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Abstract
Background

The Democratic Republic of the Congo (DRC) implemented the first strategic Multisectoral Cholera
Elimination Plan (MCEP) in 2008-2012. Two subsequent MCEPs have since been implemented covering
the periods 2013-2017 and 2018-2022. 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). Several 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 (p-value > 0.05). 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; environmental and health indicators at the local level. Additional studies should
also aim to identify bottlenecks and gaps in the coordination and strategic efforts of cholera elimination
interventions at the local, national and international levels.
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Background

Cholera is a highly contagious diarrheal disease caused by toxigenic strains of Vibrio cholerae
serogroups O1 and 0139 (1). The disease is primarily contracted by ingesting water or food
contaminated with the bacterium. Cholera symptoms include diarrhea, sometimes accompanied by
vomiting, which occurs within hours to five days after infection (2). Without treatment, acute dehydration
induced by the disease results in death within hours in more than half of cases. Case management,
which consists mainly of rehydration, significantly reduces the mortality rate to less than 1% (3).

A total of seven cholera pandemics have been documented, the current and longest of which has been
raging 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 Province 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 cholera cases, with hundreds of deaths that
could be prevented 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 eliminate the disease as a public health threat
in affected countries by the year 2030 (11). To achieve cholera elimination, the multidisciplinary package
of activities 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 education (collective hand and food
hygiene); and oral cholera 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 conducted in the country from 2005 to 2007. The first
strategic 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 targeted
development activities such as drinking water supply projects in two cholera foci: Kalemie and Uvira (14).
The third plan covers the period from 2018 to 2022.

Cholera elimination strategies should be guided by an in-depth understanding of local cholera dynamics.
Studies conducted in the Great Lakes region of eastern DRC have highlighted the seasonal patterns of

cholera epidemics and identified certain health zones where the disease persists during relative lull
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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 disease throughout the country (15,16).

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 sanctuary 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) (15). 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
implementation 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 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 outbreaks 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 choleraeisolates obtained from the National Institute of Biomedical Research (NIBR) from
2015-2021. 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 covers an area of 2,345,000 km?. In 2020, the country had
an estimated population of more than 80 million inhabitants (17). The Congo River crosses almost the
entire country from east to west over 4,700 km. The DRC's lakes are primarily located in the east of the
country, including Lake Tanganyika, Lake Kivu, Lake Mweru, Lake Edward and Lake Albert. There are
many small lakes around the Congo River basin, the largest of which is Lake Upemba in Bukama Health
zone. 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 tropical 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. The country is divided into 26 provinces (Fig. 1) and 518 health zones.

Surveillance data sources
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The weekly epidemiological data from 2000—2021 were obtained from the DRC Ministry of Health. The
Integrated 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. Passive surveillance is coupled with active surveillance
during 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 sanctuary zones has been previously described (14).
Briefly, cholera sanctuary zones were identified at the health zone level based on epidemiological
parameters (number of suspected cases notified per week, persistence of suspected cholera cases and
attack rate per 100,000 inhabitants) and environmental indicators (proximity to the lake; presence of a
lake, port or road in the health zone).

Classification of provinces according to cholera profile

Cholera-endemic provinces

Provinces that report cholera cases in a continuous or metastable manner. These provinces have at least
one cholera sanctuary according to the MCEP 2018-2022 classification. During the MCEP-3 period, six
provinces were considered cholera endemic (lturi, North Kivu, South Kivu, Tanganyika, Haut Lomami and
Haut Katanga), and in these provinces, 29 health zones have been identified as cholera sanctuary zones
(18).

Non-endemic provinces

Provinces without cholera sanctuary health zones were considered non-endemic for cholera.
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
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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 number 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 stable population growth of 1.03.

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 Microsoft Excel and R software.

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 (19).
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, which indicated that the data
are normally distributed (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) (21). 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. (22). 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 produced 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 inhabitants. Attack rate maps
were generated using QGIS 3.16 Madeira software with shapefiles obtained from www.DIVA-GIS
gis.org/gdata.
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Cluster analysis

For each time period, we performed a retrospective cluster analysis using a Poisson-based space-time
permutation scan statistic according to Kulldorff et al. (23) with SaTScan software version 9.6. We
identified risk clusters at the provincial level with a reactive risk >1 and a p-value>0.05 (24). 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. 2). Every province in the country and 498 of 518 (96%) health zones reported
suspected cholera cases. In 2017, the DRC recorded the highest annual humber of cholera cases since
2000, with more than 53,000 suspected cholera cases (Fig. 2). During the study period, the average
annual case fatality rate was above 1%, thus indicating suboptimal or delayed medical treatment.

At the national level, we did not observe a significant difference in terms of numbers of cases and deaths
before and during the implementation of each MCEP (p-value >0.05) (Table I). During the pre-MCER,
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. 3).

Table I. Comparison of average cholera case numbers during each period.

Periods compared Difference in average case numbers  Std.error tvalue 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 - PreeMCEP  -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
Adjusted p-values reported - single-step method.

Biological results
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From 2015 to 2021, a total of 7,518 stool samples were collected from 189,165 suspected cholera cases
(collection 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 43.5-11.1%)
(Table II).

Table Il. Distribution of suspected cholera cases, number of stool samples taken and number of positive
culture samples.

Year Total suspected Number of stool Number of stool culture samples that tested
cholera cases ﬁlalngples sent to the 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%)

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. 4).

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
study period, we found that the proportion of cases in endemic provinces decreased over time, while the
proportion of cases in non-endemic provinces increased (Table Ill and Fig. 5).

From 2000-2021, 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
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Tanganyika (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 during 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 periods (Fig. 6).

Province-level cholera risk clusters were largely concentrated in endemic provinces. During the pre-MCEP
period, clusters were identified in five endemic provinces and one non-endemic province (Haut-Uélé); the
risk was highest in the northeastern provinces. After the implementation of the MCER 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 Kasai-Oriental (MCEP-3) (Fig. 7).

Table lll. Annual proportion of cases and deaths in the DRC per province, before and during each MCEP
period.
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Province

Pre-MCEP (2003-

2007)

Total
cases

(%)

Endemic provinces

Haut Katanga

Haut Lomami

[turi

North Kivu

South Kivu

Tanganyika

Tota] endemic
provinces

6046
6.1)

16780
(16.9)

4220
(4.2)

19471
(19.6)

28688
(28.8)

19055
(19.1)

94260
(94.7)

Non-endemic provinces

Bas-Uele

Equateur

Haut-Uele

Kasai oriental

Kasai

Kinshasa

Kongo central

Kasai central

1(0.0)
9 (0.0)
0(0.0)
2747
(2.8)

0(0.0)
7 (0.0)
280

(0.3)
0(0.0)

Total
deaths

(%)

213
(9.2)

572
(24.8)

174
(7.5)

447
(19.4)

252
(10.9)

425
(18.4)

2083
(90.2)

0(0.0)
0(0.0)
0(0.0)
120

(5.2)

0(0.0)
0(0.0)

5(0.2)

0(0.0)

MCEP-1 (2008-

2012)

Total Total
cases deaths
(%) (%)
6999 151
(5.7) (7.6)
7258 242
4.7) (12.2)
5812 181
4.7) 9.1)
34617  0(0.0)
(28.2)

37214 197
(30.3) (9.9)
13152 83
(10.7) (4.1
105052 854
(85.5) (43.0)
716 29
(0.6) (1.4)
2778 86
(2.3) (4.3)
437 14
(0.4) (0.7)
0(0.0) 0(0.0)
0(0.0) 0 (0.0)
1936 37
(1.6) (1.8)
1284 15
(1.0) (0.7)
0(0.0) 0(0.0)
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MCEP-2 (2013-
2017)

Total Total
cases deaths
(%) (%)
14605 332
(10.3) (11.8)
13835 324
9.7) (11.5)
4537 150
(3.2) (5.3)
27744 209
(19.6) (7.4)
33638 131
(23.7) (4.7)
15517 264
(10.9) (9.4)
109876 1410
(77.6) (50.0)
363 11 (0.4
(0.3) 0.4
3734 126
(2.6) (4.5)
1(0.0) 0(0.0)
12 1(0.0
(0.0) 0.0)
1384 99 (3.5)
(1.0)

909 66 (2.3
(0.6) 23)
4438 126
(3.1) (4.5)
1(0.0) 0(0.0)

MCEP-3 (2018-
2021)
Total Total
cases deaths
(%)

(%)
9578 307
(10.3)  (15.0)
7199 162
(7.7) (7.9)
866 33
(0.9) (1.6)
15751 109
(16.9)  (5.3)
22992 124
(24.7)  (6.1)
14157 184
(15.2) (9.0)
70543 919
(75.8) (44.8)
5(0.0) 1(0.0)
906 57
(1.0) (2.8)
1(0.0) 0(0.0)
7839 332
(8.4) (16.2)
1955 131
2.1 (6.4)
1355 29
(1.5) (1.4)
1921 93
(2.1) (4.5)
530) 0 (0.0)




Province Pre-MCEP (2003-  MCEP-1 (2008- MCEP-2 (2013- MCEP-3 (2018-
2007) 2012) 2017) 2021)
Total Total Total Total Total Total Total Total
cases deaths cases deaths cases deaths cases deaths
(%) (%) (%) (%) (%) (%) (%)
(%)
Kwango 28 6(03) 0(0.00 19 1(0.0) 0(.00 0(.00 0(0.0)
(0.0) (0.9)
Kwilu 12 0(0.0) 301 0(0.0) 672 46 (1.6) 429 39
(0.0) (0.2) (0.5) (0.5) (1.9)
Lomami 35 7(0.3) 0(.00 87 2401 96 (3.4) 1811 123
(0.0) 4.3) 1.7) (1.9) (6.0)
Lualaba 388 37(1.6) 2426 198 590 24 (0.9) 1463 58
(0.4) (2.0) (9.9) (0.4) (1.6) (2.8)
Mai-Ndombe  0(0.0) 0(0.0) 3722 14 1612 72 (2.6) 1369 93
(3.0) (0.7) (1.1) (1.5) (4.5)
Maniema 1615 39(1.7) 560 26 6828 165 330 15
(1.6) (0.5) (1.3) (4.8) (5.9) (0.4) (0.7)
Mongala 0(0.0) 0 (0.0) 544 10 3263 205 30 2 (0.1)
(0.4) (0.5) (2.3) (7.3) (0.0)
Nord Ubangi 0(0.0) 0(0.0) 0(0.0) 324 443 49 (1.7) 1(0.0) 1(0.0)
(16.3) (0.3)
Sankuru 130 9(0.4) 0(.00 61 507 46 (1.6) 2301 144
(0.1) (3.0) (0.4) (2.5) (7.0)
Sud Ubangi 1(0.0) 0 (0.0) 837 187 12 0 (0.0) 10 0 (0.0)
(0.7) (9.4) (0.0) (0.0)
Tshopo 19 1 (0.0) 1701 21 4495 274 662 11
(0.0) (1.4) (1.0 (3.2) (9.7) (0.7) (0.5)
Tshuapa 0(0.0) 0(0.0) ?82) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
0.4
Total non- 5272 224 17724 1128 31666 1406 22417 1129
endemic (5.2) 9.7) (14.4) (56.9) (22.3) (49.9) (24.1) (55.1)
provinces

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. 8 and Table IV).
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Table IV. Lulls in cholera cases of more than four weeks in the endemic provinces.

Number of interruptions of more than four weeks
Endemic provinces Pre-MCEP MCEP-1 MCEP-2 MCEP-3
South Kivu 0 0 1(5,5) 0
North Kivu 0 0 1(5,5) 0
Tanganyika 0 0 0 0
Haut-Lomami 2(7,9) 2(7,9) 2(5,9) 1(7,7)
Haut-Katanga 7(511) 7(511) 4(6,10) 5(5,14)
lturi 8(5,34) 7(5,35) 6(5,22) 6(15,32)
The minimum and maximum number of weeks with 0 cases are indicated in parentheses.

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 V). Six
health zones were considered cholera sanctuary zones during 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 during the study period. Four
health zones identified as sanctuary 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
during the MCEP-2 period (representing 45% of the cases reported during the MCEP-3 period), 11 new
health zones and four health zones identified during MCEP-1.

Table V. Health zones identified as cholera sanctuaries during each of the three MCEP periods.
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Province Health zone MCEP-1 MCEP-2 MCEP-3
Haut Katanga Kasenga
Kilwa
Pweto

Haut Lomami Bukama

X X X X X

Butumba
Kabondo-Dianda
Kinkondja X
Malemba-Nkulu X
Mukanga

[turi Angumu
Bunia X
Mahagi
Nyarambe
Tchomia

North Kivu Goma X

Karisimbi X

X X X X

Kirotse
Masisi
Mutwanga
Mweso X

Nyiragongo

X X X X X X X X X X X X X X X X X X X

Rutshuru

South Kivu Bagira X
Fizi X X
Ibanda X
Kadutu X X X
Katana X

Minova X X
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Province Health zone MCEP-1 MCEP-2 MCEP-3
Nundu X
Uvira X X X
Tanganyika Kalemie X X X
Moba X X
Nyemba X X X
Total per period 14 14 29

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 provinces and 498 of 518 (96%) health zones reported suspected 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
provinces increased. The high case fatality rate of 2.4% (25) may be due to delays in the surveillance
system to trigger a rapid response (26) and/or delayed access to healthcare facilities among patients
because of insufficient knowledge about cholera or distance from health centers (27). 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 (28).

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 prioritize sanctuary zones, which focused
essentially on epidemiological 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 classification of the health zones in the DRC did not take into account
the social factors (e.g., literacy rates). In 2019, the Global Task Force on Cholera Control recommended
that countries integrate water, sanitation and hygiene (WASH) indicators and contextual factors to
identify at-risk areas, but only in locations where cholera transmission is low (29).

To better orient epidemic prevention and preparedness activities, health zones should be classified and
prioritized based on epidemiological, WASH (e.g., access to drinking water and hygienic toilets), socio-
economic, environmental and health indicators (e.g., number of doctors, number of nurses, rate of
attendance at health facilities and rate of chronic malnutrition) (19) (30,31). The health zone
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classification should also be updated as needed to assess evolving cholera dynamics in the country and
monitor the cholera elimination progress and lessons learned in each health zone. Furthermore,
subsequent studies should also investigate the factors that influenced the reduction in case numbers in
Ituri Province 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 MCER, failure to adhere to
established strategies and substandard implementation in the field by the various actors. Indeed, the
cholera context in the DRC has not improved in recent years despite significant advances in the
understanding of environmental cholera dynamics (32), the establishment of effective community-based
control strategies (33) and new tools to control cholera such as vaccination (34). 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 cholera studies conducted in the DRC from
2000-2007 have identified the same seasonal pattern (35). 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
investigations revealed that limited prevention and preparedness 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. The anticipation and rapid containment of
this epidemic could have prevented this health crisis and countless avoidable deaths (36). Control efforts
largely involved punctual response activities with little to no preparedness activities. Additional studies on
the cholera outbreak response in the DRC should aim to identify bottlenecks and gaps at the local,
national and international levels (37).

The DRC still faces major challenges to eliminate cholera, including coordination of MCEP interventions,
orienting 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
MCERP , play a leading role in the implementation of the plan, and channel 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 evaluation reports have indicated insufficient funding as a major
obstacle to implement the MCEP. 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
the Environment and the Ministry of Fisheries and Livestock) 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 (33). In 2012, Haiti established a cholera elimination plan that was inspired
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by the DRC's cholera management strategy (38). Thanks to the highly coordinated efforts, this country
reported its last confirmed case in February 2019 and remained cholera-free for over three years (39,40).
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 (41).

To declare the elimination of cholera in the DRC, the Congolese government has set the threshold at one
culture-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
inthe DRCin 2011 and 2012 (42), when a large-scale epidemic 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 (43). 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 (42). Furthermore, isolates in the
DRC were distinct from those collected in West Africa (Togo and Guinea) during the same timeframe (42).
Additional phylogenetic studies of Vibrio cholerae strains circulating in the DRC should be conducted to
establish a link between separate outbreaks and better understand the current disease dynamics, thereby
bolstering cholera elimination strategies in the country.

Some study limitations should be noted. These analyses were conducted on data of suspected cholera
cases collected by the disease surveillance and response system, which probably does not accurately
reflect the real burden of cholera in the DRC because these data only take into account patients who
consulted health facilities (44). 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 (45).

Conclusion

The DRC implemented the first national cholera elimination plan in 2008. To date, three cholera
elimination plans have been developed in the country (during 2008-2012, 2013-2017 and 2018-2022).
Despite the implementation 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
sanctuary zones has largely increased over time. This lack of progress in cholera elimination may be due
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to limitations in the method used to identify and prioritize sanctuary zones, which focused essentially on
epidemiological parameters and some environmental indicators. To better prioritize high-risk health zones
and orient epidemic prevention and preparedness activities, cholera sanctuary zones should be classified
based on epidemiological, WASH, socio-economic, environmental and health indicators. It is also
essential to strengthen surveillance (including laboratory analysis of specimens) for a more rapid
response, to lower the case fatality rate and to better understand the epidemiology of the disease.
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.
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Annual number of suspected cholera cases and case fatality rate in the DRC from 2000 to 2021.
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Figure 3

Seasonal cholera outbreak patterns in the DRC before and during each MCEP period. Decomposition of
time series into three components: season, trend and remainder. The alternating white and tan stripes
represent the rainy and dry seasons, respectively.
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Figure 6

Cholera attack rate in the DRC at the province level before and during each MCEP period (per 100,000
inhabitants).
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Cholera risk clusters in the DRC at the provincial level, before and during each MCEP period.
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Figure 8

s, 2000-2021.
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Weekly number of cholera cases in cholera-endem
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