigation.
Potential limited representativeness of the results
(i.e, estimates only relevant for the purposively
selected areas).

Access to updated satellite images and field
validation of households distributions

Large logistical and human resources

Knowledge of social and epidemiological factors
(e.g. review of chain of transmission, social

coefficient (VPC), which measures the clustering of factors/traditions/coping meccanisms that could

infection/disease for individuals with a common
risk profile (e.g. animals in the same herd).

As above plus consider additional variables for

influence patterns of transmission, control
measures in place, access to care)

Sample size estimates are obtained separately for
those groups that exhibit significantly different
heterogeneity.

As above

stratification influencing DEFF: age (e.g. under 5
years olds vs 5 and over) and other social/
epidemiological parameters influencing

transmission.
Identification of EVD-affected households

Robustness of estimations

Interpretation of estimates

Involve community chiefs, community health
workers, and/or key local stakeholders to support
identification of affected EVD households.
Consider non-probabilistic methods (e.g. snowball
approach) to identify additional affected
household and use whole population as
denominator.
Consider informant method approaches to count
deaths occurring in a short recall period.
Consider to designing a capture-recapture study
using different sources (e.g. burial data, EVD
vaccination list, local key stakeholders).
Mixed-method approaches using qualitative and
quantitative data.

To be used only to replace exhaustive surveys.
Breach in confidentiality and possible increase of
stigma for affected households.

Short recall period, accurate population
estimation, along with an heterogeneous group of
key informants.

Access and/or creation of independent lists.

Require additional qualitative research skills and
resources.

Disclosure of information around circumstance of
death could be challenged, in particular for the
qualitative component.




Despite the non-stochastic sampling procedure, this
approach may be useful in some specific circum-
stances, for example, to replace exhaustive surveys
in small areas with accurate population estimates.
A similar approach, called the informant method,
that gathers information on health events from
knowledgeable individuals in the community such
as key informants’ healthcare provides, have been
evaluated by other authors to estimate real-time mor-
tality [45]. However, this approach was evaluated for
short recall periods (e.g. 30-60 days) and held results
with sensitivity below 80% when compared to the
capture-recapture method.

Finally, integrating qualitative methodologies into
existing quantitative study approaches would provide
additional crucial information (e.g. implementation
of control measures, population compliance, health-
seeking behaviour, barrier to access to care) to sup-
port interpretation of estimates. For instance, in ret-
rospect, we could have included in-depth interviews
with burial teams and households who report deaths
to complement and corroborate estimates.

In Table 6, we summarise challenges, proposed
methods or design improvements to mitigate the
limitations of surveys for highly clustered data,
along with requisites and additional considerations.

Conclusion

For humanitarian organisations, it is imperative to
document the methodological limitations of studies
and discuss the utility of estimates generated by com-
mon epidemiological tools used to quantify burdens
and needs, in order to ensure accountability with
affected populations and effective use of resources
in public health emergencies.

Our findings demonstrate a high degree of cluster-
ing in current methodologies for community-based
surveys of EVD. The empirical DEFF estimates we
provide can inform more robust study designs in
future retrospective surveys of highly clustered dis-
eases such as EVD. If vital registration and/or com-
prehensive routine surveillance is not feasible,
alternative survey designs including mixed-method
studies and increasing number of clusters would
improve the utility of information collected.
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Appendix

Table A1. Sample size estimation scenarios®.

Estimated CMR (per Desired precision Design Total population #  If 30 clusters, # HH per If 35 clusters, # HH per

Scenario 10,000/day) of CMR effect** required HH cluster cluster
1 0.5 0.5 4 1195 241 8.0 6.9
2 0.5 0.5 2 597 121 4.0 35
3 0.5 0.25 4 4779 966 322 27.6
4 0.5 0.25 2 2390 483 16.1 13.8
5 0.7 0.5 4 1673 338 11.3 9.7
6 0.7 0.5 2 836 169 5.6 4.8
7 0.7 0.25 4 6691 1352 45.1 38.6
8 0.7 0.25 3 5018 1014 33.8 29.0
9 0.7 0.25 2 3346 676 225 19.3
10 1 0.5 4 2390 483 16.1 13.8
1 1 0.5 2 1195 241 8.0 6.9
12 1 0.25 4 9559 1931 64.4 55.2
13 1 0.25 2 4779 966 322 27.6

*Constants: Recall period 280 days; household size 5.5; non-response rate 10%.

**Influenced by number of clusters selected.

Table A2. Classification of reported causes of deaths or major morbidity reported.

Causes of deaths Main reported symptoms and sign Recall period

Malaria

Convulsion
Chronic diseases

Old Age
Trauma/Accident

Death during
pregnancy or
childbirth

Neonatal death

EVD

Fever with or without other symptoms e.g.

Headache Fatigue

Convulsion

Hypertension

Stroke

Breast cancer

Age between 70 to 99 without any other reported symptoms and sign

Drown

Car accident

Maternal deaths from any cause related to pregnancy during pregnancy and childbirth
or within 42 days of termination of pregnancy, irrespective of the duration and site
of the pregnancy.

Death of a live born infant, regardless of gestational age at birth, within the first 28
completed days of life

See Box 1

From 24 May 2014 to 1 April 2015 in

From 24 May 2014 to 9 April 2015 in

the rural area (313 days)

the urbal area (321 days)
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