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Abstract 

Background  The Democratic Republic of the Congo (DRC) implemented the first strategic Multisectoral Cholera Elimi-
nation Plan (MCEP) in 2008–2012. Two subsequent MCEPs have since been implemented covering the periods 2013–
2017 and 2018–2021. The current study aimed to assess the spatiotemporal dynamics of cholera over the recent 
22-year period to determine the impact of the MCEPs on cholera epidemics, establish lessons learned and provide 
an evidence-based foundation to improve the implementation of the next MCEP (2023–2027).

Methods  In this cross-sectional study, secondary weekly epidemiological cholera data covering the 2000–2021 
period was extracted from the DRC Ministry of Health surveillance databases. The data series was divided into four 
periods: pre-MCEP 2003–2007 (pre-MCEP), first MCEP (MCEP-1), second MCEP (MCEP-2) and third MCEP (MCEP-3). 
For each period, we assessed the overall cholera profiles and seasonal patterns. We analyzed the spatial dynamics 
and identified cholera risk clusters at the province level. We also assessed the evolution of cholera sanctuary zones 
identified during each period.

Results  During the 2000–2021 period, the DRC recorded 520,024 suspected cases and 12,561 deaths. The endemic 
provinces remain the most affected with more than 75% of cases, five of the six endemic provinces were identified 
as risk clusters during each MCEP period (North Kivu, South Kivu, Tanganyika, Haut-Lomami and Haut-Katanga). Sev-
eral health zones were identified as cholera sanctuary zones during the study period: 14 health zones during MCEP-1, 
14 health zones during MCEP-2 and 29 health zones during MCEP-3. Over the course of the study period, seasonal 
cholera patterns remained constant, with one peak during the dry season and one peak during the rainy season.

Conclusion  Despite the implementation of three MCEPs, the cholera context in the DRC remains largely unchanged 
since the pre-MCEP period. To better orient cholera elimination activities, the method used to classify priority health 
zones should be optimized by analyzing epidemiological; water, sanitation and hygiene; socio-economic; envi-
ronmental and health indicators at the local level. Improvements should also be made regarding the implementa-
tion of the MCEP, reporting of funded activities and surveillance of cholera cases. Additional studies should aim 
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Background
Cholera is a highly contagious diarrheal disease caused 
by toxigenic strains of Vibrio cholerae serogroups O1 
and O139 [1]. The disease is primarily contracted by 
ingesting water or food contaminated with the bac-
terium. Cholera symptoms include diarrhea, some-
times accompanied by vomiting, which occurs within 
hours to five days after infection [2]. Without treat-
ment, acute dehydration induced by the disease results 
in death within hours in more than half of cases. Case 
management, which consists mainly of rehydration, sig-
nificantly reduces the mortality rate to less than 1% [3].

A total of seven cholera pandemics have been docu-
mented, the current and longest of which has been rag-
ing for over 60 years [4]. Continental Africa has been 
affected by the disease since the 1970s [5]. The first 
cases of cholera in the Democratic Republic of the 
Congo (DRC) were officially declared in 1973, with 
cases introduced from Angola to Kongo Central Prov-
ince in western DRC. In 1977, cases were introduced 
from Tanzania to Tanganyika Province in eastern DRC 
[6]. Since 1977, cholera has remained a public health 
threat in the country, with cholera cases notified to the 
World Health Organization (WHO) every year. The 
DRC has reported approximately 5–14% of global chol-
era cases, with hundreds of deaths that could be pre-
vented each year [7]. In 2017, the DRC recorded the 
largest cholera epidemic since the year 2000, with more 
than 53,000 suspected cases and 2,300 deaths [8]. In 
2019 and 2020, the DRC was second in the world after 
Yemen and first in Africa in terms of cholera burden, 
with 55% of cases and 55% of deaths in 2019 [9] and 
41.8% of cases and 47.7% of deaths in 2020 [10].

The Global Task Force on Cholera Control (GTFCC) 
has established the Global Roadmap to 2030 strategy, 
which aims to reduce cholera deaths by 90% and elimi-
nate the disease as a public health threat in affected 
countries by the year 2030 [11]. To achieve cholera 
elimination, the multidisciplinary package of activi-
ties should include strengthened disease surveillance 
with early detection and rapid response; coordinated 
control activities; quality and rapid case management; 
improved water supply, sanitation and environmental 
hygiene; social mobilization; behavior change educa-
tion (collective hand and food hygiene); and oral chol-
era vaccination as a complementary measure [12].

The DRC is one of the first countries in the world to 
have developed a strategic plan to eliminate cholera 
based on the results of eco-epidemiological studies con-
ducted in the country from 2005 to 2007. The first strate-
gic Multisectoral Cholera Elimination Plan (MCEP) was 
implemented in 2008 to better manage this health crisis 
and stop cholera transmission nationwide, with an annual 
threshold of one culture-confirmed case per 1,000,000 
inhabitants, i.e., less than 500 new confirmed cases per 
year [13]. To date, three MCEPs have been implemented 
in the DRC. After the mixed success of the first plan 
(2008–2012) due to a lack of funding, the second plan 
(2013–2017) obtained more investment, including tar-
geted development activities such as drinking water sup-
ply projects in two cholera foci: Kalemie and Uvira [14]. 
The third plan covers the period from 2018 to 2021 [15].

Cholera elimination strategies should be guided by an 
in-depth understanding of local cholera dynamics. Stud-
ies conducted in the Great Lakes region of eastern DRC 
have highlighted the seasonal patterns of cholera epi-
demics and identified certain health zones where the dis-
ease persists during relative lull periods. The studies have 
also identified specific at-risk and mobile communities 
in these health zones, such as fishermen and merchants. 
These health zones in eastern DRC thus play a major role 
in maintaining cholera outbreaks and diffusing the dis-
ease throughout the country [16, 17].

To eliminate cholera in the DRC by the year 2030, 
activities are focused in the six endemic provinces: Ituri, 
North Kivu, South Kivu, Tanganyika, Haut Lomami and 
Haut Katanga. In these provinces, the following health 
zones have been identified as priority cholera sanctu-
ary zones in 2003–2007: Tshomia (Lake Albert), Goma 
and Bukavu (Lake Kivu), Uvira-Fizi (extreme north of 
Lake Tanganyika), Kalemie (center of Lake Tanganyika), 
Kilwa and Pweto (Lake Moero), and Bukama-Kinkondja-
Malemba Nkulu (Lake Upemba-Kaziba) [16]. The MCEP 
aims to provide sustainable and structural solutions to 
address the factors responsible for cholera persistence 
and diffusion in these health zones.

The current study aimed to assess the spatial and 
temporal dynamics of cholera before the implementa-
tion of the elimination plan and during each MCEP 
period to determine the effect of the elimination plans 
on cholera dynamics at the provincial and health zone 
levels, establish limitations and lessons learned, and 

to identify specific bottlenecks and gaps in the coordination and strategic efforts of cholera elimination interventions 
at the local, national and international levels.
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provide an evidence-based foundation to guide the next 
MCEP (2023–2027). Overall, these findings will serve to 
strengthen the efforts to eliminate cholera in the DRC by 
the year 2030.

Methods
Study design and site
We conducted a cross-sectional study of cholera out-
breaks in the DRC using weekly national surveillance 
data of suspected cholera cases and deaths from 2000 to 
2021. We also analyzed biological data of clinical Vibrio 
cholerae isolates obtained from the National Institute 
of Biomedical Research (NIBR) from 2015 to 2021. We 
reviewed the three MCEPs developed in the DRC and the 
evaluation reports of the first two MCEPs.

The DRC is located in the heart of Africa and cov-
ers an area of 2,345,000 km2. The country is divided 
into 26 provinces (Additional file  1) and 518 health 
zones. In 2020, the country had an estimated popula-
tion of 92,853,164 inhabitants [18]. The Congo River 
crosses almost the entire country from east to west over 
4,700 km. The DRC is situated on the equator and thus 
has the full range of climate characteristics of the humid 
tropical zone: an equatorial climate in the center, a tropi-
cal and humid climate in the north and south, a temperate 
climate at high altitudes in the east and a mountainous 
climate in the extreme east from Lake Albert to Lake 
Kivu. In general, the seasons in the DRC are as follows: 
January to February, short dry season; March to May, 
short rainy season; June to September, long dry season; 
and October to December, long rainy season.

Surveillance data sources
The weekly epidemiological data from 2000 to 2021 were 
obtained from the DRC Ministry of Health. The Inte-
grated Disease Surveillance and Response (IDSR) system 
has been in place in the DRC since 2000, managed by the 
Ministry of Health in collaboration with WHO. The IDSR 
system is a syndromic surveillance system that compiles 
weekly reports of morbidity and mortality, aggregated at 
the health zone level. The IDSR system covers thirteen 
diseases with epidemic potential, including cholera, for 
passive surveillance outside of epidemic periods. Pas-
sive surveillance is coupled with active surveillance dur-
ing epidemics. The IDSR system uses two definitions for 
suspected cholera cases depending on whether a cholera 
epidemic has been declared by the Ministry of Health 
(IDSR, 3rd edition):

•	 In areas without a declared cholera epidemic: any 
patient two years of age and older with acute watery 
diarrhea and severe dehydration or death due to 
acute watery diarrhea.

•	 In areas where a cholera epidemic has been declared: 
any person presenting with or dying of acute watery 
diarrhea.

Identification and classification of cholera sanctuary zones
The method used to identify and classify cholera sanc-
tuary zones has been previously described [19]. Briefly, 
cholera sanctuary zones were identified at the health 
zone level based on epidemiological parameters (number 
of suspected cases notified per week, persistence of sus-
pected cholera cases and attack rate per 100,000 inhab-
itants) and environmental indicators (proximity to the 
lake; presence of a lake, port or road in the health zone). 
Cholera sanctuaries notify cholera cases in a quasi-con-
tinuous manner, with lull periods (reporting zero cases 
per week) of < 16 weeks. In these areas, cholera outbreaks 
can resurge and spread to other nearby areas.

Cholera-endemic provinces report cholera cases in a 
continuous or metastable manner. These provinces have 
at least one cholera sanctuary according to the MCEP 
2018–2021 classification. During the MCEP-3 period, six 
provinces were considered cholera endemic (Ituri, North 
Kivu, South Kivu, Tanganyika, Haut Lomami and Haut 
Katanga), and in these provinces, 29 health zones have 
been identified as cholera sanctuary zones [15].

Non-endemic provinces report cholera cases in a 
recurrent (> 3 outbreaks in the previous 5 years), inter-
mittent (< 3 outbreaks in the previous 5 years) or spo-
radic (1 outbreak in the previous 5 years) manner.

Microbiological data
Biological confirmation data were obtained from the 
national cholera reference laboratory at the NIBR. The 
NIBR performs routine culture confirmation tests for 
national surveillance and epidemic confirmation (data 
available from 2015 to 2021). Fecal samples or rectal 
swabs from suspected cholera cases, which are typically 
collected at the beginning, middle, and end of a cholera 
outbreak, are placed in Carry-Blair transport medium 
and transported to the NIBR for culture confirmation. 
For each sample tested at the NIBR, the following data 
were collected: year, number of samples taken and num-
ber of positive results.

Population data
To calculate cholera incidence and attack rates, we used 
population estimates at the health zone and province 
levels from 2000 to 2021, which was obtained from the 
Expanded Program on Immunization considering a sta-
ble population growth of 1.03% [20]. This growth rate has 
also been consistency applied in similar analyses of other 
diseases [21–23].
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Data organization and analysis
Secondary weekly epidemiological data were extracted 
from the DRC Ministry of Health surveillance databases 
from 2000 to 2021. The extracted data were cleaned 
and analyzed for weekly cases and deaths using Micro-
soft Excel and R software (R packages rcmdr, ggplot and 
MASS).

To analyze the data throughout the study period, we 
applied the administrative divisions that were adopted in 
2015 (26 provinces, instead of the previous 11 provinces) 
for the 2000–2014 data [24]. Epidemic curves at the 
national and provincial levels were produced to assess 
the temporal evolution of cholera epidemics before and 
during the implementation of each MCEP. Weekly and 
annual changes in case fatality rates were calculated with 
cholera deaths as the numerator and cholera cases as the 
denominator. To compare the periods before and during 
the implementation of each MCEP, the data series was 
divided into four periods: the pre-MCEP period 2003–
2007 (pre-MCEP), the first MCEP period 2008–2012 
(MCEP-1), the second MCEP period 2013–2017 (MCEP-
2), and the third MCEP period 2018–2021 (MCEP-3). 
The averages of these four periods were compared using 
ANOVA. To perform the ANOVA, we first tested the 
data for normal distribution using the Chapiro-Wilk test 
[25], which indicated that the data are normally distrib-
uted (threshold: p > 0.05) [17]. We then verified variance 
homogeny using the Bartlett test, indicating that the 
data are statistically homogeneous (threshold: p > 0.05) 
[26]. We used the confidence interval method according 
to which the means of the two groups are not different 
when the confidence intervals overlap.

We identified seasonal patterns by decomposing the 
weekly time series using R software as described by 
Cleveland et  al. [27]. This analysis was performed on 

three five-year time series (pre-MCEP, MCEP-1 and 
MCEP-2) and one four-year time series (MCEP-3).

Cartography
To assess the spatial dynamics of cholera cases, we pro-
duced maps of average attack rates for the four periods 
(pre-MCEP, MCEP-1, MCEP-2 and MCEP-3) at the 
province level. Average attack rates were calculated as 
follows: average sum of cases for the period*100,000 /
average population for the period. The calculated attack 
rates are expressed as cholera cases per 100,000 inhabit-
ants. Attack rate maps were generated using QGIS 3.16 
Madeira software with shapefiles obtained from www.​
DIVA-​GISgis.​org/​gdata.

Cluster analysis
For each time period, we performed a retrospective clus-
ter analysis using a Poisson-based space-time permuta-
tion scan statistic according to Kulldorff et al. [28] with 
SaTScan software version 9.6. We identified risk clus-
ters at the provincial level with a reactive risk > 1 and a 
p-value > 0.05 [29]. These risk clusters were then mapped 
using QGIS 3.16 software.

Results
Epidemiological description of cholera cases and deaths
From 2000 to 2021, the DRC recorded 520,024 suspected 
cases and 12,561 deaths, representing a case fatality rate 
of 2.4% (Fig. 1). Every province in the country and 498 of 
518 (96%) health zones reported suspected cholera cases. 
In 2017, the DRC recorded the highest annual number 
of cholera cases since 2000, with more than 53,000 sus-
pected cholera cases (Fig.  1). During the study period, 
the average annual case fatality rate was above 1%, thus 

Fig. 1  Annual number of suspected cholera cases and case fatality rate in the DRC from 2000 to 2021

https://www.DIVA-GISgis.org/gdata
https://www.DIVA-GISgis.org/gdata
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potentially indicating suboptimal or delayed medical 
treatment.

At the national level, we did not observe a signifi-
cant difference in terms of numbers of cases and deaths 
before and during the implementation of each MCEP 
(p-value > 0.05) (Table 1). During the pre-MCEP, MCEP-1 
and MCEP-2 periods, the seasonal cholera patterns 
remained the same, with two epidemic peaks: a small 
peak towards the end of the dry season and a large peak 
during the middle of the rainy season. However, during 
the MCEP-3 period, a large epidemic peak was observed 
at the end of the dry season and a small peak occurred 
during the rainy season (Fig. 2).

Biological results
From 2015 to 2021, a total of 7,518 stool samples were 
collected from 189,165 suspected cholera cases (collec-
tion rate: 3.9%). The highest collection rate was in 2011 
(11.6%), while the lowest collection rate was in 2018 
(1.3%). The culture positivity rate was 25.9% (positivity 
rates ranged from 43.5 to 11.1%) (Table 2).

Epidemiological description of cholera patterns 
in the endemic and non‑endemic provinces in the DRC 
before and during the implementation of the MCEPs
The highest proportions of cases were recorded by 
the endemic provinces, while the highest case fatality 
rates were reported by the non-endemic provinces. The 

endemic provinces recorded 438,888 suspected cases 
(84.4%) with a case fatality rate of 2%. The mortality rate 
in endemic provinces has gradually decreased, which 
may be due to better capacity and preparedness in terms 
of case management and/or improved awareness and 
healthcare seeking behavior among at-risk populations. 
Meanwhile, the non-endemic provinces reported 81,135 
suspected cases (15.6%) with a case fatality rate of 4.5% 
(Fig. 3).

At least 75% of cases during each period (pre-MCEP, 
MCEP-1, MCEP-2 and MCEP-3) were recorded by 
the endemic provinces, i.e., 94.7%, 85.5%, 77.6% and 
75.8%, respectively. However, over the course of the 

Fig. 2   Seasonal cholera outbreak patterns in the DRC from 2003 to 2021. Decomposition of time series into three components: season, trend 
and remainder. The alternating white and tan stripes represent the rainy and dry seasons, respectively

Table 1  Comparison of average cholera case numbers during 
each period

Adjusted p-values reported - single-step method

Periods compared Difference in 
average case 
numbers

Std. error t value Pr(>|t|)

MCEP-1 – Pre-MCEP 968.5 2431.8 0.398 0.978

MCEP-2 - Pre-MCEP 1691.9 2431.8 0.696 0.898

MCEP-3 - Pre-MCEP -358.5 2431.8 -0.147 0.898

MCEP-2 – MCEP-1 723.4 2431.8 0.297 0.991

MCEP-3 – MCEP-1 -1327.0 2431.8 -0.546 0.947

MCEP-3 – MCEP-2 -2050.3 2431.8 -0.843 0.834
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Table 2  Distribution of suspected cholera cases, number of stool samples taken and number of positive culture samples

Year Total suspected cholera cases Number of stool samples sent to the 
NIBR

Number of stool culture samples that 
tested positive for Vibrio cholerae O1

2015 15,444 1,809 (11.7%) 696 (38.4%)

2016 25,982 1,238 (4.7%) 252 (20.3%)

2017 54,779 1,000 (1.8%) 217 (21.7%)

2018 30,768 411 (1.3%) 146 (35.5)

2019 30,304 514 (1.6%) 224 (43.5%)

2020 19,785 1,340 (6.7%) 283 (21.1%)

2021 12,103 1,205 (9.9%) 134 (11.1%)

Total 189,165 7,518 (3.9%) 1,952 (25.9%)

Fig. 3  Trends in annual suspected cholera case numbers (upper panel) and case fatality rates (lower panel) in cholera endemic and non-endemic 
provinces in the DRC
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study period, we found that the proportion of cases in 
endemic provinces decreased over time, while the pro-
portion of cases in non-endemic provinces increased 
(Additional file 2 and Fig. 4).

From 2000 to 2021, more than half of the suspected 
cholera cases in the endemic provinces were recorded 
by the provinces of South Kivu and North Kivu, with 
30.1% and 25.3% of cases, respectively, followed by Tan-
ganyika (16.1%), Haut-Lomami (13.9%), Haut Katanga 
(10.5%) and Ituri (3.8%). Over the course of the study 
period, the provinces of Tanganyika and South Kivu 
had the highest attack rates. Tanganyika had attack 
rates > 100 cholera cases per 100,000 inhabitants dur-
ing all four periods. South Kivu had attack rates > 100 
during the pre-MCEP and MCEP-1 periods and attack 
rates of 50–100 during the MCEP-2 and MCEP-3 peri-
ods (Additional file 3).

Province-level cholera risk clusters were largely con-
centrated in endemic provinces. During the pre-MCEP 
period, clusters were identified in five endemic prov-
inces and one non-endemic province (Haut-Uélé); the 
risk was highest in the northeastern provinces. After 
the implementation of the MCEP, Ituri Province was the 
only endemic province not identified as a risk cluster. 
Apart from the endemic provinces, four non-endemic 
provinces were identified as risk clusters: Maniema 
(MCEP-1 and MCEP-2), Bas-Uélé (MCEP-1), Equateur 
(MCEP-1) and Kasaï-Oriental (MCEP-3) (Fig. 5).

Evolution of cholera epidemiology in the endemic 
provinces
Over the entire study period, three endemic provinces 
(North Kivu, South Kivu and Tanganyika) recorded 
cases almost continuously. Tanganyika never recorded 
an interruption in cases of more than four weeks, while 
North Kivu and South Kivu each recorded a single five-
week interruption during the MCEP-2 period (Fig. 6 and 
Additional file 4).

Evolution of health zone cholera profiles during the three 
MCEP periods
A total of 14 health zones were identified as cholera 
sanctuary zones during MCEP-1, 14 sanctuary zones 
were identified during MCEP-2, and 29 sanctuary zones 
were identified during MCEP-3 (Table  3). Six health 
zones were considered cholera sanctuary zones dur-
ing all three MCEP implementation periods: Kalemie 
and Nyemba (Tanganyika), Goma and Karisimbi (North 
Kivu) and Uvira and Kadutu (South Kivu). These health 
zones recorded 24.2% of all suspected cholera cases dur-
ing the study period. Four health zones identified as sanc-
tuary zones during the MCEP-1 period were no longer 
considered sanctuary zones during the two subsequent 
MCEPs: Ibanda and Bagira (South Kivu), Kasenga and 
Pweto (Haut-Katanga). Sanctuary zones identified during 
the MCEP-3 period included all 14 sanctuary zones dur-
ing the MCEP-2 period (representing 45% of the cases 

Fig. 4  Evolution of the proportion of suspected cholera cases in endemic and non-endemic provinces before plan implementation 
and during each MCEP period
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reported during the MCEP-3 period), 11 new health 
zones and four health zones identified during MCEP-1.

Discussion
The retrospective analysis of cholera surveillance data 
from 2000 to 2021 revealed that this disease remains a 
public health threat in the DRC since 2008 despite the 
implementation of the MCEP. During the study period, 
the DRC recorded 520,024 cases and 12,561 deaths (case 
fatality rate of 2.4%). Over the 22-year period, all prov-
inces and 498 of 518 (96%) health zones reported sus-
pected cholera cases.

Although the endemic provinces recorded more than 
75% of all cases during each period, the proportion of 
cases in the endemic provinces decreased over time, 
while the proportion of cases in the non-endemic prov-
inces increased. The high case fatality rate of 2.4% [30] 
may be due to delays in the surveillance system to trig-
ger a rapid response [31] and/or delayed access to health-
care facilities among patients because of insufficient 

knowledge about cholera or distance from health centers 
[32]. This case fatality rate varied according to the level 
of endemicity, from 2% in endemic provinces to 4.5% 
in non-endemic provinces. The high case fatality rates 
observed in the non-endemic provinces could be due to 
low levels of immunity, suboptimal treatment, and the 
absence of preparedness and prevention activities [33].

At the national level, we did not observe a significant 
difference in terms of the number of cases and deaths 
before and during each MCEP period (p-value > 0.05). 
This lack of progress in cholera elimination may be due 
to limitations in the method used to identify and prior-
itize sanctuary zones, which focused essentially on epi-
demiological indicators (persistence of suspected cholera 
cases and attack rate per 100,000 inhabitants) and some 
environmental indicators (proximity to the lake; presence 
of a lake, port or road in the health zone, etc.). The clas-
sification of the health zones in the DRC did not take into 
account social factors, population displacement, conflict 
and other factors that may impact disease transmission. 

Fig. 5  Cholera risk clusters in the DRC at the provincial level, before and during each MCEP period
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Indeed, conflict can further drive cholera diffusion and 
hinder outbreak response efforts [34], and a recent study 
has found that conflict increased cholera risk in the DRC 
by 2.6 times [35]. Populations forcibly displaced by con-
flict (or other crises) are also often affected by infectious 
diseases such as cholera [36]. Furthermore, the Global 
Task Force on Cholera Control recommended that coun-
tries integrate water, sanitation and hygiene (WASH) 

indicators and contextual factors to identify at-risk areas, 
but only in locations where cholera transmission is low 
[37].

To better orient epidemic prevention and prepared-
ness activities, health zones should be classified and pri-
oritized based on epidemiological, WASH (e.g., access 
to drinking water and hygienic toilets), socio-economic, 
environmental and health indicators (e.g., number of 

Fig. 6  Weekly number of cholera cases in cholera-endemic provinces, 2000–2021
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doctors, number of nurses, rate of attendance at health 
facilities and rate of chronic malnutrition) [38, 39]. The 
health zone classification should also be updated as 
needed to assess evolving cholera dynamics in the coun-
try and monitor the cholera elimination progress and 
lessons learned in each health zone. Furthermore, sub-
sequent studies should also investigate the factors that 
influenced the reduction in case numbers in Ituri Prov-
ince as well as the increase in health zones classified as 
sanctuary areas over the course of the study period.

The lack of significant progress in cholera elimination 
in the DRC may also be due to poor management of the 

epidemic response, including limits in the development 
of the MCEP, failure to adhere to established strategies 
and substandard implementation in the field by the vari-
ous actors. Indeed, the cholera context in the DRC has 
not improved in recent years despite significant advances 
in the understanding of environmental cholera dynam-
ics [40], the establishment of effective community-based 
control strategies [41] and new tools to control chol-
era such as vaccination [42]. In the current study, we 
observed a clear seasonal pattern with two epidemic 
peaks: one peak towards the end of the dry season and 
one peak in the middle of the rainy season. Previous chol-
era studies conducted in the DRC from 2000 to 2007 have 
identified the same seasonal pattern [43]. This seasonal 
characteristic should enable actors to anticipate cholera 
outbreaks and plan preparedness and response activities 
accordingly. However, during the large-scale epidemic in 
2017 (which started during the dry season), field inves-
tigations revealed that limited prevention and prepar-
edness activities had been carried out. The epidemic in 
2017 started in a few areas where outbreaks persisted 
(Goma City in the east, Kimpese Health zone in the 
southwest and the health zones of Bolobo and Bandundu 
in the northwest) and then spread to more than half of 
all health zones in the country. This epidemic occurred 
in the context of a 253% increase in annual cholera case 
numbers throughout the African continent from 2016 
to 2017 [44]. The anticipation and rapid containment of 
this epidemic could have prevented this health crisis and 
countless avoidable deaths [45]. Control efforts largely 
involved punctual response activities with little to no 
preparedness activities. Furthermore, once case numbers 
subside, the end of the outbreak is often poorly managed. 
Additional studies on the cholera outbreak response in 
the DRC should aim to identify bottlenecks and gaps at 
the local, national and international levels [46].

The DRC still faces major challenges to eliminate chol-
era, including coordination of MCEP interventions, ori-
enting partners towards priority sites, monitoring and 
reliance on external assistance. To ensure that the plan 
is effectively implemented, the Congolese government 
should be the primary financer of the MCEP, play a lead-
ing role in the implementation of the plan, and chan-
nel the funds of all partners involved in the response 
appropriately, while maintaining an overview of all funds 
received by each actor. Several evaluations of the MCEPs 
have been carried out, although these reports do not 
include an economic evaluation. Nevertheless, all evalu-
ation reports have indicated insufficient funding as a 
major obstacle to implement the MCEP [47]. To achieve 
cholera elimination in the DRC, all actors involved in 
the MCEP must be aligned and all implicated ministries 
(Ministry of Planning, Ministry of Energy, Ministry of 

Table 3  Health zones identified as cholera sanctuaries during 
each of the three MCEP periods

Province Health zone MCEP-1 MCEP-2 MCEP-3

Haut Katanga Kasenga X

Kilwa X X

Pweto X

Haut Lomami Bukama X X

Butumba X X

Kabondo-Dianda X

Kinkondja X X

Malemba-Nkulu X X

Mukanga X

Ituri Angumu X

Bunia X X

Mahagi X

Nyarambe X

Tchomia X X

North Kivu Goma X X X

Karisimbi X X X

Kirotse X X

Masisi X

Mutwanga X

Mweso X X

Nyiragongo X

Rutshuru X

South Kivu Bagira X

Fizi X X

Ibanda X

Kadutu X X X

Katana X

Minova X X

Nundu X

Uvira X X X

Tanganyika Kalemie X X X

Moba X X

Nyemba X X X

Total per period 14 14 29
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the Environment and the Ministry of Fisheries and Live-
stock) should be actively involved in the implementation 
of the plan.

Even with limited resources, cholera elimination can be 
achieved by applying a multidisciplinary and coordinated 
approach, with targeted prevention and control activities 
based on solid scientific evidence and adapted to local 
contexts [41]. In 2012, Haiti established a cholera elimi-
nation plan that was inspired by the DRC’s cholera man-
agement strategy [48]. Thanks to the highly coordinated 
efforts, this country did not report a single confirmed 
case for over three years, from the beginning of Febru-
ary 2019 to October 2022 [49–51]. However, the Hai-
tian Ministry of Public Health and Population reported 
two confirmed cholera cases and several suspected cases 
in the Port-au-Prince metropolitan area on October 2, 
2022 [50]. Cholera has since resurged in the country in 
the context of a complex humanitarian crisis with major 
socio-political unrest [52–55]. Sanctuary zones and large 
cities at high risk of cholera outbreaks in the DRC should 
be prioritized for extended water network projects, and 
cholera vaccination strategies should be optimized. 
Furthermore, control strategies must be flexible. For 
example, although the WHO recommends combining 
antibiotics to treat severe cases [3], phagotherapy may 
serve as an alternative to antibiotics, as cases of antibiotic 
resistance have increased in the DRC [56].

To declare the elimination of cholera in the DRC, the 
Congolese government has set the threshold at one cul-
ture-confirmed case per 1,000,000 population, but less 
than 5% of notified suspected cases are sampled each 
year for culture. Although the biological data used in this 
study are aggregated annually and do not provide a clear 
indication of the spatiotemporal evolution of biological 
confirmation in the endemic and non-endemic provinces, 
nor do they distinguish the type of serotypes circulating 
in the country, the rate of collection of stool samples for 
biological analysis was very low (3.9%) from 2015 to 2021 
with a Vibrio cholerae positivity rate of 25.9%. Biological 
surveillance should be strengthened by decentralizing 
biological analysis to the provinces.

A phylogenetic study has analyzed isolates collected in 
the DRC in 2011 and 2012 [57], when a large-scale epi-
demic started in the eastern provinces and rapidly spread 
across the country, affecting provinces in the west that 
had not experienced an epidemic for close to 10 years 
[58]. This study revealed that isolates grouped together 
as one discrete MLVA (Multi-Locus Variable Number 
Tandem Repeat Analysis) complex and that the epidemic 
was caused by the extensive expansion and diversification 
from a single MLVA haplotype [57]. Furthermore, isolates 
in the DRC were distinct from those collected in West 
Africa (Togo and Guinea) during the same timeframe 

[57]. Further phylogenetic studies of Vibrio cholerae 
strains circulating in the DRC should be conducted to 
clearly monitor the profiles and origins of Vibrio cholerae 
strains in each health zone (persisting bacterial popula-
tions vs. multiple re-introductions), establish the links 
and transmission pathways between separate outbreaks, 
and better understand the current disease dynamics. 
Such insight would further bolster cholera elimination 
strategies in the country.

Some study limitations should be noted. These analyses 
were conducted on data of suspected cholera cases col-
lected by the disease surveillance and response system, 
which probably does not accurately reflect the real bur-
den of cholera in the DRC because these data only take 
into account patients who consulted health facilities [59]. 
Nevertheless, a recent assessment of the surveillance data 
of diseases with epidemic potential tracked by the DRC 
has demonstrated that data on suspected cholera cases 
can be used for epidemiological or public health research 
purposes [23]. The collection of fecal samples for culture 
and case confirmation in some remote areas has been 
limited; however, since 2022, efforts have been made 
to improve the use of rapid diagnostic tests and PCR to 
strengthen surveillance in the country. The monitoring 
of funds mobilized for each plan has been limited and 
no economic evaluation has been conducted to quantify 
and monitor interventions implemented, hence the need 
to improve the coordination, management and financial 
assessment of cholera control in the DRC. Regarding the 
seasonal analysis, although the seasons vary between 
provinces that are located north and south of the equator, 
these variations do not seem to markedly influence our 
results as most cholera-endemic provinces are located 
south of the equator.

Conclusion
The DRC implemented the first national cholera elimina-
tion plan in 2008. To date, three cholera elimination plans 
have been developed in the country (during 2008–2012, 
2013–2017 and 2018–2021). Despite the implementa-
tion of the MCEPs, the spatiotemporal disease dynamics 
and seasonal cholera patterns have hardly improved, case 
numbers continue to peak at the end of the dry season 
and during the middle of the rainy season. Furthermore, 
the number of health zones categorized as cholera sanc-
tuary zones has largely increased over time. This lack of 
progress in cholera elimination may be due to limitations 
in the method used to identify and prioritize sanctu-
ary zones, which focused essentially on epidemiological 
parameters and some environmental indicators. To bet-
ter prioritize high-risk health zones and orient epidemic 
prevention and preparedness activities, cholera sanctu-
ary zones should be classified based on epidemiological, 
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WASH, socio-economic, environmental and health indi-
cators. Improvements should also be made regarding the 
strategy and implementation of the MCEP as well as the 
reporting and monitoring of funded activities. It is also 
essential to strengthen surveillance (including labora-
tory analysis of specimens) for a more rapid response, to 
lower the case fatality rate and to better understand the 
epidemiology of the disease. A similar study should be 
carried out at the health zone level. Additional studies 
on the cholera outbreak response in the DRC should also 
aim to identify bottlenecks and gaps at the local, national 
and international levels.

Abbreviations
DRC	� Democratic Republic of the Congo
GTFCC	� Global Task Force on Cholera Control
IDSR	� Integrated Disease Surveillance and Response
MCEP	� Multisectoral Cholera Elimination Plan
MLVA	� Multi-Locus Variable Number Tandem Repeat Analysis
NIBR	� National Institute of Biomedical Research
WASH	� Water, sanitation and hygiene
WHO	� World Health Organization

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​023-​16449-2.

Additional file 1. Context map of the Democratic Republic of the Congo. 
Provinces are labeled in bold, and lakes are indicated in italics.

Additional file 2. Annual proportion of cases and deaths in the DRC per 
province, before and during each MCEP period.

Additional file 3. Cholera attack rate in the DRC at the province level 
before and during each MCEP period (per 100,000 inhabitants).

Additional file 4. Lulls in cholera cases of more than four weeks in the 
endemic provinces.

Acknowledgements
We thank Dr. Sandy Moore for translating and editing the text, Dr. Doudou 
Batumbo for assistance with data analysis. We thank all colleagues of the Infec-
tious Diseases Ecology Department, Faculty of Medicine in the DRC and the 
Colleagues of the Geography and Planning Laboratory of Montpellier, France.

Authors’ contributions
NT, DB and NR designed the study. NT curated the surveillance data. NT and 
DB analyzed the data. NT, DB and NR interpreted the data. NT wrote the 
manuscript. NT, DB, JJM and NR reviewed and edited the manuscript. All 
authors read and approved the final version of the manuscript.

Author’s information
NT is a public health physician in the process of completing a thesis 
(University Paul Valéry Montpellier 3, France (Laboratoire de Géographie et 
d’aménagement de l’espace de Montpellier), France and the University of 
Kinshasa (Service d’Ecologie de Maladies Infectieuses), Democratic Republic 
of Congo; Head of the Epidemiological Surveillance Office at the National 
Program for the Elimination of Cholera and the Control of Other Diarrheal 
Diseases at the Ministry of Health, Hygiene and Prevention, DRC).

Funding
This study was conducted within the framework of Nadège TATY’s doc-
toral studies, financed in part by the VEOLIA Foundation via the SOLENA 
association. The funders had no role in the design of the study, the collection 

and analysis of the data, the decision to publish or the preparation of the 
manuscript.

Availability of data and materials
The data and R codes are available from the authors upon reasonable request 
and with the permission of the Head of the Department of Infectious Diseases 
Ecology Didier Bompangue.

Declarations

Ethics approval and consent to participate
Ethical approval was not required for this study because surveillance and 
response to cholera outbreaks in the DRC are covered by national public 
health laws as part of the public health mandate of the DRC Ministry of Health.
All experiments were performed in accordance with relevant guidelines and 
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Laboratoire de géographie et d’aménagement de Montpellier, Université 
Paul Valéry Montpellier 3, Montpellier, France. 2 Service d’Ecologie et Contrôle 
des Maladies Infectieuses, Faculté de Médecine, Université de Kinshasa, 
République démocratique, Congo. 3 Programme National d’Elimination du 
choléra et de lutte contre les autres maladies diarrhéiques, Ministère de la 
Santé, Hygiène et Prévention, République démocratique, Congo. 4 Laboratory 
Chrono‑Environnement, UMR 6249, University of Bourgogne Franche-Comté, 
Besançon, France. 5 Institut National des Recherches Biomédicales, Kinshasa, 
Democratic Republic of the Congo. 

Received: 19 October 2022   Accepted: 3 August 2023

References
	1.	 Morris JG. Cholera and other types of vibriosis: a story of human pandem-

ics and oysters on the half shell. Clin Infect Dis. 2003;37(2):272–80. 
	2.	 Azman AS, Rudolph KE, Cummings DAT, Lessler J. The incubation period 

of cholera: a systematic review. J Infect. 2013;66(5):432–8.
	3.	 World Health Organization (WHO). Cholera fact sheet [Internet], WHO. 

2014 [cited 2015 Mar 27]. Available from: http://​www.​who.​int/​media​
centre/​facts​heets/​fs107/​en/.

	4.	 Datta KK, Singh J. Epidemiological profile of outbreaks of cholera in India 
during 1975–1989. J Commun Dis. 1990;22(3):151–9.

	5.	 Weill FX, Domman D, Njamkepo E, Tarr C, Rauzier J, Fawal N, et al. 
Genomic history of the seventh pandemic of cholera in Africa. Science. 
2017;358(6364):785–9.

	6.	 Bompangue D. Dynamique des épidémies de choléra dans la région 
des grands lacs africains: cas de la République Démocratique du Congo. 
Ecologie, Environnement. Français: Université de Franche-Comté; 2009. 
https://​theses.​hal.​scien​ce/​tel-​00441​534.

	7.	 Ali M, Nelson AR, Lopez AL, Sack DA. Updated global burden of Cholera 
in endemic countries. PLoS Negl Trop Dis. 2015;9(6):e0003832.

	8.	 Ingelbeen B, Hendrickx D, Miwanda B, Sande MAB, van der, Mossoko M, 
Vochten H et al. Recurrent Cholera Outbreaks, Democratic Republic of 
the Congo, 2008–2017 - Volume 25, Number 5—May 2019 - Emerging 
Infectious Diseases journal - CDC. [cited 2019 Dec 19]; Available from: 
https://​wwwnc.​cdc.​gov/​eid/​artic​le/​25/5/​18-​1141_​artic​le.

	9.	 WHO. Weekly epidemiological record [Internet]. 2020 [cited 2021 Sep 
24]. Available from: https://​apps.​who.​int/​iris/​bitst​ream/​handle/​10665/​
334241/​WER95​37-​eng-​fre.​pdf.

	10.	 WER9637-eng-. fre.pdf [Internet]. [cited 2022 Jan 11]. Available from: 
https://​apps.​who.​int/​iris/​bitst​ream/​handle/​10665/​345267/​WER96​37-​eng-​
fre.​pdf.

https://doi.org/10.1186/s12889-023-16449-2
https://doi.org/10.1186/s12889-023-16449-2
http://www.who.int/mediacentre/factsheets/fs107/en/
http://www.who.int/mediacentre/factsheets/fs107/en/
https://theses.hal.science/tel-00441534
https://wwwnc.cdc.gov/eid/article/25/5/18-1141_article
https://apps.who.int/iris/bitstream/handle/10665/334241/WER9537-eng-fre.pdf
https://apps.who.int/iris/bitstream/handle/10665/334241/WER9537-eng-fre.pdf
https://apps.who.int/iris/bitstream/handle/10665/345267/WER9637-eng-fre.pdf
https://apps.who.int/iris/bitstream/handle/10665/345267/WER9637-eng-fre.pdf


Page 13 of 14Taty et al. BMC Public Health         (2023) 23:1592 	

	11.	 Global Task Force on Cholera Control. Ending Cholera. A Global Roadmap 
to 2030. World Health Organization (WHO); 2017. https://​www.​gtfcc.​org/​
about-​chole​ra/​roadm​ap-​2030/.

	12.	 Piarroux R, Bompangue D, Oger PY, Haaser F, Boinet A, Vandevelde T. 
From research to field action: example of the fight against cholera in the 
Democratic Republic of Congo. Field Actions Science Reports The journal 
of field actions [Internet]. 2009 Jan 16 [cited 2022 Jan 31];(Vol. 2). Avail-
able from: https://​journ​als.​opene​dition.​org/​facts​repor​ts/​188.

	13.	 Muyembe JJ, Bompangue D, Mutombo G, Akilimali L, Mutombo A, 
Miwanda B, et al. Elimination of cholera in the democratic Republic of the 
Congo: the new national policy. J Infect Dis. 2013;208(Suppl 1):86–91.

	14.	 République démocratique du Congo. Plan Stratégique Multisectoriel 
d Elimination du choléra en RDC [Internet]. 2018 [cited 2021 Oct 17]. 
Available from: https://​plate​forme​chole​ra.​info/​attac​hments/​artic​le/​554/​
PMSEC%​202018_​2022_​30032​018.​pdf.

	15.	 REPUBLIQUE DEMOCRATIQUE DU CONGO, MINISTERE DU PLAN. Plan 
Stratégique Multisectoriel d’Elimination du Choléra en République 
Démocratique du Congo 2018–2022 [Internet]. 2018 Jan. Available 
from: https://​plate​forme​chole​ra.​info/​attac​hments/​artic​le/​554/​PMSEC%​
202018_​2022_​30032​018.​pdf.

	16.	 Bompangue D. Dynamique des épidémies de choléra dans la région 
des grands lacs africains: cas de la République Démocratique du Congo 
[Internet] [phdthesis]. Université de Franche-Comté; 2009 [cited 2022 Jan 
10]. Available from: https://​tel.​archi​ves-​ouver​tes.​fr/​tel-​00441​534.

	17.	 Bompangue D, Giraudoux P, Handschumacher P, Piarroux M, Sudre B, 
Ekwanzala M, et al. Lakes as source of Cholera Outbreaks, Democratic 
Republic of Congo. Emerg Infect Dis. 2008;14(5):798–800.

	18.	 Banque Mondiale. Population, total - Congo, Dem. Rep. | Data [Internet]. 
2020 [cited 2022 Jan 25]. Available from: https://​donne​es.​banqu​emond​
iale.​org/​indic​ator/​SP.​POP.​TOTL?​locat​ions=​CD.

	19.	 REPUBLIQUE DEMOCRATIQUE DU CONGO MINISTERE DE LA, SANTE 
PUBLIQUE. Plan Stratégique Multisectoriel d’Elimination du Choléra en 
République Démocratique du Congo 2013–2017 [Internet]. 2013 Feb. 
Available from: https://​www.​chole​raall​iance.​org/​sites/g/​files/​dvc36​16/​
files/​docum​ent/​2017/​07/​PLAN_​ELIMI​NATION_​CHOLE​RA_​2013_​2017_​
FAcv2​8fev_​10032​015.​pdf.

	20.	 Institut National de la Statistique RDC/Kinshasa. Recensements [Internet]. 
[cited 2023 Jun 12]. Available from: https://​www.​ins-​rdc.​org/​recen​semen​
ts/​recen​semen​ts/.

	21.	 Rimoin AW, Mulembakani PM, Johnston SC, Lloyd Smith JO, Kisalu NK, 
Kinkela TL, et al. Major increase in human monkeypox incidence 30 years 
after smallpox vaccination campaigns cease in the Democratic Republic 
of Congo. Proc Natl Acad Sci U S A. 2010;107(37):16262–7.

	22.	 Hoff NA, Doshi RH, Colwell B, Kebela-Illunga B, Mukadi P, Mossoko M, et al. 
Evolution of a Disease Surveillance System: an increase in reporting of 
Human Monkeypox Disease in the Democratic Republic of the Congo, 
2001–2013. Int J Trop Dis Health. 2017;25(2):IJTDH35885.

	23.	 Mandja BAM, Bompangue D, Handschumacher P, Gonzalez JP, Salem 
G, Muyembe JJ, et al. The score of integrated disease surveillance and 
response adequacy (SIA): a pragmatic score for comparing weekly 
reported diseases based on a systematic review. BMC Public Health. 
2019;19(1):624.

	24.	 Bruneau JC. Les nouvelles provinces de la République Démocratique du 
Congo: construction territoriale et ethnicités. L’Espace Politique Revue en 
ligne de géographie politique et de géopolitique [Internet]. 2009 Jun 30 
[cited 2022 Jan 25];(7). Available from: https://​journ​als.​opene​dition.​org/​
espac​epoli​tique/​1296.

	25.	 Test Shapiro-Wilk. Vérifier la normalité des données [Internet]. [cited 2022 
Jan 25]. Available from: http://​www.​biost​at.​ulg.​ac.​be/​pages/​Site_r/​Norma​
lite.​html.

	26.	 1.3.5.7. Bartlett’s Test [Internet]. [cited 2022 Jan 25]. Available from: 
https://​www.​itl.​nist.​gov/​div898/​handb​ook/​eda/​secti​on3/​eda357.​htm.

	27.	 Venables WN, Ripley BD. Modern Applied Statistics with S.:505.
	28.	 Kulldorff M, Athas WF, Feuer EJ. Miller BA, Key CR. "Evaluating cluster 

alarms: A space-time scan statistic and brain cancer in Los Alamos, New 
Mexico,". Am J Public Health Am Public Health Assoc. 1998;88(9):1377–80.

	29.	 Ngwa MC, Ihekweazu C, Okwor T, Yennan S, Williams N, Elimian K, et al. 
The cholera risk assessment in Kano State, Nigeria: a historical review, 
mapping of hotspots and evaluation of contextual factors. Neela V 
kumari, editor. PLoS Negl Trop Dis. 2021;15(1):e0009046.

	30.	 Fournier JM, Quilici ML, Choléra. La Presse Médicale. 2007;36(4):727–39.

	31.	 WHO. WHO | Cholera case fatality rate [Internet]. WHO, World O. ; 2016 
[cited 2021 May 26]. Available from: http://​www.​who.​int/​gho/​epide​mic_​
disea​ses/​chole​ra/​case_​fatal​ity_​rate_​text/​en/.

	32.	 Djouma FN, Ateudjieu J, Ram M, Debes AK, Sack DA. Factors Associ-
ated with fatal outcomes following Cholera-Like Syndrome in Far North 
Region of Cameroon: A Community-Based survey. Am J Trop Med Hyg. 
2016;95(6):1287–91.

	33.	 Ingelbeen B, Hendrickx D, Miwanda B, van der Sande MAB, Mossoko M, 
Vochten H, et al. Recurrent Cholera Outbreaks, Democratic Republic of 
the Congo, 2008–2017. Emerg Infect Dis. 2019;25(5):856–64.

	34.	 Dureab F, Shibib K, Al-Yousufi R, Jahn A. Yemen: Cholera outbreak and the 
ongoing armed conflict. J Infect developing Ctries. 2018;12(5):397–403.

	35.	 Charnley GEC, Jean K, Kelman I, Gaythorpe KAM, Murray KA. Association 
between Conflict and Cholera in Nigeria and the Democratic Republic of 
the Congo. Emerg Infect Dis. 2022;28(12):2472–81.

	36.	 Dubray C, Guha-Sapir D. Epidemiology. In D. Townes (Ed.), Health in 
Humanitarian Emergencies: Principles and Practice for Public Health and 
Healthcare Practitioners (pp. 53-67). Cambridge: Cambridge University 
Press; 2018. https://​doi.​org/​10.​1017/​97811​07477​261.​006.

	37.	 GTFCC. Guidance and tool for countries to identify priority areas for inter-
vention. Sept, 2019. https://​www.​gtfcc.​org/​wp-​conte​nt/​uploa​ds/​2019/​
11/​guida​nce-​and-​tool-​for-​count​ries-​to-​ident​ify-​prior​ity-​areas-​for-​inter​
venti​on1.​pdf.

	38.	 D’Ercole R, Metzger P. La vulnérabilité territoriale: une nouvelle approche 
des risques en milieu urbain. Territorial vulnerability: a new approach of 
risks in urban areas. Cybergeo. 2009; http://​cyber​geo.​revues.​org/​22022.

	39.	 Metzger P, D’Ercole R. Les risques en milieu urbain: éléments de réflexion. 
EchoGéo. 2011;18. http://​echog​eo.​revues.​org/​12640.

	40.	 Boloweti DB, Giraudoux P, Deniel C, Garnier E, Mauny F, Kasereka CM, et al. 
Volcanic activity controls cholera outbreaks in the East African Rift. PLoS 
Negl Trop Dis. 2020;14(8):e0008406.

	41.	 Bompangue D, Moore S, Taty N, Impouma B, Sudre B, Manda R, et al. 
Description of the targeted water supply and hygiene response strategy 
implemented during the cholera outbreak of 2017–2018 in Kinshasa, 
DRC. BMC Infect Dis. 2020;20(1):226.

	42.	 Bi Q, Ferreras E, Pezzoli L, Legros D, Ivers LC, Date K, et al. Protection 
against cholera from killed whole-cell oral cholera vaccines: a systematic 
review and meta-analysis. Lancet Infect Dis. 2017;17(10):1080–8.

	43.	 Bompangue D. Dynamique des épidémies de choléra dans la région 
des grands lacs africains: cas de la République Démocratique du Congo. 
Français: Ecologie, Environnement. Université de Franche-Comté; 2009. 
https://​theses.​hal.​scien​ce/​tel-​00441​534.

	44.	 WHO. Cholera data 2000–2021 [Internet]. 2022. Available from: https://​
world​healt​horg.​shiny​apps.​io/​page1​0chol​era_​data/.

	45.	 Ministre Oly Ilunga. : « Le choléra constitue aujourd’hui une urgence 
humanitaire de premier plan en RDC » [Internet]. Actualite.cd. 2017 [cited 
2022 Feb 15]. Available from: https://​actua​lite.​cd/​2017/​09/​10/​minis​tre-​
oly-​ilunga-​le-​chole​ra-​const​itue-​aujou​rdhui-​une-​urgen​ce-​human​itaire-​
de-​premi​er.

	46.	 Eberwein WD. Le Paradoxe Humanitaire? Normes et pratiques. Cultures & 
Conflits. 2005;(60):15–37.

	47.	 MINISTERE DU PLAN. Rapport de l’Atelier - Évaluation de l’état de la 
mise en œuvre du Plan Multisectoriel d’Elimination du Cholera (PMSEC) 
2018–2022 en perspective de l’élaboration du PMSEC 2023–2027 (Comité 
National d’action de l’eau, de l’Hygiène et de l’Assainissement). 2022. 
(Available from the Ministry of Health in the DRC).

	48.	 Republic of Haiti, Ministry of Public Health and Population, National 
Directorate for Water Supply and Sanitation. National Plan for the Elimina-
tion of Cholera in Haiti 2013–2022. [Internet]. 2013 p. 1–109. https://​relie​
fweb.​int/​report/​haiti/​natio​nal-​plan-​elimi​nation-​chole​ra-​haiti-​2013-​2022.

	49.	 Rebaudet S, Dély P, Boncy J, Henrys JH, Piarroux R. Toward Cholera Elimi-
nation, Haiti. Emerg Infect Dis. 2021;27(11):2932–6.

	50.	 OCHA. Latin America & The Caribbean Weekly Situation Update (26 Sep-
tember – 2. October 2022) as of 3 October [Internet]. 2022 Oct. Available 
from: https://​relie​fweb.​int/​report/​cuba/​latin-​ameri​ca-​carib​bean-​weekly-​
situa​tion-​update-​26-​septe​mber-2-​octob​er-​2022-3-​octob​er.

	51.	 World Health Organization. Cholera case and death numbers by country 
[Internet]. The Weekly Epidemiological Record. Available from: https://​
www.​who.​int/​wer/​en/.

	52.	 UNICEF. UNICEF Haiti Cholera Humanitarian Situation Report No. 1 - 
Reporting Period: 2–6 October 2022 [Internet]. 2022 Oct. Available from: 

https://www.gtfcc.org/about-cholera/roadmap-2030/
https://www.gtfcc.org/about-cholera/roadmap-2030/
https://journals.openedition.org/factsreports/188
https://plateformecholera.info/attachments/article/554/PMSEC%202018_2022_30032018.pdf
https://plateformecholera.info/attachments/article/554/PMSEC%202018_2022_30032018.pdf
https://plateformecholera.info/attachments/article/554/PMSEC%202018_2022_30032018.pdf
https://plateformecholera.info/attachments/article/554/PMSEC%202018_2022_30032018.pdf
https://tel.archives-ouvertes.fr/tel-00441534
https://donnees.banquemondiale.org/indicator/SP.POP.TOTL?locations=CD
https://donnees.banquemondiale.org/indicator/SP.POP.TOTL?locations=CD
https://www.choleraalliance.org/sites/g/files/dvc3616/files/document/2017/07/PLAN_ELIMINATION_CHOLERA_2013_2017_FAcv28fev_10032015.pdf
https://www.choleraalliance.org/sites/g/files/dvc3616/files/document/2017/07/PLAN_ELIMINATION_CHOLERA_2013_2017_FAcv28fev_10032015.pdf
https://www.choleraalliance.org/sites/g/files/dvc3616/files/document/2017/07/PLAN_ELIMINATION_CHOLERA_2013_2017_FAcv28fev_10032015.pdf
https://www.ins-rdc.org/recensements/recensements/
https://www.ins-rdc.org/recensements/recensements/
https://journals.openedition.org/espacepolitique/1296
https://journals.openedition.org/espacepolitique/1296
http://www.biostat.ulg.ac.be/pages/Site_r/Normalite.html
http://www.biostat.ulg.ac.be/pages/Site_r/Normalite.html
https://www.itl.nist.gov/div898/handbook/eda/section3/eda357.htm
http://www.who.int/gho/epidemic_diseases/cholera/case_fatality_rate_text/en/
http://www.who.int/gho/epidemic_diseases/cholera/case_fatality_rate_text/en/
https://doi.org/10.1017/9781107477261.006
https://www.gtfcc.org/wp-content/uploads/2019/11/guidance-and-tool-for-countries-to-identify-priority-areas-for-intervention1.pdf
https://www.gtfcc.org/wp-content/uploads/2019/11/guidance-and-tool-for-countries-to-identify-priority-areas-for-intervention1.pdf
https://www.gtfcc.org/wp-content/uploads/2019/11/guidance-and-tool-for-countries-to-identify-priority-areas-for-intervention1.pdf
http://cybergeo.revues.org/22022
http://echogeo.revues.org/12640
https://theses.hal.science/tel-00441534
https://worldhealthorg.shinyapps.io/page10cholera_data/
https://worldhealthorg.shinyapps.io/page10cholera_data/
https://actualite.cd/2017/09/10/ministre-oly-ilunga-le-cholera-constitue-aujourdhui-une-urgence-humanitaire-de-premier
https://actualite.cd/2017/09/10/ministre-oly-ilunga-le-cholera-constitue-aujourdhui-une-urgence-humanitaire-de-premier
https://actualite.cd/2017/09/10/ministre-oly-ilunga-le-cholera-constitue-aujourdhui-une-urgence-humanitaire-de-premier
https://reliefweb.int/report/haiti/national-plan-elimination-cholera-haiti-2013-2022
https://reliefweb.int/report/haiti/national-plan-elimination-cholera-haiti-2013-2022
https://reliefweb.int/report/cuba/latin-america-caribbean-weekly-situation-update-26-september-2-october-2022-3-october
https://reliefweb.int/report/cuba/latin-america-caribbean-weekly-situation-update-26-september-2-october-2022-3-october
https://www.who.int/wer/en/
https://www.who.int/wer/en/


Page 14 of 14Taty et al. BMC Public Health         (2023) 23:1592 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

https://​relie​fweb.​int/​report/​haiti/​unicef-​haiti-​chole​ra-​human​itari​an-​situa​
tion-​report-​no-1-​repor​ting-​period-​2-6-​octob​er-​2022.

	53.	 ACAPS. Crisis In Sight Weekly Picks, 5 October 2022 [Internet]. 2022 Oct. 
Available from: https://​relie​fweb.​int/​report/​haiti/​crisi​sinsi​ght-​weekly-​
picks-5-​octob​er-​2022.

	54.	 ECHO. Haiti – Cholera outbreak (DG ECHO, DG ECHO Partners, Ministry of 
Health, WHO/PAHO, MSF, NGOs, Media) (ECHO Daily Flash of 4 October 
2022) [Internet]. 2022 Oct. Available from: https://​relie​fweb.​int/​report/​
haiti/​haiti-​chole​ra-​outbr​eak-​dg-​echo-​dg-​echo-​partn​ers-​minis​try-​health-​
whopa​ho-​msf-​ngos-​media-​echo-​daily-​flash-4-​octob​er-​2022.

	55.	 UNICEF. Amidst insecurity in Haiti, new cholera upsurge puts 1.2 million 
children at risk [Internet]. 2022 Oct. Available from: https://​relie​fweb.​int/​
report/​haiti/​amidst-​insec​urity-​haiti-​new-​chole​ra-​upsur​ge-​puts-​12-​milli​
on-​child​ren-​risk.

	56.	 Taty N, de Vos D, Pirnay JP, Bompangue D. The cholera endemic in the 
Democratique republic of Congo: the last decades. Int J Infect Dis. 
2020;101:122–3.

	57.	 Moore S, Miwanda B, Sadji AY, Thefenne H, Jeddi F, Rebaudet S, et al. 
Relationship between distinct african cholera epidemics revealed via 
MLVA Haplotyping of 337 Vibrio cholerae isolates. PLoS Negl Trop Dis. 
2015;9(6):e0003817–7.

	58.	 Bompangue D, Vesenbeckh SM, Giraudoux P, Castro M, Muyembe JJ, 
Kebela Ilunga B, et al. Cholera ante portas - the re-emergence of cholera 
in Kinshasa after a ten-year hiatus. PLoS Curr. 2012;4:RRN1310.

	59.	 Mremi IR, George J, Rumisha SF, Sindato C, Kimera SI, Mboera LEG. Twenty 
years of integrated disease surveillance and response in Sub-Saharan 
Africa: challenges and opportunities for effective management of infec-
tious disease epidemics. One Health Outlook. 2021;3(1):22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://reliefweb.int/report/haiti/unicef-haiti-cholera-humanitarian-situation-report-no-1-reporting-period-2-6-october-2022
https://reliefweb.int/report/haiti/unicef-haiti-cholera-humanitarian-situation-report-no-1-reporting-period-2-6-october-2022
https://reliefweb.int/report/haiti/crisisinsight-weekly-picks-5-october-2022
https://reliefweb.int/report/haiti/crisisinsight-weekly-picks-5-october-2022
https://reliefweb.int/report/haiti/haiti-cholera-outbreak-dg-echo-dg-echo-partners-ministry-health-whopaho-msf-ngos-media-echo-daily-flash-4-october-2022
https://reliefweb.int/report/haiti/haiti-cholera-outbreak-dg-echo-dg-echo-partners-ministry-health-whopaho-msf-ngos-media-echo-daily-flash-4-october-2022
https://reliefweb.int/report/haiti/haiti-cholera-outbreak-dg-echo-dg-echo-partners-ministry-health-whopaho-msf-ngos-media-echo-daily-flash-4-october-2022
https://reliefweb.int/report/haiti/amidst-insecurity-haiti-new-cholera-upsurge-puts-12-million-children-risk
https://reliefweb.int/report/haiti/amidst-insecurity-haiti-new-cholera-upsurge-puts-12-million-children-risk
https://reliefweb.int/report/haiti/amidst-insecurity-haiti-new-cholera-upsurge-puts-12-million-children-risk

	Spatiotemporal dynamics of cholera in the Democratic Republic of the Congo before and during the implementation of the Multisectoral Cholera Elimination Plan: a cross-sectional study from 2000 to 2021
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and site
	Surveillance data sources
	Identification and classification of cholera sanctuary zones
	Microbiological data
	Population data
	Data organization and analysis
	Cartography
	Cluster analysis

	Results
	Epidemiological description of cholera cases and deaths
	Biological results
	Epidemiological description of cholera patterns in the endemic and non-endemic provinces in the DRC before and during the implementation of the MCEPs
	Evolution of cholera epidemiology in the endemic provinces
	Evolution of health zone cholera profiles during the three MCEP periods

	Discussion
	Conclusion
	Anchor 25
	Acknowledgements
	References


