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Background. Our understanding of the different effects of targeted versus nontargeted violence on Ebola virus (EBOV) trans-
mission in Democratic Republic of the Congo (DRC) is limited.

Methods. We used time-series data of case counts to compare individuals in Ebola-affected health zones in DRC, April 2018–
August 2019. Exposure was number of violent events per health zone, categorized into Ebola-targeted or Ebola-untargeted, and into 
civilian-induced, (para)military/political, or protests. Outcome was estimated daily reproduction number (Rt) by health zone. We fit 
linear time-series regression to model the relationship.

Results. Average Rt was 1.06 (95% confidence interval [CI], 1.02–1.11). A mean of 2.92 violent events resulted in cumulative 
absolute increase in Rt of 0.10 (95% CI, .05–.15). More violent events increased EBOV transmission (P = .03). Considering violent 
events in the 95th percentile over a 21-day interval and its relative impact on Rt, Ebola-targeted events corresponded to Rt of 1.52 
(95% CI, 1.30–1.74), while civilian-induced events corresponded to Rt of 1.43 (95% CI, 1.21–1.35). Untargeted events corresponded 
to Rt of 1.18 (95% CI, 1.02–1.35); among these, militia/political or ville morte events increased transmission.

Conclusions. Ebola-targeted violence, primarily driven by civilian-induced events, had the largest impact on EBOV transmission.
Keywords.  Ebola virus disease; violence; transmission; Democratic Republic of the Congo; Africa.

Of the more than 36 recorded Ebola virus disease (EVD) out-
breaks globally [1], the current 2018–2020 outbreak in eastern 
Democratic Republic of the Congo (DRC) is the first to occur in 
an active conflict zone, where responders have faced both wide-
spread violence and active community resistance targeting their 
efforts [2]. Although social resistance has been present in prior 
EVD outbreaks [3–6], violent events have been rare and not 
considered a significant impediment to Ebola responses. The 
current DRC outbreak, as World Health Organization (WHO) 

Director-General Dr Tedros Adhanom Ghebreyesus describes, 
is different: “We’re not just fighting Ebola virus; we’re fighting 
insecurity, violence, misinformation, mistrust, and the politici-
zation of an outbreak” [7].

Since Wannier and colleagues first estimated the impact of 
violent events on Ebola virus (EBOV) transmission in eastern 
DRC [8], other groups have further characterized the effects of 
violence through specific event analyses and interviews [9–11]. 
Beyond this descriptive work, there has yet to be any research that 
explores the impact of different types of violent events on EBOV 
transmission, and specifically whether violence that directly tar-
gets Ebola response efforts may impact transmission differently 
than violence not targeted towards the Ebola response.

There are several potential ways in which both targeted 
and untargeted violence against Ebola response efforts can 
increase EBOV transmission. Targeted violent events can di-
rectly interfere with the overall response effort by injuring 
health care workers, damaging Ebola treatment facilities, and 
grounding staff, which affects epidemiological and other re-
sponse activities, including safe burials and vaccination. 
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EBOV transmission can also increase through untargeted vi-
olent events such as the murder of civilians by armed groups, 
uprisings from political campaigns and elections, and ville 
morte events, where an entire city is forcibly shut down for 
several days in protest and, often, commemoration of mur-
dered victims. As a result of violence, EBOV-infected indi-
viduals remain in the community and become increasingly 
viremic, which places community members (the primary 
caregivers) at greater risk of acquiring EVD [12, 13].

The current outbreak is occurring in the context of entrenched 
conflict involving multiple armed groups, divisive national elec-
tions, and community distrust of the Ebola response effort, phe-
nomena which have their roots in (neo)colonial aggression [14, 
15]. Attacks by and between armed groups, political protests, 
and violence against Ebola containment teams and facilities 
have occurred frequently and have been disruptive to response 
efforts, which then  contributes to increased EBOV  transmis-
sion [2, 16–21]. Because events directed against Ebola response 
efforts have the potential to create large and long-lasting dis-
ruptions, we hypothesized that there is the largest increase in 
EBOV  transmission from Ebola-targeted violent events as 
compared to Ebola-untargeted events. In order to eventually 
model the distal, historical determinants of EBOV transmission 
dynamics, we must begin at the end: with an understanding of 
the differential effects of path dependent violence as a proximal 
determinant of increased transmission.

METHODS

Study Design, Setting, and Participants

The 2018–2020 EVD outbreak in eastern DRC was officially de-
clared on 1 August 2018 (although it most likely started earlier 
in May 2018), and, as of 5 August 2019, it had affected 26 health 
zones in the North Kivu, South Kivu, and Ituri provinces of 
DRC. Our target population included individuals who live in 
health zones (ie, subprovincial geographic units of health ad-
ministration, equivalent to what are called health districts in 
other countries [22]) where there had been at least 1 confirmed 
or probable EVD case associated with the current outbreak from 
April 2018 to August 2019. The study base was a dynamic and 
open cohort, meaning that participants moved freely between 
the defined geographic areas that were affected by the outbreak. 
We had access to 3 independent data sources, each of which 
measured the exposure or outcome variable at the health-zone 
level during the study period (details below).

Measurement

The outcome was the daily estimated reproduction number 
(Rt). The reproduction number is the expected number of cases 
generated by a single case at time point (t) after the index case at 
the start of the epidemic. It is similar to the idea of a basic repro-
duction number, R0, but loosens the standard requirements that 
it is the expected number of cases at the outset of an epidemic 

in a completely susceptible population. For an outbreak to per-
sist, the reproduction number needs to meet or exceed 1.0, the 
epidemic threshold of 1 additional case per infected person. 
The DRC Ministry of Health produces daily situation reports of 
incident EVD cases. These were used to collect data for the fol-
lowing geographic levels: overall outbreak area, province, and 
health zone. For each case, we collected data on date of case 
report and diagnosis classification (reported as probable or 
confirmed). These daily case counts were summed on a weekly 
basis and confirmed with the weekly WHO situation reports.

We then calculated the daily Rt, using the Wallinga-Teunis 
method. Briefly, this allows for a likelihood-based estimate of R 
using pairs of cases rather than the entire infection network. We 
assumed a γ-distributed serial interval with a mean of 14.5 days 
(standard deviation of 5  days) [23]. The EVD case counts by 
day (d) are then used to infer the reproduction number for each 
case by weighting each potential transmission link by the den-
sity of the serial interval. We estimated the initial reproduction 
number (R0) and subsequently updated date of case report for 
each EVD case to calculate daily Rt = R0 e

−td. More details can be 
found elsewhere [24, 25].

The time-varying exposure was the number of violent events 
occurring in a health zone over the specified time period. The 
Armed Conflict Location and Event Data Project (ACLED) is a 
US-based nonprofit organization that aggregates data for all coun-
tries in the world related to political violence, protest, conflict, and 
other violent events that are reported by a wide range of sources 
(websites such as Kivu Security Tracker, mobile apps such as 
Twitter, local and international media such as radio or television, 
and more) [26, 27]. We extracted data from the ACLED database 
and organized them to include the following variables: event date, 
event type, subevent type, actor, country, province, health zone, 
GPS coordinates, fatalities, original reporting source, time stamp, 
and text-string of event description. A violent event was defined 
by the ACLED database. We excluded events that were not po-
tentially disruptive to the Ebola response (eg, voluntary repatri-
ation, signed treaties, public speeches). We cross-referenced and 
classified the violent event GPS coordinates into the health zones 
where they occurred [28]. In addition, we created a database of 
violent events described in the WHO situation reports and cross-
referenced these data with our ACLED database to ensure the rep-
resentativeness of the sample [2, 26]. We collected these data from 
2 independent data sources in order to obtain a comprehensive 
and representative sample of violent events.

Data were publicly available and deidentified, so ethics 
committee approval was not needed.

Statistical Analysis

We calculated the daily Rt as a continuous variable for the 
overall outbreak and by health zone. We also calculated the 
daily number of violent events as an ordinal variable that oc-
curred in the overall outbreak area and by health zone; these 
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geographic units were the first of 3 hierarchical exposure levels 
used in our analyses. For the second exposure level, we categor-
ized the events into either Ebola-targeted or Ebola-untargeted, 
creating 2 exposure variables. These categories were created 
by searching through the violent event descriptions for key 
words and phrases indicating a direct relationship to the Ebola 
response (words such as Ebola, treatment center, EVD, Ebola 
virus [EBOV], Ebola Treatment Centers [ETC], Centres de 
Traitement d’Ebola [CTE], health care worker [HCW], etc. as 
well as common alternate or misspellings of these terms). Given 
that every violent event was also described by a subevent type, 
we further categorized each event within the Ebola-targeted 
and Ebola-untargeted categories into subcategories, which 
formed 3 exposure variables (and our third exposure level): 
(1) civilian involvement, (2) (para)military or political, and 
(3) protests. These were defined as follows: Ebola-targeted 
were those targeting the Ebola response efforts (eg, violence 
targeting treatment centers, Ebola funerals, relief workers, or 
Ebola victims); Ebola-untargeted events were not directly re-
lated to Ebola response efforts. The subdivisions were defined 
as follows: (1) militia or political were those involving the mil-
itary, armed groups, or political conflict (eg, battles or con-
flicts between armed groups, seizure of weapons, retaking or 
forceful occupation of land, conflicts between long-standing 
ethnic or political violence); (2) civilian involvement were those 
involving civilians (occupation of villages, civilian-led violence 
against Ebola efforts, local rapes and murders, forced labor, mi-
litia violence targeting civilians motivated to cause fear); and 
(3) protests (ville morte protests and Ebola-related protests by 
health care workers were grouped separately). The coding for 
categorization of each exposure was independently reviewed by 
2 coauthors  (J.D.K. and S.R.W.). For each exposure level and 
associated exposure variables, we calculated the daily number 
of violent events that occurred by health zone. We generated 
our time-varying exposure to violence variable by counting the 
number of daily events reported in an interval of 7, 14, 21, 28, 
or 35 days prior to disease onset.

We fit linear time-series regression using multiple linear regres-
sion models to assess the relationship between the time-varying 
violence variable and outcome (Rt). To adjust for autocorrela-
tion in the time series, we performed a block time-series boot-
strap (block size = 7 days) to adjust the standard errors of the 
estimates for each specified time period. We fit an unadjusted 
model for each hierarchical exposure category (overall, 2 Ebola-
targeted categorizations, 3 further subtype categorizations) and 
for each of the 5 intervals of violence exposure. We then per-
formed adjusted analyses estimating the impact of each categori-
zation, while including as a covariate all other reported events at 
the same hierarchical level. For example, to estimate the adjusted 
effect of the Ebola-targeted category, we fit a model with both 
Ebola-targeted and Ebola-untargeted as covariates. We repeated 
this procedure at the subcategory exposure level. We then ran a 

Bartels trend test to assess the linearity of the relationship be-
tween number of events and EBOV transmission. In addition, 
we ran sensitivity analyses with a range of transmission-mixing 
parameters (ω = 0.0–1.0, where 0.0 indicated no mixing between 
health zones and 1.0 indicated perfect mixing across all health 
zones) (Supplementary Figure 1) but used a mixing parameter 
of ω = 0.3 as the best fit parameter based on transmission dy-
namics and in consultation with local experts. We also ran a 
sensitivity analysis that excluded WHO-cited violent events that 
did not overlap with the ACLED dataset (Supplementary Figure 
2). We considered a P value of < .05 as statistically significant. 
Analyses were conducted in the statistical software R 3.5.3 (R 
Foundation for Statistical Computing).

RESULTS

As of 5 August 2019, there were 2774 probable and confirmed 
EVD cases reported across 3 provinces and 26 health zones in 
northeastern DRC [2]. The daily Rt by health zone is shown 
in Supplementary Figure 3. Over this time period, there were 
656 violent events. Sixty-two were Ebola-targeted while 594 
were not targeted towards Ebola. Violent events were generally 
concentrated in the most eastern part of the outbreak-affected 
health zones, which tended to coincide with zones reporting 
high concentrations of EVD cases (Figure  1). Each case was 
affected by a mean of 2.92 violent events in the past 21  days 
(range, 0–16; interquartile range, 1–5). The average Rt (Ebola 
virus transmission rate) was 1.06 (95% confidence interval [CI], 
1.02–1.11). The effect of each violent event over 21 days on Rt 
was to increase it by 0.04 (95% CI, .02–.05). This effect was 
larger among Ebola-targeted events and similar among Ebola-
untargeted events (Figure 2).

Among the Ebola-targeted events, 42 involved civilians (eg, 
attacks on health workers or funerals), 9 were military or po-
litically related (eg, actions taken by militias against ETCs to 
terrorize communities), and 11 included peaceful protests (eg, 
health care workers striking for hazard pay, communities de-
manding a stronger Ebola response). Ebola-targeted events cor-
responded to a relative increase in Rt of 1.52 (95% CI, 1.30–1.74) 
at 21 days. Considering subcategorized violent events, targeted 
events by civilians towards the Ebola response corresponded 
to a relative increase in Rt of 1.43 (95% CI, 1.21–1.35). Other 
subcategorized violent events were not statistically significant.

Among the events not targeted towards the Ebola response, 
358 were by civilians (eg, looting, mass displacement, forced 
labor, rape, murdered civilians), 218 were by the military or 
related to politics (eg, battles between armed groups), and 18 
were due to protests, including ville morte events (eg, a general 
blockade of town activity). While there were more reported 
events not directly targeting Ebola response efforts, they had 
a smaller impact, corresponding to a relative increase in Rt of 
1.18 (95% CI, 1.02–1.35). Untargeted events connected to the 
milita/politics or ville morte (protests) had a smaller impact. 

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa163#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa163#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa163#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiaa163#supplementary-data
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The relative increase in Rt was 1.18 when there were at least 4 
milita or politics events (95% CI, .98–1.37). Ville morte events 
were also associated with an increased Rt (1.13 for at least 2 
events; 95% CI, .96–1.15).

These findings were consistent when aggregated by subcate-
gory, regardless of the illustrated percentile (Figure 3). It should 
be noted that the time period used to capture the effect of vio-
lent events impacted the findings for some categories. As demon-
strated in Figure 3, shorter periods generally had wider confidence 

intervals, some of which crossed zero. We chose to focus on the 
21-day period because it was longer than a serial interval and was 
therefore better suited to capture transmission changes.

A mean of 2.92 violent events resulted in a cumulative absolute 
increase in Rt of 0.10 (95% CI, .06–.15). More violent events were 
associated with increased EBOV transmission (trend test, P = .03). 
These cumulative effects of a growing number of violent events 
can be more dramatic and rather meaningful. Over one 21-day in-
terval, for example, 16 events occurred and corresponded with a 

Map of  current Ebola outbreak
and violent events as of  August 5, 2019

Conflict events
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Figure 1. Map of Ebola virus disease cases and potentially disruptive events by health zone.
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relative increase in Rt of 1.60 (95% CI, 1.34–1.85). We considered 
the number of violent events over all 21-day intervals by a range of 
percentiles and evaluated its relative impact on Rt. We illustrate the 
number of events and relative increases in Rt occurring in the 95th 
percentile of reported events (see Table 1 for full details).

DISCUSSION

In this analysis, we have attempted to more precisely identify 
the different effects of Ebola-targeted versus Ebola-untargeted 

violence on subsequent EBOV transmission in the current 
outbreak in the eastern DRC. Ebola-targeted violence had the 
largest impact on EBOV transmission, and this effect was pri-
marily driven by civilian-induced violence. Untargeted violence 
also had an impact, though it was smaller than targeted vio-
lence; the greatest effect of untargeted violence on transmission 
was due to (para)military, political demonstrations, and ville 
morte events. The cumulative effect of violent events can have 
devastating consequences on transmission, as we observed 
when 16 events over a 21-day interval increased EBOV trans-
mission by 60%. 

There are several mechanisms through which violence may 
exacerbate EBOV transmission, including the interruption of 
contact tracing, reduction of the uptake as well as timeliness 
of vaccination, decrease in care-seeking behavior or late pres-
entation to treatment centers, impeded movement in and out 
of areas, and the violence against Ebola responders that can 
lead to their evacuation (and thus disruption of the vital care 
they provide)—all of which were observed by the senior au-
thor (E. T.  R.), a physician-anthropologist who worked as an 
Ebola case management consultant for the WHO in North 
Kivu. However, these impacts may differ based on the type of 
violent event. Violence that directly targets Ebola treatment 
centers (or ETCs), such as the burning of ETCs, likely have an 
outsized negative impact on Ebola treatment and vaccination 
and possibly decrease care-seeking behavior as people may be-
come fearful of being transferred to centers that are targeted for 
violence. Other violent events such as the disruption of funerals 
and other culturally sensitive activities of Ebola-infected people 
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Figure 2. Associations per event of potentially disruptive events with the daily 
estimated reproduction (Rt) number for the outbreak and based on being targeted or 
not targeted towards the Ebola response.

Decrease No change Increase

non-Ebola–targeted
civilian-induced conflict

Ville morte

non-Ebola–targeted
militia or political conflict

Ebola-targeted
civilian-induced conflict

Ebola-targeted protests

Ebola-targeted
militia or political conflict

−0.2 −0.1 0.0 0.1 0.2 0.3
Change in estimated R per conflict event

Duration of
e�ect window
(days)

35
28
21
14
7

Figure 3. Associations per event of potentially disruptive events with the daily estimated reproduction (Rt) number for the subcategorizations targeted and not targeted 
towards the Ebola response.
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represented challenges with community acceptance of response 
efforts, reducing the effectiveness of interventions. Political, 
(para)military, and other untargeted violence may act primarily 
through mechanisms associated with instability, for instance by 
causing displacement of communities, interrupting vaccina-
tion efforts, and reducing the ability of aid workers to effectively 
identify, isolate, and trace cases and to vaccinate contacts. In 
addition, attacks on civilians by armed groups reduces trust in 
the United Nations and DRC forces mobilized to protect them, 
mistrust which extends to Ebola containment efforts [29]. Ville 
morte and other untargeted events have been documented to 
completely interrupt vaccination and contact tracing efforts for 
several days, which may impact the timeliness and efficacy of 
such control efforts [30, 31]. Mediation analyses are needed to 
identify which of these mechanisms of violence impact EBOV 
transmission.

There are several limitations of this analysis. First, we rely 
upon EVD case report data, which almost certainly has incom-
plete ascertainment [30, 31]. We assume that cases are missing 
in an unbiased way across time, but, if they are missing in a 
nonrandom way across health zones or time, this may have bi-
ased our results. However, it is likely that cases are more often 
unreported in regions with the greatest instability and un-
rest, which would likely have the effect of biasing our results 
toward the null if the underreporting in these areas was high 
enough. In general, EVD outbreaks have a high level of regional 

heterogeneity and stochasticity, which make attempts to analyze 
them difficult. Though we have made efforts to conceptually de-
fine and categorize violent and potentially disruptive events, 
conflict settings are inherently chaotic and complex. The nature, 
causes, and motivations of these events, as well as their magni-
tude and breadth of impact, may vary greatly. We were able to 
analyze cases, and thus conflict, at only the health zone level, 
and so there is a possibility that violent events could be some-
what spatially removed from the active areas of EBOV trans-
mission. Our measures of violent events are dependent upon 
the events being reported, and it is very likely that many violent 
events occur in these areas that go unreported. To limit missing 
events, we compared events reported in the WHO situation 
reports against events reported in the ACLED database. The 
WHO situation reports, however, did not offer a comprehen-
sive list of violent events, so we were only able to spot-check the 
ACLED database. Unmeasured common causes and determin-
ants of violence may also be impacting transmission in ways not 
considered in this analysis.

Meaningful and effective interventions to increase accept-
ance of EVD treatment and control efforts must consider the 
sociopolitical determinants of conflict in the region [32–35]. 
Indeed, many of the violent events in eastern DRC have their 
roots in more distal yet critically important histories, including 
colonialism [36], purposeful underdevelopment [37–39], Cold 
War client support [35], structural adjustment [40], and illicit 

Table 1. The Number of Events and Associated Relative Increases in Rt in Each Percentile of Reported Events 

Percentile Ebola-Targeted Ebola-Untargeted EBOV Civilian Induced Non-EBOV Militia/Political Non-EBOV Ville Morte

50th percentile      

 No. events in the  
past 21 days

0 1 0 1 0

 Relative change in R  
(95% CI)

Ref 1.02 (1.00–1.04) Ref 1.04 (1.00–1.09) Ref

75th percentile      

 No. events in the past  
21 days

1 3 1 2 0

 Relative change in R  
(95% CI)

1.10 (1.06–1.15) 1.07 (1.01–1.13) 1.14 (1.07–1.21) 1.09 (.99–1.19) Ref

90th percentile      

 No. events in the past  
21 days

3 6 2 3 1

 Relative change in R 
 (95% CI)

1.31 (1.18–1.44) 1.14 (1.01–1.26) 1.28 (1.14–1.43) 1.13 (.99–1.28) 1.07 (.98–1.15)

95th percentile      

 No. events in the past  
21 days

5 8 3 4 2

 Relative change in R  
(95% CI)

1.52 (1.30–1.74) 1.18 (1.02–1.35) 1.43 (1.21–1.64) 1.18 (.98–1.37) 1.13 (.96–1.31)

98th percentile      

 No. events in the past  
21 days

6 10 3 5 4

 Relative change in R  
(95% CI)

1.62 (1.36–1.89) 1.23 (1.02–1.44) 1.43 (1.21–1.64) 1.22 (.98–1.46) 1.26 (.91–1.61)

Effects for the Ebola-targeted and Ebola-untargeted events are given, as well as statistically significant subgroupings.

Abbreviations: CI, confidence interval; EBOV, Ebola virus; R, reproduction number; Ref, reference.
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financial flows [41]. As such, our future goal is to develop 
models that incorporate more of the structural features—which 
have substantial but, as yet, understudied impacts on disease 
transmission—of the geopolitical and social landscape in which 
EVD epidemics occur [42].

The current outbreak in eastern DRC is the first time that 
an EVD outbreak has occurred in an active conflict zone and, 
thus, creates many difficulties and unique challenges for EVD 
response and control [43–45]. Previous work has focused 
largely on problems of community disbelief and mistrust of 
EVD-response efforts [46]. The types of violence that we iden-
tified may have a role in subsequent outbreaks because this is 
not likely to be the last time that a disease outbreak occurs in 
a high-conflict setting where there are challenges to providing 
timely and effective care to afflicted communities. 

At the time of this writing, the overall Rt in this current out-
break hovers around 1, indicating that it is near the threshold 
for fade-out. Thus, this study further underlines how even small 
changes in transmission can have significant negative impacts 
upon controlling transmission. Increased violent events in 
December 2019 and subsequent transmission flareups under-
score the ramifications of this study’s findings. Under these cir-
cumstances, EVD has the potential to smolder along or become 
an endemic disease, and until appropriate strategies are devel-
oped and implemented to protect health workers, allay conflict 
and insecurity, protect civilians, and rebuild trust by repairing 
past injustice, many scholars predict this outbreak may con-
tinue for the foreseeable future while Ebola responders struggle 
to contain it. A broader understanding of historical determin-
ants may be required to stop this outbreak and prevent further 
ones.
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