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Abstract

The El Nifio’s impact on the incidence and endemicity of cholera is highlighted in coastal regions of South-
Eastern Asia and inland regions of sub-Saharan Africa, namely in the eastern Democratic Republic of the Congo.
This region is also a site of recurrent armed conflicts with subsequent internally displaced persons. However,
the western DRC is sporadically affected consecutively to cholera spreading from the eastern endemic foci. We
hypothesized that El Nifio and both eastern armed conflicts and IDPs may play a central role in the spread of
cholera epidemics in the DRC. Using Binomial Regression Models, our study showed that El Nifio events were
the main predictors of cholera epidemics spreading out of eastern endemic provinces. It implies that we may be
able to provide an epidemiological tool to forecast the risk of cholera in the DRC.

Introduction

The understanding of the diffusion dynamic of emerging or re-emerging infectious diseases
remains a challenge in controlling their epidemics. Many factors are incriminated influencing the
spread of infectious diseases such as the transmissibility of the pathogen agent, the spatial structure
and the heterogeneity of the population, the human mobility and the human interaction intensity
[1-4]. The roles of demographic growth, antibiotic resistance, globalization and climatic conditions
were also established [5].

Concerning climatic factors, their impact on the dynamics of infectious diseases” outbreaks such
as cholera has been largely demonstrated [6-16]. In particular, the link between the El Nifo Southern
Oscillation (ENSO) and the seasonality of cholera has been also indicated [17-21]. ENSO is an inter-
annual climate variability pattern associated with fluctuations in sea surface temperatures and wind
strengths in the equatorial East Pacific Ocean [22]. El Nifio warm events occur, on average, every 2-7
years and impact on large scale climate patterns: droughts in South-East Asia, parts of Australia and
Southern Africa, and heavy rainfall and flooding in East Africa and South America.

Most of studies focused on ENSO’s influence on the seasonality of cholera epidemics were
performed in coastal regions of the Bay of Bengal [17-20]. In sub-Saharan context, especially in
inland regions, some evidences about the ENSO-related impact on the increased incidence of cholera
in the Great Lakes Region (GLR) [23] and East African regions [24] have also been highlighted.

The eastern Democratic Republic of the Congo (DRC), located to GLR, reports cholera outbreaks
annually. This endemicity is maintained by the presence of lacustrine areas in which cholera cases
persist during lull periods and outbreaks start and then spread to areas not yet affected [23,25,26].
Furthermore, this part of the DRC is considered as one of the most active foci of armed conflicts
in the world. During the last 20 years, these conflicts have confronted the regular army, foreign
forces, unidentified armed groups and local militias. The armed conflicts may lead consecutively
to Complex Humanitarian Emergencies (CEs), namely massive population displacements and
exposure to infectious diseases [27]. However, the western part of the DRC is sporadically affected.
A little is known about driving factors involved in that dynamic even if some authors suggest that
western cholera epidemics would be consecutive to cholera cases spreading along the Congo River
from the eastern endemic lacustrine areas [28]. Also, western outbreaks occurred during or after
years of El Nifio warm events (1994-1995, 1997-1998, 2009-2010 and 2015-2016).

The present study aimed to describe cholera outbreaks from reported cases at the Health District
(HD) level over the period 2000 to 2016and to test the role that El Nifio warm events and eastern
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armed conflicts and related-Internally Displaced Persons (IDPs) may
play in the spread of cholera epidemics in the DRC.

Material and Methods

From each HD, cholera notification data of the Ministry of Public
Health were collected at a weekly time scale from 2000 through 2016.
Based on the World Health Organization (WHO) standard case
definition, cholera cases were diagnosed as acute watery diarrhea in
a patient 5 year of age or older with or without vomiting, with an age
limit lowered to 2 years for cases associated with confirmed cholera
outbreaks [29]. Each new outbreak was confirmed through isolation
of Vibrio cholerae O1 from stool samples in culture [29].

The data on weekly number of conflicts and IDPs were extracted
from databases of the Armed Conflict Location & Event Data Project
(http://www.acleddata.com/data/) and the Office for the Coordination
of Humanitarian Affairs (http://www.ehtools.org/data/), respectively.
The formers were collected from 2000 through 2016 and the last
ones, from 2009 through 2016. Also, during our study period, the
years of occurrence and no occurrence of El Nifio warm events were
considered. For El Nifio years, the event was suggested to run from
July through June of the following year [24]. In this case, the years of
2002- 2016 were considered as El Nifo years.

The data obtained from the 515 HDs allowed to establish a
geographic information system for showing the annual geographic
distribution of cholera cases, number of conflicts and number of IDPs
across the all country. ESRI shape files were used to produce all maps.
We also tested correlation between western cholera case count and
eastern armed conflicts and between IDPs and armed conflicts.

Figure 1: Annual spatial distribution of cholera cases in the DRC,
2000-2016.

Using Generalized Linear Models (GLM) of the binomial family,
we statistically analyzed the epidemiological association between
the spread of cholera epidemics out of eastern provinces in which
endemic lake side HDs are located and El Nifio years, both eastern
armed conflicts & IDPs. Two types of model were tested: without
interaction between variables and with interaction between them. The
best model was finally selected by using the Akaike index criterion.
Computations and analyses were conducted with R version 3.3.3.

Results

Overall, from January 2000 to December 2016, a total of 368,375
cholera cases including 9,870 deaths were recorded in the DRC,
resulting in a Case Fatality Rate (CFR) of 2.7%. The spatial analysis
of cholera per year showed heterogeneities in the outbreaks’ reports
characterized by an east-central-west geographic cleavage of cholera
cases (Figure 1). In the years 2001, 2007, 2009-2010 and 2014, cholera
outbreaks were confined to the eastern part of the DRC. During years
2002-2006, 2008 and 2015, cholera outbreaks were notified both
in central and eastern DRC. In 2000, 2011-2013 and 2016 cholera
outbreaks were also reported in the west.

More than 80% of armed conflicts were reported from the eastern
provinces with cholera endemic foci: Ituri, North Kivu, South Kivu,
Tanganyika, Haut Lomami and Haut Katanga (Figure 2). Years
with exacerbation of conflicts armed in North and South Kivu were
superposable with years of cholera’s occurrence in the western DRC.
Western cholera cases were slightly correlated with eastern armed
conflicts (Pearson r = 0.23, p < 0.001).
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Figure 2: Annual spatial distribution of conflicts in the DRC, 2000-2016.
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Figure 3: Annual spatial distribution of IDPs in the DRC, 2009-2016.

As shown in Figure 3, IDPs were quasi annually unregistered
where armed conflicts were signaled, especially in the eastern part of
the DRC, even if they were weakly correlated (Pearson r = 0.19, p <
0.001). The situation of IDPs observed in the Kasai space has occurred
in the second half of 2016. It was consecutive to the Kamwina Nsapu
rebellion instigated by the Kamwina Nsapu militia against state
security forces that led to more than a million IDPs ten months later.

The HDs of non-endemic provinces located to central and
western parts of the country were affected during or following years
of El Nifio warm events, namely in 2002-2006, 2008, 2011-2013, 2015
and 2016 corresponding to El Nifio years of 2002-2007, 2009-2010
and 2015-2016 (Figure 4).

Table 1 showed that in the model with interaction between El Nifio
and eastern cholera cases associated with eastern armed conflicts and
IDPs, the risk of cholera spreading out of eastern endemic provinces
was significantly higher with the occurrence of El Nifio warm events
(odds ratio [OR] 3.3, 95% Confidence Interval [CI] 1.86-5.93) and
eastern armed conflicts (OR: 1.07, 95% CI: 1.05-1.09).
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Figure 4: El Nifio years (yellow) and evolution of the number of weekly
cholera cases from 2000 to 2016(black: Eastern endemic provinces; red:
Non-endemic provinces).

Table 1: Model parameters and Odds ratios of the binomial regression model.

Odds ratio 95% CI* p value

Intercept 0.36 0.25-0.51
El Nino 3.30 1.86-5.93 <0.05
Cases? 1.00 1.00-1.00 <0.01
Conflicts® 1.07 1.05-1.09 <0.001
IDPs* 1.00 1.00-1.00 <0.001
El Nino*Cases? 1.00 1.00-1.00 <0.05

1Cl, confidence interval; 2Cases, eastern cholera cases; 3Conflicts, eastern
armed conflicts; *IDPs, eastern IDPs; *, interaction between variables.

Discussion

The present study showed an east-central-west geographic
cleavage at national level in cholera outbreaks reported over the
period 2000 to 2016. This geographic cleavage was determined by
the dynamic process of cholera epidemics spreading from Eastern
endemic lacustrine foci. We hypothesized that El Nifio warm events
and eastern armed conflicts as well as related-IDPs may play the role
of driving factors of observed spreading dynamics.

After testing the association between the interaction E1 Niflo years-
eastern cholera cases with armed conflicts and IDPs, we found that El
Nifio years enhanced the risk of cholera epidemics spreading out of
eastern provinces with cholera endemic lakeside areas to central and
western HDs (OR: 3.3, 95% CI: 1.86-5.93). This finding confirms our
field observations reporting that western cholera outbreaks occurred
during or following El Niflo years. To our knowledge, this is the first
study that suggested the influence of El Nifio warm events on the
spread of cholera epidemics in inland Africa. Recent researches have
demonstrated that El Nifio conditions were linked with increased
number of cholera cases [23,24]. Moore et al. have specifically
highlighted changes in the geographic distribution of cholera burden
in continental East Africa with 50,000 additional cases during El Nifo
years [24]. Furthermore, these authors have shown a higher cholera
incidence with substantial heavy rainfalls during El Nifio years in East
Africa. A previous study in Uganda also found a positive association
between El Nifio rains and increase in cholera case counts [30]. In
our context, the westward spatio-temporal dynamics of cholera
spreading from eastern endemic lakeside HDs [28] is consistent with
our field observations. Indeed, flood events consecutive to heavy
rainfall occurred mainly during El Nifio years (1997-1998, 2009-2010
and 2015-2016). But, recently, no clear positive association between
cholera incidence and rainfall was reported in areas of Central Africa
with below-average rainfall during El Nino years [24]. Based on
the hypothesis of the relationship between El Nifo years, excess of
rainfall during the corresponding years and cholera in the equatorial
region of Africa [23], our field observations sustained by our findings
require further studies to explore the potential role of El Nifio warm
events on local climatic factors in cholera epidemic spreading at a
finest spatial scale.

Our results have also shown an association between eastern
armed conflicts and the spread of cholera epidemics out of eastern
endemic provinces (OR: 1.07, 95% CI: 1.05-1.09). Indeed, conflicts
situations present several risk factors that enhance transmission of
infectious diseases. In our case, the exacerbation of eastern armed
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conflicts was slightly correlated with eastern IDPs and the occurrence
of western cholera outbreaks. It would indicate that several conditions
are necessary for an armed conflict situation to father the spread of
a cholera epidemic including environmental conditions, inadequate
surveillance and response systems, destruction of infrastructures,
collapse of health systems and disruption of disease control programs
and infection control practices [27]. Also, some of the IDPs escaping
from the conflict area should be potentially infected or should move
into areas already affected by cholera [26].

Conclusion

The results of this study have mainly shown the EI Nifio’s impact
on the spread of cholera epidemics out of eastern provinces with
endemic lakeside areas. Even if there is a need for further researches to
understand the epidemiological link between EI Nino, local climatic
factors and the spread of cholera epidemics at a finest scale, our
findings imply that we may be able to provide early warning systems
to forecast the risk of cholera in the DRC. For operational field, it
could help to trigger public health preventive measures because El
Nifio events are predictable 6 to 12 months in advance.
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