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ABSTRACT

Socio-economic factors are widely believed to have been an important driver of the transmission of Ebola Virus Disease (EVD) during the West African outbreak of
2014-16, however, studies that have investigated the relationship between socio-economic status (SES) and EVD have found inconsistent results. Using nationally
representative household survey data on whether respondents knew a close friend or family member with Ebola, we explore the SES determinants of EVD exposure
along individual, household, and community lines in Liberia and Sierra Leone. While we find no overall association between household wealth and EVD exposure, we
find that pooled data mask important differences observed within countries with higher wealth households more likely to have been exposed to EVD in Sierra Leone
and the opposite relationship in Liberia. Finally, we also generally find a positive association between education and EVD exposure both at the individual and the
community levels in the full sample. There is an urgent need to better understand these relationships to examine both why the outbreak spread and to help prepare

for future outbreaks.

1. Introduction

The West African outbreak of Ebola Virus Disease (EVD) of 2014-16
was the most devastating outbreak of the virus on record with more than
28,000 cases and 11,000 deaths (World Health Organization, 2016). It is
believed that the outbreak began with a single case in a boy in rural
Guinea in late 2013, but due to a slow initial response (Grépin, 2015;
International Ebola Response Team et al., 2016), the virus spread
quickly to both rural and urban communities throughout Guinea,
Liberia, and Sierra Leone. While the outbreak was largely contained by
early 2015, it was not before it had significant economic and social ef-
fects in the heavily affected countries (Bowles, Hjort, Melvin, & Werker,
2015; World Health Organization, 2016).

Many lessons have been learned about EVD as a result of the West
African outbreak, including a much better understanding of the zoonotic
origins of the disease and the development of vaccines against the virus.
But while biology may help to explain why EVD emerged in Guinea, it is
ultimately the social, behavioral, and environmental factors that explain
why outbreaks spread and become epidemics (Heymann, 2005). Ebola
has been described as a “disease of social intimacy”, in that it is mainly
transmitted from infected patients to others through intimate social
interactions (Richards et al., 2015): to loved ones who are tasked for

caring for the sick, to front line health workers that have been tasked
with saving those fighting for their lives, and to community members
when tasked with burying the remains of those that they have lost.
Poverty has also been implicated as an important determinant of EVD
(Fallah, Skrip, Gertler, Yamin, & Galvani, 2015). However, many factors
likely contributed to the transmission of the virus in West Africa and to
date there has been little formal evaluation of these relationships. Since
the West African outbreak, three Ebola outbreaks have already been
reported in the Democratic Republic of the Congo (DRC), including one
outbreak that at the time of the writing of this article had already
become the second largest outbreak of the disease in history. A better
understanding of the determinants of EVD exposure is therefore
important not just to understand why the outbreak spread so widely and
so quickly throughout West Africa but also from the perspective of
preparing for future epidemics (Phua & Lee, 2005).

A sizeable literature has established that SES, whether it is measured
as wealth, income, or related indicators, is an important determinant of
health (Feinstein, 1993; Marmot, 2007a). In almost all cases, people or
populations of higher SES enjoy longer and healthier lives, both through
lower levels of exposure to risk factors and better ability to recover when
ill. Although the bulk of the literature has focused on high-income
countries, similar associations have also been documented in low and
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middle-income countries (LMICs), including countries in Africa
(Amouzou & Hill, 2004; Marmot, 2007b). Social epidemiologists usually
distinguish between diseases associated with relative poverty, which has
to do with a person’s comparative economic position in society, and
absolute poverty, which has to do with a person being deprived of basic
needs such as running water, sanitation systems, and adequate nutrition
(Marmot, 2005). Infectious diseases, especially those that contribute to
higher rates of child mortality in LMICs, and which help to explain much
of the gap in life expectancy observed between high-income and LMICs,
are largely believed to be associated with conditions of absolute poverty
(Marmot, 2005). Non-communicable diseases (NCDs), which are
believed to be largely caused by behavioral factors, also form along SES
gradients such that lower SES groups also develop a higher burden of
disease relative to higher SES groups. By contrast, these health gradients
are theorized to form as a consequence of greater knowledge, prestige
and power being concentrated among higher SES groups allowing them
to reduce their exposure to risk factors and to gain access to more
effective health services when ill (Link & Phelan, 1995).

However, less is known about the association between SES and the so
called emerging infectious diseases (EIDs) with epidemic potential,
including EVD but also Zika, SARS, and MERS. At the country level,
poorer countries are generally thought to have higher rates of these
diseases. EVD and Zika seem to follow this pattern as they first emerged
in low-income countries (DRC and Uganda respectively) thus supporting
the view that absolute poverty may be an important determinant of
exposure to these viruses. However, SARS and MERS were both first
detected in relatively well-off countries, Hong Kong and Saudi Arabia
respectively, suggesting a more complex relationship may exist between
SES and infectious disease exposure the population level.

One pathway that may lead to increased exposure to these diseases is
proximity to the sources of the viruses. In the case of EVD, bats are the
likely zoonotic reservoirs, which are common in sparsely populated,
forested areas of Africa (Pigott et al., 2014). For SARS, civets and bats
have been identified as likely reservoirs of the virus (Shi & Hu, 2008).
For MERS, bats and camels have been identified as zoonotic reservoirs
(Mohd, Al-Tawfiq, & Memish, 2016). Therefore, for EVD and other EIDs,
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exposure is likely related to ecological factors, such as vegetation,
elevation, temperature that bring communities into contact with the
zoonotic reservoirs and vectors of the viruses. For EVD, exposure would
likely be higher in populations and communities located poorer parts of
Africa. We illustrate this pathway, as well as additional pathways we
discuss below in a conceptual model to help conceptualize how various
SES determinants may lead to EVD exposure in Fig. 1. Increased expo-
sure may also be due to higher rates of international travel among some
relatively higher income countries, or some communities (Bogoch et al.,
2014). This explanation may help to explain why EVD eventually spread
to countries in Europe and the United States and may have played some
role in the spread of the outbreak within West Africa, including the
spread to Nigeria.

A number of studies have also explored determinants of EIDs at the
sub-national level. For example, a study from Brazil found that cases of
Zika were more common in neighborhoods in Rio that were less likely to
be connected to the municipal water source (Fuller et al., 2017). A study
of the spread of SARS in Hong Kong found a negative relationship be-
tween income and incidence rates across estates in the special admin-
istrative region (Bucchianeri, 2010). We posit that these associations
may be due to access to infrastructure or compositional effects, in which
lower wealth communities due to poorer infrastructure and over-
crowding within urban centers may be at higher risk of being exposed to
disease. In the case of EVD in West Africa, a number of studies have
found evidence to support these associations. For example, one study in
Montserrado County, a largely urban county where the Liberian capital
of Monrovia is located, found that infected individuals from low SES
areas were more likely to have more contacts and were more likely to
have been linked to secondary cases of EVD (Fallah et al., 2015).
Another study that classified sub-districts in Liberia in terms of their
social vulnerability found the sub-districts with the highest measures of
social vulnerability also had the highest number of reported cases of
EVD (Stanturf, Goodrick, Warren, Charnley, & Stegall, 2015). However,
the capital Montserrado county, which also scored low in terms of social
vulnerability, was an exception as it also had a large number of cases,
perhaps due to its larger urban population. In addition, another study
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Fig. 1. Conceptual model of pathways between SES and increased EVD exposure.
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that compared measures of population density and wealth index found
that both were positively associated with the transmission rate of the
virus at the district-level across West Africa (Krauer, Gsteiger, Low,
Hansen, & Althaus, 2016). Similarly, another study found that popula-
tion density and education, both measured at the regional-level, were
also both positively associated with epidemic size and spread across
West Africa (Valeri et al., 2016).

On the other hand, studies have also shown that communities played
an important role in the prevention, transmission and response to the
outbreak effectively containing EVD in spite of resource constraints
(Abramowitz et al., 2015). The availability of health infrastructure at the
community-level was associated with the amplification of EVD but also
played an essential role in containing the outbreak (Chowell & Nishiura,
2014; International Ebola Response Team et al., 2016). Many commu-
nities adopted innovative coping strategies to help contain the outbreak
in Liberia (Abramowitz et al., 2015). The influence or power of chief-
taincies and other local authorities may also help to explain why com-
munities in Sierra Leone were faster to take up public health control
efforts, such as bans on unsafe funeral practices and implementing local
quarantines, than in Guinea (Wilkinson & Fairhead, 2016). Therefore,
community-level factors also likely influenced why some people living
in certain areas may have had more or less exposure to the virus, how-
ever, it is less clear how these factors would vary along SES lines.

Another strand of the literature has investigated how individual or
household-level risk factors were associated with exposure to EVD
during the West African outbreak. Early in the outbreak, funerals and
transmission to health workers were important sources of exposure to
EVD, but their importance declined markedly over time, likely due to
public health efforts to improve safe burial practices and provide access
to personal protective equipment (International Ebola Response Team
etal., 2016). We might expect poorer households within communities to
be those most likely to have these more traditional practices. Studies
have also shown that the bulk of reported exposures occurred from one
family member to another, or from a close friend or neighbor (Interna-
tional Ebola Response Team et al., 2016). Therefore, people living in
larger households might be expected to be more likely to be exposed to
the virus, which is also likely associated with lower SES. Other indi-
vidual behaviors may have also influenced exposure to the illness. For
example, people in Monrovia with higher trust in government were
more likely use public health services during and immediately after the
peak of the outbreak and were more likely to comply with public health
directives (Blair, Morse, & Tsai, 2017; Morse, Grépin, Blair, & Tsai,
2016). However, it is unclear how these determinants are likely to be
associated with SES.

There is evidence that occupation may have also led some people to
be more or less exposed the virus. For example, health workers repre-
sented a disproportionately large share of total cases in the West African
outbreak, likely due to increased contact with EVD patients (Evans,
Goldstein, & Popova, 2015). Migration, especially migration from rural
to urban areas, has also been implicated in the transmission of the virus
and was also likely linked to occupation (Alexander et al., 2015). Some
of these occupations might be associated with higher SES groups while
others may be associated with lower SES, but occupation is an important
variable that should be explored as a determinant of exposure to the
virus.

Gender, which is also likely confounded by SES, also likely played an
important role in the transmission of the outbreak since gendered roles,
for example the fact that women were more likely to provide care to sick
household members than men, likely shaped exposure and care seeking
patterns (Harman, 2016). However, there is less evidence available to
substantiate gendered differences in either exposure or transmission
according to gender, during previous outbreaks of EVD, mostly due to
limited ability of gender disaggregated data on EVD cases (Nkangu,
Olatunde, & Yaya, 2017). However, it may be an important variable to
investigate in the context of EVD exposure.

There is also evidence that we might expect the relationship between
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SES and disease transmission to change as epidemics spread or mature.
Similar changes have been observed, for example, in the SES de-
terminants of HIV since it first recognized approximately 40 years ago.
While early studies of risk factors of HIV in sub-Saharan Africa initially
found a positive relationship between wealth and education and HIV
(Fox, 2012; Hargreaves et al., 2002), over time, the relationship appears
to have changed as the epidemic matured (Grépin & Bharadwaj, 2015;
Hargreaves et al., 2008; Parkhurst, 2010). There is also evidence of a
“crossover” in the relationship between SES and mortality outcomes
during the Spanish Flu outbreak in Norway during the early 20th cen-
tury (Mamelund, 2018). Taken together, these studies suggest that the
inverse relationship between SES and infectious disease outcomes in
outbreaks should not always be taken as a given and that the relation-
ship may actually be a dynamic one. We illustrate how this may happen
over time in Fig. 2. As our data were collected towards the end of the
outbreak, these dynamic relationships may shape the patterns we
observe in our data.

A common challenge plaguing all studies to date of EVD in West
Africa is the lack of population-based data on either individuals exposed
to EVD or with the virus as well as the risk factors likely associated with
EVD. Previous studies were limited to patient-level data that was
collected on cases during the outbreak, but which were only collected
from people with the diseases and only collected very limited individual-
level data on SES. In addition, data from patient-level databases have not
been made widely available to the research community, making it
challenging to even use those data to study the socio-economic de-
terminants of EVD (Helleringer, Grépin, & Noymer, 2015). Another
common challenge that faced previous studies was the lack of data on
either income or wealth of individuals exposed to EVD, and therefore
either had to rely upon geographic level estimates of wealth, which
could mask important differences in relative wealth of individuals even
within absolutely poor areas (de Alencar Ximenes et al., 2009). Even if
commonly used measures of household SES, such as the wealth index,
were available on patients, such measures are themselves only relative
measures based on distributions in a given country, which could mask
important differences in absolute wealth that may exists across countries
(Poirier, Grignon, Grépin, & Dion, 2018).

In an attempt to address the gap in the literature, this paper explores
the distribution of exposure to EVD during the outbreak in West Africa
relative to individual, household, and community measures of SES. We
use a measure of EVD exposure that is different than those explored in
previous studies, namely whether or not an individual knew a close
friend or family member who were infected by Ebola, which was
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collected in nationally representative public opinion polls conducted in
Liberia and Sierra Leone in early 2015. The findings of this study will
hopefully be able to contribute to planning against future outbreaks of
EVD and potentially inform ongoing outbreaks as well.

2. Material and methods
2.1. Data

Data on exposure to EVD, individual, household, and community
characteristics were all drawn from the 6th wave of the Afrobarometer
survey, a nationally representative household survey of public attitudes
towards governance, economic and other issues that has been conducted
in more than 30 African countries since 1999 (“Afrobarometer,” 2016).
Afrobarometer uses a clustered, stratified, multi-stage proportion
probability sampling procedure that is designed to generate samples that
are nationally representative of voting age citizens. Sampling units are
first randomly selected from national surveys, usually censuses, and
then within sampling units, households are randomly selected for
participation into the survey. In sampled households, enumerators
alternate between interviewing a voting age male or female adult within
each household in order to generate gender balance among survey re-
spondents. In the 6th round, Afrobarometer interviewed 1199 re-
spondents in Liberia and 1191 respondents in Sierra Leone, for a total of
2390 respondents.

Surveys had been planned for all three of the heavily affected
countries prior to the Ebola outbreak, but were not fielded until the
outbreaks had largely been controlled in 2015. In Sierra Leone and
Liberia, additional questions were added to the survey to ask re-
spondents about their experiences during the Ebola outbreak. Specif-
ically, in both countries the survey asked respondents “Do you know a
close friend or relative who was infected with Ebola?” with yes, no,
refused, and don’t know as potential answers. Regardless of their answer
the first question, the survey then also asked “Do you know a close friend
who died of Ebola?” with the same set of potential answers. Similar
questions were not included in Guinea and thus data from that country
were not included in this study. Field dates for the survey were May 6-
22, 2015 in Liberia and May 22- June 10, 2015 in Sierra Leone. By May
6, 2015 in Liberia almost 98% of eventual cases were already reported
(10,564 of 10,675) while by May 27, 2015 in Sierra Leone almost 90% of
eventual cases had already been reported (12,706 of 14,124) therefore
these represent time periods towards the tail end of the outbreaks in
both countries. We acknowledge that this measure of exposure to the
virus is less than ideal for the broad measurement of EVD exposure. For
example, the survey does not ask how many people the respondent knew
with the virus, or of cases of people who are not considered close friends
or family members, or ask questions on network size, all which could
allow for network-based modeling or the calculation of exposure in
additional groups of the population. We believe, however, that none-
theless the measure is useful for an exploration of the determinants of
EVD the population level given that the question was asked in the same
way across areas.

Individual-level characteristics drawn from the survey included the
age of the respondent, whether the respondent was male or female, and
the level of education completed (no formal education, some primary
education, some secondary education, and some post-secondary edu-
cation). Household-level variables were constructed in terms of whether
or not the household was located in an urban area and the number of
adults in the respondent’s household. We also used data from the
Afrobarometer to construct household and community-level wealth
indices at the sampling unit level as described below. Data on the
administrative level unit or region of the household were also obtained
from the Afrobarometer survey. There were 15 second-level adminis-
trative units in Liberia and 5 second-level administrative units in Sierra
Leone. We refer to these as regions in the rest of the paper.
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3. Methods

Dependent variable. We defined two EVD exposure variables, both
binary variables, which were defined as 1 if the survey respondent re-
ported knowing one or more close friends or family members who had
Ebola or 0 otherwise, and the second which was coded as 1 if the
respondent knew a friend who died of Ebola or 0 otherwise.

Independent variables. We constructed two measures of wealth-
related SES, one at the household-level, and the other at the
community-level, using principal component analysis (PCA) of available
assets or resources. At the household-level, the wealth index was built
based on ownership of the following assets or goods: shelter type,
roofing material, water source, toilet location, radio, television, vehicle,
mobile phone, receive remittance, always have food, always have water,
always have medications, always have fuel, and always have cash. We
first calculated the wealth index using pooled data from all households
in both Sierra Leone and Liberia after ensuring all data were coded
uniformly and then calculated the wealth index quintiles for the full
sample as well as for country-specific samples. A separate community-
level index was also constructed using the same methods and data
sources with binary (yes/no) sampling unit-level resources only, which
included: passable roads, paved roads, electricity grid, piped water,
mobile phone service, post office, school, police station, health clinic,
market stalls, bank, and public transportation. Only the first principal
component was used, and separate factor analyses of urban and rural
households were then regressed against the pooled results to obtain a
common score (Filmer & Pritchett, 2001; Rutstein & Johnson, 2004). As
arobustness check, a household index was also created using a weighted
average approach after selecting variables using Cronbach’s alpha and
item-response correlation (Anderson, 2012) but since the estimates were
similar we use the measures of SES constructed PCA methodology. In
addition, to wealth, we also examined the relationship between educa-
tional attainment and Ebola exposure at an individual and community
level. Respondents were recoded into categories of having received no
formal, at least some primary, at least some secondary, or at least some
post-secondary education. Community-level education is measured by
taking the average education level in the province or county and
dividing into three groups of equivalent size.

We also adjusted models for demographics (urban residence, age of
the respondent, the number of adults in the respondent’s household, and
gender of the respondent) as well as the region of the household. Given
that the size of the units may vary across countries, we include one
specification that includes dummy variables to control for these regions,
and one that does not. The main results are based on logistic regression
using STATA 14 (College Station, TX, USA), using survey weights,
population-weighted post-stratification across countries, and jackknife
variance estimation. The logistic regressions were run on both the full-
sample with data pooled across both countries and then separately for
each country individually.

4. Results

The summary statistics for our sample are presented in Table 1, both
for the full sample as well as for Liberia and Sierra Leone separately.
Overall, approximately 41% of the respondents in the pooled sample
knew a close friend or family member who had been infected with Ebola
and only slightly lower percentage reported knowing a close friend who
had died of Ebola (38%). A slightly higher percentage of people had
been exposed to cases of Ebola in Liberia than in Sierra Leone. Almost
exactly half of the respondents were male, which is not surprising given
the sampling strategy of the Afrobarometer survey. The sample was well
distributed in terms of ages, but was slightly older in Sierra Leone. About
half of the sample had more than a primary education, but the Liberian
sample was slightly more educated than in Sierra Leone. Households in
both countries were large (mean 6.5-6.7 adults per household). Based
on the full-sample pooled common asset score, we find that households
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Table 1
Sample summary statistics.
Pooled Sierra Leone Liberia
mean n mean n mean n
Exposure variables: Knew people
Infected with Ebola 0.41 958 0.36 416 0.46 542
Died from Ebola 0.38 874 0.34 388 0.41 486
Male respondent 0.50 1189 0.49 589 0.50 600
Age Groups
18-24 0.16 378 0.13 159 0.18 219
25-34 0.32 760 0.26 311 0.37 449
35-44 0.27 649 0.27 319 0.28 330
45+ 0.25 603 0.34 402 0.17 201
Education
No formal education 0.26 626 0.38 452 0.15 174
Some primary 0.25 251 0.21 251 0.29 353
Some secondary 0.31 328 0.28 328 0.35 416
Some post-secondary 0.17 157 0.13 157 0.20 244

Adults in household (n) 6.62 2390  6.62 1191 6.61 1199
Household asset score 0.00 2372 —0.01 1190 0.01 1182

Community Education

Avg. some primary 0.30 708 0.43 516 0.16 192
Avg. some secondary 0.49 533 0.45 533 0.53 631
Avg. some post-secondary 0.22 142 0.12 142 0.31 376

Community asset score 0.00 2278 —0.52 1191 0.56 1087
Urban 0.43 1019  0.37 443 0.48 578

Regional units

East 0.13 301 0.25 301

North 0.16 392 0.33 392

South 0.11 260 0.22 260

Western 0.10 238 0.20 238

Bomi 0.01 32 0.03 32
Bong 0.05 112 0.09 112
Gbarpolu 0.01 32 0.03 32
Grand Bassa 0.03 80 0.07 80
Grand Cape Mount 0.02 40 0.03 40
Grand Gedeh 0.02 48 0.04 48
Grand Kru 0.01 16 0.01 16
Lofa 0.04 95 0.08 95
Margibi 0.03 72 0.06 72
Maryland 0.02 40 0.03 40
Montserrado 0.17 400 0.33 400
Nimba 0.06 152 0.13 152
River Gee 0.01 24 0.02 24
Rivercess 0.01 24 0.02 24
Sinoe 0.01 32 0.03 32

in both countries were similar in terms of overall wealth, but that
communities in Liberia fared better in terms of access to community-
level resources than in Sierra Leone.

In Table 2, we present our regression results which explore the de-
terminants of Ebola exposure along individual, household, and com-
munity lines. The dependent variable in all of the specifications is a
binary variable reporting knowing at least one close friend or family
member with Ebola and the models are all estimated using logistic
regression. The first set of columns correspond to the results for the
pooled sample, while the second and third sets of columns present the
same analysis for Sierra Leone and Liberia separately. In columns 1,4,
and 7, we regress knowing a close friend or family member with Ebola
with individual and household-level factors alone. In columns 2, 5, and 8
we add community-level factors while in the last set columns in each set
we also control for region-level fixed effects.
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In the full sample, we find that after controlling for all other vari-
ables, individual-level education as well as an indicator that the
household lives in an urban area are both positively and significantly
associated with knowing a close friend or family member with Ebola.
When we use the same specification in the country-specific models,
controlling for all other variables, we find that the individual-level
educational effect is only significant in Sierra Leone and the urban ef-
fect is only significant in Liberia, although the patterns observed were
consistent across countries, but were just not significant. We also find
that the pooled sample masks important differences in the association
between household wealth and exposure at the country-level. While
there is no measurable effect in the pooled sample, after controlling for
other variables, in Sierra Leone, higher wealth index quintile households
were more likely to report knowing a close friend or family member with
Ebola, while in Liberia we get the opposite finding with higher SES
households less likely to report knowing someone with Ebola. Whether
or not the respondent was male or the number of adults in the household
had little impact on exposure in any sample. Overall age had little
impact, with the exception of older respondents in Liberia being more
likely to report knowing someone with Ebola.

We then explore whether controlling for community and region-level
factors influence these relationships by adding the average educational
levels and socio-economic status measured at the community-levels. We
find that community-level education is positively associated with Ebola
exposure but that this effect appears to be mainly concentrated in Sierra
Leone. When we control for community-level education we also reduce
the associations with individual-level measures of education, but only
slightly and it remains significant in Sierra Leone. Controlling for
community-level SES does not systematically affect our associations
between individual and household-level SES and exposure. Adding sub-
national regional fixed-effects also does not affect our observed effects,
although we do observe some regions have higher or lower propensity to
reporting knowing someone with Ebola (not shown, but available upon
request). We also replicate all of the same regression results using
knowing someone who died of Ebola, and the results are presented in
Appendix Table 2. Given the similarity in this measure with our other
dependent variable, unsurprisingly, we find nearly the exact same
pattern of associations as with knowing someone with Ebola.

We also explore the determinants of Ebola exposure in a model that
has been stratified by rural and urban populations in Appendix Table 4.
Despite the much smaller sample sizes, which makes it more difficult to
find strong associations, we also see some differences in the sub-samples.
For example, while there is no association between gender and exposure
in the full sample, we see that males were more likely to be exposed in
the rural sample but not in the urban sample.

5. Discussion

Socio-economic status, in particular poverty, has been implicated as
an important driver of the transmission of EVD during the West African
outbreak, however, previous studies have not always found consistent
results and also were not based on nationally representative data of EVD
exposure nor were they able to adequately control for individual,
household, and community-level factors, all of which might indepen-
dently help to explain exposure patterns to EVD. In this paper, we
developed a conceptual model which provided pathways through which
both high and low levels of SES might be associated with increased EVD
exposure at the population and community-levels as well as the indi-
vidual and household-levels. Data from a nationally representative
household-level survey data from Sierra Leone and Liberia, the two most
heavily affected countries during the West African outbreak, we
explored how various measures of exposure to EVD were associated with
measures of SES at different levels. We make a number of important
contributions to the literature.

First, while we find no overall association between household-level
wealth and EVD exposure, we find that within countries there are very
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Table 2
Determinants of Ebola exposure.
Pooled Sierra Leone Liberia
@™ (2) 3) “@ 5) (6) @) ®) ©)
Male 1.07 1.12 1.12 1.15 1.18 1.18 1.02 1.05 1.07
(0.91-1.27) (0.95-1.32) (0.95-1.33) (0.90-1.46) (0.92-1.51) (0.92-1.52) (0.81-1.28) (0.83-1.33) (0.84-1.36)
Age Groups (18-24 omitted)
25-34 1.08 1.02 1.00 0.87 0.89 0.89 1.35 1.28 1.22
(0.77-1.52) (0.72-1.44) (0.71-1.41) (0.52-1.46) (0.54-1.46) (0.55-1.46) (0.87-2.10) (0.80-2.07) (0.75-1.99)
35-44 1.14 1.12 1.12 0.95 1.01 1.02 1.43 1.40 1.35
(0.81-1.59) (0.78-1.60) (0.78-1.60) (0.57-1.59) (0.61-1.69) (0.62-1.68) (0.91-2.24) (0.85-2.29) (0.83-2.21)
45+ 1.22 1.30 1.25 0.88 0.96 0.94 2.38%** 2.37%%* 2.24%**
(0.89-1.67) (0.93-1.81) (0.89-1.77) (0.55-1.39) (0.60-1.53) (0.59-1.50) (1.44-3.91) (1.40-4.01) (1.28-3.93)
Education (no formal education omitted)
Some primary 0.97 0.82 0.82 0.82 0.71* 0.72 0.79 0.75 0.76
(0.71-1.32) (0.60-1.12) (0.61-1.11) (0.54-1.22) (0.47-1.06) (0.48-1.07) (0.50-1.25) (0.47-1.18) (0.48-1.20)
Some secondary 1.47%* 1.15 1.10 1.56%* 1.31 1.31 0.99 0.74 0.70
(1.07-2.02) (0.85-1.55) (0.81-1.49) (1.05-2.31) (0.87-1.96) (0.88-1.96) (0.62-1.59) (0.48-1.15) (0.43-1.15)
Some post-secondary 1.48* 1.06 1.07 1.33 1.17 1.16 1.44 0.92 0.89
(0.98-2.23) (0.70-1.60) (0.72-1.60) (0.75-2.35) (0.68-2.02) (0.67-2.00) (0.84-2.44) (0.52-1.63) (0.49-1.61)
Number of Adults in HH 1.00 1.00 1.01 1.02 1.02 1.03 0.97 0.96 0.96
(0.97-1.04) (0.96-1.04) (0.97-1.05) (0.97-1.07) (0.97-1.08) (0.98-1.08) (0.92-1.04) (0.90-1.03) (0.90-1.03)
Household SES Quintiles (lowest quintile omitted)
2 1.07 1.12 1.13 1.38 1.41 1.34 0.88 0.92 0.93
(0.75-1.53) (0.78-1.62) (0.79-1.62) (0.80-2.37) (0.80-2.49) (0.77-2.32) (0.59-1.33) (0.60-1.41) (0.59-1.47)
3 0.86 0.88 0.88 1.39 1.46 1.29 0.50%** 0.46*** 0.51%*
(0.61-1.21) (0.63-1.25) (0.60-1.27) (0.83-2.33) (0.88-2.41) (0.76-2.18) (0.32-0.77) (0.29-0.75) (0.30-0.89)
4 0.93 0.87 0.82 1.73* 1.62 1.43 0.47* 0.40%** 0.40
(0.65-1.35) (0.60-1.28) (0.57-1.18) (0.97-3.09) (0.90-2.92) (0.81-2.54) (0.30-0.74) (0.25-0.64) (0.25-0.66)
5 (High SES) 0.84 0.80 0.77 2.00%* 1.86* 1.66 0.32%** 0.31 0.33
(0.58-1.20) (0.55-1.16) (0.51-1.14) (1.12-3.58) (0.96-3.58) (0.87-3.16) (0.20-0.52) (0.19-0.52) (0.19-0.56)
Urban 1.80%** 1.35* 1.07 1.49 1.03 0.83 1.62%** 1.25 1.03
(1.32-2.45) (0.96-1.88) (0.75-1.53) (0.85-2.61) (0.53-2.03) (0.41-1.68) (1.19-2.23) (0.91-1.73) (0.70-1.51)
Community Education (avg. of some primary omitted)
Avg. some secondary 1.99%** 1.86%** 2.12%%* 2.04%** 1.21 1.17
(1.40-2.84) (1.28-2.70) (1.26-3.58) (1.21-3.43) (0.79-1.87) (0.71-1.94)
Avg. some post-secondary 2.41%** 1.95%** 1.24 1.19 2.34%** 2.07**
(1.51-3.84) (1.18-3.20) (0.49-3.17) (0.46-3.12) (1.33-4.14) (1.03-4.19)
Community SES Quintiles (lowest quintile omitted)
2 1.17 1.10 1.39 1.44 1.13 0.77
(0.78-1.74) (0.69-1.74) (0.78-2.48) (0.81-2.57) (0.70-1.80) (0.38-1.57)
3 1.62%* 1.34 2.88%* 2.81%* 0.78 0.65
(1.02-2.58) (0.76-2.37) (1.26-6.56) (1.20-6.56) (0.47-1.28) (0.32-1.33)
4 1.21 1.12 1.21 1.29 0.88 0.69
(0.73-1.99) (0.62-2.02) (0.54-2.68) (0.58-2.86) (0.54-1.45) (0.33-1.43)
5 (High SES) 1.04 1.19 1.85 1.89 0.60** 0.81
(0.66-1.65) (0.62-2.32) (0.64-5.37) (0.62-5.75) (0.36-0.99) (0.36-1.83)
Region fixed effects NO NO YES NO NO YES NO NO YES
Observations 2279 2172 2172 1135 1135 1135 1145 1039 1039

Coefficients presented are odds ratios with confidence intervals in parentheses. Logistic regression was run using survey weights provided by Afrobarometer, post-
stratified using region-level population figures, and Taylor-linearized variance estimation. Regional fixed effects are included in some models, but not shown. The
lower number of observations in some columns were due to missing data in variables that make up the community SES index. The number of observations in columns 2,
3, 8, and 9 vary due to missing data for the variables which make up the community SES index.

*

*p < 0.01, **p < 0.05, *p < 0.1.

different patterns of exposures, with higher SES households reporting
more exposure to the virus in Sierra Leone and the opposite effect in
Liberia. This finding suggests that there appears to have been different
factors driving exposure patterns in these neighboring countries during
the outbreak. It also suggests that it is too simplistic to simply assume
that poverty was an important driver of the outbreak, as it may have
been in some areas, but not others. It may also be that absolute poverty
might help explain why West Africa was particular hard hit by the
outbreak, perhaps due to its proximity to the zoonotic reservoirs of EVD,
but that relative wealth appears to be more important within countries

in explaining patterns of exposure. Given this finding, we believe there is
an urgent need to better explore these patterns, perhaps spatially or
using qualitative approaches to better understand why wealth might
have had such a differential effect in these two different countries.
Second, across our various specifications, we also find that education
of the survey respondent was consistently positively associated with
Ebola exposure overall, although the estimates were not always signif-
icant. More educated people were more likely to report knowing
someone with Ebola, even after controlling for household, community,
and regional-level factors although our associations are reduced. While
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our data do not allow us to pinpoint the reasons for this association, we
speculate that it could be that more educated people in general know
more people in their communities or may have more knowledge of the
people in their networks. Also, given that some professions, for example
health workers, were identified in other studies as having had higher
levels of exposure to EVD than the general population, it may also be
that specific jobs or occupations, which would be associated with edu-
cation levels, may have made these people more likely to come into
contact with more cases of EVD (Evans et al., 2015). Unfortunately, we
were unable to control for occupation in our analysis to further explore
this potential channel.

Third, urban households were more likely than rural households to
report higher levels of exposure of the outbreak, however, the reasons
for this association are not clear but it does not seem to be explained
simply by higher incomes in urban areas and important associations
between other SES variables persist even within the urban sample.
People in urban areas may also know more people or again know more
about the people in their network. Unfortunately, we were unable to
control for network size in our analysis but it points to the need to
control for such factors in future analyses and to collect such data in
future surveys.

While our study has helped to shed some light on the exposure pat-
terns of EVD along SES lines, it has many important limitations that must
be taken into consideration when interpreting out results. First, our
measure of EVD exposure, namely whether or not people reported
knowing a close friend or family member with Ebola or knowing
someone who died of Ebola is different from actual cases of EVD or other
ways to define exposure. Plus, this simple measure of exposure lacks
information on how many cases a person knew, or of cases that they
would not define as close friends or family members. However, if we
assume that there were approximately 25,000 cases of Ebola in the 2
countries with a combined population of approximately 13,000,000
people, then it would mean that 1 in 520 people in those countries were
actually infected with EVD. Given that in our sample, roughly 40% of
people knew a close friend or family member with Ebola, assuming
random mixing, it means that on average people must have at least 200
people in their close circle of friends or family members, which is a
plausible figure given estimates of network sizes that have been
observed in different human populations (Dunbar, 1993). Given that
cases of EVD likely clustered, we might be worried that this estimate

Appendix A. Supplementary data
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would underestimate the number of close friends and colleagues each
individual would have to have, since people who knew one case likely
knew more than one, however, on the other hand given that many of the
people who actually knew cases also died, this might bias the estimates
in the other direction since people who died did not answer the survey.
Second, we only have data from two of the most heavily affected
countries and lack data from Guinea, and therefore we cannot speculate
if our results would be consistent in that country. Third, we are
comparing data from two countries with sub-national units of different
sizes (counties vs. provinces and potentially also at the sampling unit).
These differences could also potentially affect our estimates, especially
with regards to the calculation of the community-level variables which
have been aggregated at the sampling unit-level.

6. Conclusions

The recent West African outbreak of EVD was a wake-up call to the
global health community that we need to do a better job at preventing
and mitigating the spread of infectious diseases with epidemic potential.
Knowing how the virus may spread along SES lines is one way to help
prepare for future outbreaks. Our study suggests that there is a lot that
we still do not fully understand about the way in which EVD spread
along individual, household, and community-levels but it is too
simplistic to simply assume that poorer people living in poorer com-
munities were more exposed. There is an urgent need to better under-
stand these patterns to help prepare for future infectious disease
outbreaks.
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Appendix

Appendix Table 1
Summary of variables to calculate household and community wealth indices

Pooled Sierra Leone Liberia

mean n mean n mean n
Roofing materials
Thatched 0.16 2390 0.19 1191 0.13 1199
Metal 0.79 2390 0.79 1191 0.78 1199
Other 0.05 2390 0.02 1191 0.09 1199
Water Source
In household 0.04 2390 0.01 1191 0.08 1199
On compound 0.14 2390 0.14 1191 0.14 1199
Outside compound 0.81 2390 0.85 1191 0.77 1199
Toilet Location
In household 0.11 2390 0.04 1191 0.22 1199

(continued on next page)
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Appendix Table 1 (continued)

Pooled Sierra Leone Liberia
mean n mean n mean n
On compound 0.31 2390 0.44 1191 0.13 1199
Outside compound 0.55 2390 0.50 1191 0.61 1199
No toilet 0.03 2390 0.02 1191 0.03 1199
Shelter Type
Flat in a block of flats 0.15 2390 0.19 1191 0.10 1199
Non-traditional/formal house 0.53 2390 0.51 1191 0.55 1199
Single room in a larger dwelling structure or backyard 0.04 2390 0.01 1191 0.07 1199
Temporary structure/shack 0.04 2390 0.02 1191 0.07 1199
Traditional house/hut 0.24 2390 0.26 1191 0.21 1199
Receives Remittances 0.27 2390 0.18 1191 0.41 1199
Household always has ...
Food 0.36 2390 0.42 1191 0.27 1199
Water 0.42 2390 0.52 1191 0.27 1199
Medication 0.38 2390 0.49 1191 0.22 1199
Fuel 0.58 2390 0.71 1191 0.38 1199
Cash 0.17 2390 0.21 1191 0.13 1199
Household always has ....
Radio 0.76 2386 0.71 1191 0.84 1195
vV 0.25 2378 0.19 1191 0.33 1187
Vehicle 0.14 2380 0.09 1191 0.22 1189
Mobile phone 0.71 2383 0.66 1190 0.78 1193
Community has ...
Electricity grid 0.30 2390 0.29 1191 0.31 1199
Piped water 0.23 2366 0.27 1191 0.18 1175
Cell phone service 0.85 2366 0.88 1191 0.81 1175
Post office 0.06 2358 0.01 1191 0.14 1167
School 0.87 2390 0.80 1191 0.97 1199
Police station 0.33 2382 0.24 1191 0.46 1191
Health clinic 0.59 2390 0.49 1191 0.75 1199
Market stalls 0.47 2366 0.35 1191 0.64 1175
Bank 0.16 2382 0.10 1191 0.23 1191
Public transportation 0.97 2390 0.99 1191 0.94 1199
Appendix Table 2
Regression results (know someone that died of Ebola)

Pooled Sierra Leone Liberia

1 2 3 4 5 6 7 8 9
Male 1.07 1.12 1.12 1.15 1.18 1.19 1.02 1.05 1.07

0.39 0.19 0.18 0.25 0.19 0.19 0.88 0.67 0.60
Age Groups (18-24 omitted)
25-34 1.08 1.02 1.00 0.87 0.89 0.89 1.35 1.28 1.22

0.65 0.91 0.99 0.61 0.64 0.65 0.18 0.30 0.42
35-44 1.14 1.12 1.12 0.95 1.02 1.02 1.43 1.40 1.35

0.46 0.53 0.54 0.85 0.95 0.94 0.12 0.18 0.23
45+ 1.22 1.30 1.26 0.88 0.96 0.94 2.38%* 2.37%* 2.24**

0.22 0.13 0.20 0.57 0.86 0.81 0.00 0.00 0.01
Education (no formal education omitted)
Some primary 0.97 0.82 0.82 0.82 0.71* 0.72 0.79 0.75 0.76

0.83 0.21 0.19 0.32 0.09 0.11 0.31 0.21 0.24
Some secondary 1.47** 1.15 1.10 1.56** 1.31 1.31 0.99 0.74 0.70

0.02 0.37 0.54 0.03 0.19 0.18 0.97 0.18 0.16
Some post-secondary 1.48* 1.06 1.07 1.33 1.17 1.16 1.44 0.92 0.89

0.06 0.78 0.74 0.32 0.58 0.59 0.18 0.77 0.70
Number of Adults in HH 1.00 1.00 1.01 1.02 1.02 1.03 0.97 0.96 0.96

0.82 0.88 0.58 0.49 0.36 0.23 0.40 0.24 0.23
HH SES Quintiles (lowest quintile omitted)
2 1.07 1.12 1.13 1.38 1.41 1.34 0.89 0.92 0.93

0.69 0.53 0.51 0.24 0.23 0.30 0.56 0.70 0.76
3 0.86 0.88 0.88 1.39 1.46 1.29 0.50** 0.47%** 0.51%**

0.37 0.48 0.48 0.21 0.14 0.34 0.00 0.00 0.02

(continued on next page)
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Appendix Table 2 (continued)

Pooled Sierra Leone Liberia
1 2 3 4 5 6 7 8 9
4 0.93 0.87 0.82 1.73* 1.62 1.43 0.47** 0.40%* 0.40%**
0.72 0.49 0.28 0.06 0.11 0.21 0.00 0.00 0.00
5 (High SES) 0.84 0.80 0.77 2.00%* 1.86* 1.66 0.32%* 0.31%* 0.33%*
0.34 0.23 0.19 0.02 0.06 0.13 0.00 0.00 0.00
Urban 1.80%* 1.35% 1.07 1.49 2.12%* 2.04%* 1.63** 1.21 1.17
0.00 0.08 0.72 0.16 0.00 0.01 0.00 0.38 0.54

Community Education (avg. of some primary omitted)

Avg. some secondary 1.99%* 1.86** 1.24 1.19 2.34** 2.07**
0.00 0.00 0.65 0.72 0.00 0.04

Avg. some post-secondary 2.41%* 1.95%* 1.39 1.44 1.13 0.78
0.00 0.01 0.26 0.21 0.62 0.48

Community SES Quintiles (lowest quintile omitted)

2 1.17 1.10 2.88%* 2.81%* 0.78 0.65
0.45 0.70 0.01 0.02 0.32 0.24
3 1.62%* 1.34 1.21 1.29 0.88 0.69
0.04 0.31 0.64 0.53 0.62 0.31
4 1.21 1.12 1.85 1.89 0.60** 0.81
0.46 0.71 0.26 0.26 0.05 0.61
5 (High SES) 1.04 1.20 1.03 0.83 1.26 1.03
0.85 0.60 0.93 0.61 0.16 0.90

Sierra Leone (Eastern omitted in country-specific regresson)

Eastern 0.59
0.18
Northern 0.58 1.03
0.14 0.93
Southern 0.48** 0.83
0.03 0.60
Western 1.23 1.68
0.60 0.16

Liberia (Bomi omitted)

Bong 0.69 0.93
0.29 0.82
Gbarpolu 0.49 0.37*
0.31 0.08
Grand Bassa 0.18** 0.30%*
0.00 0.01
Grand Cape Mount 0.87 1.00
0.80 1.00
Grand Gedeh 0.76 1.16
0.50 0.75
Grand Kru 1.80 2.58%*
0.18 0.03
Lofa 0.81 0.98
0.62 0.95
Margibi 0.70 0.78
0.39 0.57
Maryland 1.09 1.89
0.84 0.11
Montserrado 0.94 1.39
0.87 0.37
Nimba 0.51 0.59
0.16 0.26
River Gee 2.02* 2.49%*
0.05 0.02
Rivercess 0.53 0.68
0.11 0.37
Sinoe 1.04 1.33
0.92 0.55
Observations 2184 2184 2184 1140 1140 1140 1151 1151 1151

P-values are presented in parenthesis. Logistic regression was run using survey weights provided by Afrobarometer, post-stratified using province- and county-specific
population figures, and Taylor-linearized variance estimation.
Notes: p-value in parenthesis, p < 0.05* p < 0.01**.



K.A. Grépin et al.

Appendix Table 3

Summary statistics according to exposure to Ebola

SSM - Population Health 10 (2020) 100472

Know someone who was infected with Ebola

Know someone who died of Ebola

mean N mean N
Male 0.42 1162 0.39 1152
Female 0.40 1160 0.37 1159
Age Groups
18-24 0.41 360 0.36 360
25-34 0.43 737 0.39 732
35-44 0.42 638 0.38 634
45+ 0.39 587 0.37 585
Education
No formal education 0.34 604 0.31 600
Some primary 0.36 585 0.34 588
Some secondary 0.47 724 0.42 717
Some post-secondary 0.51 396 0.47 393
Adults in household (n)
1-4 adults 0.38 521 0.37 518
5-7 adults 0.42 1083 0.37 1078
8 + adults 0.43 718 0.39 715
HH SES quintile
1 0.39 459 0.36 458
2 0.42 461 0.40 461
3 0.38 463 0.33 459
4 0.41 458 0.38 456
5 0.46 462 0.41 458
Community Education
Avg. some primary 0.29 681 0.26 679
Avg. some secondary 0.44 1133 0.40 1131
Avg. some post-secondary 0.52 508 0.49 501
Community SES quintile
1 0.34 443 0.30 441
2 0.40 442 0.36 443
3 0.48 438 0.44 436
4 0.44 442 0.41 440
5 0.42 447 0.40 440
Urban 0.49 995 0.46 988
Rural 0.36 1327 0.32 1323
Regions
East 0.41 284 0.36 283
North 0.28 376 0.27 375
South 0.31 253 0.29 250
Western 0.50 229 0.49 229
Bomi 0.41 32 0.41 32
Bong 0.49 109 0.38 110
Gbarpolu 0.40 30 0.26 31
Grand Bassa 0.15 79 0.15 79
Grand Cape Mount 0.59 39 0.55 38
Grand Gedeh 0.48 48 0.46 48
Grand Kru 0.73 15 0.69 16
Lofa 0.35 94 0.31 93
Margibi 0.41 71 0.40 70
Maryland 0.54 39 0.53 38
Montserrado 0.56 396 0.52 391
Nimba 0.28 149 0.23 149
River Gee 0.74 23 0.61 23
Rivercess 0.33 24 0.29 24
Sinoe 0.69 32 0.63 32

Figures are simple means and numbers (n) of survey respondents in each variable group.
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