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ABSTRACT
Introduction Household contacts of cholera cases are 
at a greater risk of Vibrio cholerae infection than the 
general population. There is currently no agreed standard 
of care for household contacts, despite their high risk of 
infection, in cholera response strategies. In 2018, hygiene 
kit distribution and health promotion was recommended 
by Médecins Sans Frontières for admitted patients and 
accompanying household members on admission to a 
cholera treatment unit in the Democratic Republic of 
Congo.
Methods To investigate the effectiveness of the 
intervention and risk factors for cholera infection, we 
conducted a prospective cohort study and followed 
household contacts for 7 days after patient admission. 
Clinical surveillance among household contacts was based 
on self- reported symptoms of cholera and diarrhoea, and 
environmental surveillance through the collection and 
analysis of food and water samples.
Results From 94 eligible households, 469 household 
contacts were enrolled and 444 completed follow- up. 
Multivariate analysis suggested evidence of a dose- 
response relationship with increased kit use associated 
with decreased relative risk of suspected cholera: 
household contacts in the high kit- use group had a 66% 
lower incidence of suspected cholera (adjusted risk ratio 
(aRR) 0.34, 95% CI 0.11 to 1.03, p=0.055), the mid- use 
group had a 53% lower incidence (aRR 0.47, 95% CI 
0.17 to 1.29, p=1.44) and low- use group had 22% lower 
incidence (aRR 0.78, 95% CI 0.24 to 2.53, p=0.684), 
compared with household contacts without a kit. Drinking 
water contamination was significantly reduced among 
households in receipt of a kit. There was no significant 
effect on self- reported diarrhoea or food contamination.
Conclusion The integration of a hygiene kit intervention 
to case- households may be effective in reducing 
cholera transmission among household contacts and 
environmental contamination within the household. Further 
work is required to evaluate whether other proactive 
localised distribution among patients and case- households 
or to households surrounding cholera cases can be used 
in future cholera response programmes in emergency 
contexts.

INTRODUCTION
Annually, there are an estimated 
1.3–4.0 million cases of cholera worldwide 
resulting in between 21 000 and 143 000 
deaths.1 The Democratic Republic of Congo 
(DRC) accounts for 5%–14% of the global 
cholera burden annually,2 with >56 000 
cholera cases and 1190 deaths in 2017 alone.3 
DRC has been experiencing outbreaks of 
cholera annually since the 1970s2 while also 
experiencing multiple humanitarian crises 
across the country that in turn exacerbate the 
risk of cholera epidemics.2 4–7

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study is one of few published evaluations on 
the effectiveness of water, sanitation and hygiene 
interventions for cholera control from an emergency 
context, and within the confines of a rapid response 
to an outbreak.

 ⇒ This study was conducted outside of controlled 
study conditions and among challenges of an ongo-
ing humanitarian crisis and reflects potential study 
designs that can be used in complex settings.

 ⇒ Randomisation was not logistically feasible in this 
setting and the acute phase of an emergency re-
sponse and our study thus relies on a comparison 
group who did not receive the intervention due to 
implementation failures rather than deliberate study 
design.

 ⇒ Unfortunately, we had originally aimed to enrol 250 
cholera cases and their households, expected to be 
at least 985 household contacts, but due to political 
tensions in the region less than half (n=94) were 
enrolled and only 444 household contacts had com-
plete data.

 ⇒ Information on developing cholera or diarrhoea was 
self- reported and may have resulted in recall bias. 
Additionally, the ascertainment of our primary out-
come by self- report may lead to misclassification of 
our outcomes.
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Risk factors for infection with Vibrio cholerae include 
the consumption of contaminated water and food, not 
washing hands with soap prior to eating and living in the 
same household as a cholera case.8 Several studies have 
found that household contacts of cholera cases are at 100 
times higher risk of becoming infected than the general 
population,9–11 particularly during the first 7–10 days after 
a cholera case becomes symptomatic and seeks care at a 
healthcare facility (HCF).9 10 12 This is due to the prolific 
shedding of V. cholerae by symptomatic and asymptomatic 
cases which can last up to 14 days after onset of symp-
toms.13–15 Up to 80% of V. cholerae transmission can occur 
within households,16 17 and cases have been observed to 
cluster within 200m of case- households during the first 
5 days after the case becomes symptomatic.18–20 These 
high secondary transmission rates suggest an important 
role for human- to- human transmission at the household 
level via contamination of shared stored drinking water 
and/or food, and inadequate hygiene practices such as 
handwashing with soap.8 21

For patients with suspected cholera admitted to HCFs, 
the standard package of care includes case manage-
ment with oral rehydration solution (ORS) or intra-
venous fluids and infection prevention and control 
(IPC) to prevent transmission from the patient to staff 
or within the cholera treatment unit (CTU) or centre 
(CTC).13 22–26 Guidelines to limit cholera transmission 
have historically directed attention to community- wide 
interventions rather than being targeted to case- areas 
or case- households.22–30 While work has sought to either 
define packages of care for household contacts31 32 or 
to calculate the speed or area at which interventions 
should be delivered, that is, through case- area targeted 
interventions (CATI),19 33–38 there is currently no agreed 
standard of care for household contacts or households 
surrounding case- households, despite their high risk of 
infection.

Since 2017, hygiene kit distribution combined with 
health promotion has been recommended in guide-
lines by the international non- governmental organisa-
tion (NGO), Médecins Sans Frontières (MSF), as a rapid 
and localised intervention for patients and their accom-
panying household members on admission to a CTU/
CTC.22 The hygiene kit is intended to be used at the 
household- level and typically includes a container (eg, 
10– L) for water collection and storage, bars or bags of 
soap, point of use (POU) water treatment product/s (eg, 
chlorine, filters and/or flocculant disinfectants) and a 
handwashing device (eg, a 10 L bucket with tap).22 Health 
promotion and contact with the patient and their accom-
panying household member when seeking treatment 
in the HCF provides an opportunity for intervention 
delivery, particularly as the perceived severity of disease 
and the perceived benefits of the intervention are likely 
to be highest.39–42 Hygiene kit distribution combined 
with health promotion has been part of MSF’s response 
strategy and accompanies case management, community- 
wide health promotion, support to the healthcare system 

and enhanced surveillance for the duration of the 
outbreak.43

The CHOBI7 RCT in Dhaka, Bangladesh, which demon-
strated a 50% reduction in symptomatic and asymptom-
atic cholera infection among household contacts from 
a similar yet more intensive intervention strategy,31 and 
other work in Haiti35 and Yemen,44 has supported this 
change to the MSF guidelines and concentration on CATI 
or CATI- like responses in emergencies. In addition, there 
are a few other published studies on water, sanitation and 
hygiene (WASH) interventions to support guidelines and 
practice, but while the studies did report reductions in 
cholera incidence between 25% and 75%, they are of vari-
able study quality and predominantly community- wide 
interventions.45–50 To date, which WASH interventions to 
include for cholera control as part of CATI or targeted to 
case- households in other response formats have not been 
extensively evaluated in humanitarian settings or outside 
of controlled study conditions.32 34 45 51–54

METHODS
Study design
In this prospective cohort study, we investigated the effec-
tiveness of hygiene kit distribution combined with health 
promotion to reduce suspected cholera and self- reported 
diarrhoea among household contacts of patients with 
suspected cholera admitted to MSF- supported CTUs in 
Kasaï-Oriental province, DRC. Patient- household sets 
were enrolled consecutively during the study period irre-
spective of whether they received the MSF hygiene kit. 
This was an observational study and the intervention was 
not allocated to particular groups. Households were revis-
ited after 7 days, and data were analysed for the associ-
ation between hygiene kit use and disease outcomes as 
well as the evolution of water and food contamination 
from enrolment to 7- day follow- up. We have separately 
published a process evaluation conducted in parallel to 
this study which evaluates the implementation and popu-
lation response to the distribution of hygiene kits during 
an emergency response to a cholera outbreak in DRC.43

Study site and period
The Programme National d’Elimination du Choléra 
et de lutte contre les autres Maladies Diarrhéiques 
(PNECHOL- MD) issued a country- wide alert of a labo-
ratory confirmed cholera case in Kasansa district, 
Kasaï-Oriental province, DRC, on 9 August 2018 (Epide-
miological Week 28 (W28)).55 A second alert and call for 
assistance came from the PNECHOL- MD on 22 August 
2018 (W34).56–58 The cholera response in Kasansa was 
led by the Ministry of Health (MoH) and supported by 
MSF over a 5- week period between 22 October and 23 
November 2018 (W43–47). Between W28 and W42, there 
were 443 suspected cholera cases and 29 deaths across 
Kasansa. A further 224 suspected cholera cases and 3 
deaths occurred during the MSF response between W43 
and W47. The overall case fatality ratio (CFR) was 5% and 
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the attack rate (AR) of suspected symptomatic cases in 
the population was 0.28% between W28 and W47.55 57–64

During the outbreak, MSF supported seven govern-
ment HCFs, two CTUs and five Oral Rehydration Points 
(ORPs) with case management, essential medicine supply, 
enhanced surveillance, community- level health promo-
tion and infrastructure improvements. A total of 196 
suspected cholera cases (75% of total reported suspected 
cases) were treated across all seven MSF- supported HCFs 
(121 in CTUs and 75 in ORPs) between W43 and W47. 
This study was conducted in the only two HCFs in the 
district, both of which were supported by MSF. Data 
were collected for this study between 22 October and 4 
December 2018 (W43 and W49).

Study intervention
In this cholera response, the MSF hygiene kits distributed 
included a 20 L container for water collection and storage, 
1 kg of bar soap, a 2- month supply of POU water treatment 
products (Aquatabs disinfectant and/or P&G Purifier 
of Water combined flocculant/disinfectant) and a 10 L 
bucket with tap as a handwashing device. One hygiene kit 
per household, accompanied by standard WASH- related 
health promotion messages, was delivered by community 
health workers (CHWs) to the household contacts of 
patients on the day of the patient’s admission at either of 
the two MSF- supported CTUs. The WASH- related health 
promotion messages included the following components: 
cholera transmission (e.g., F- diagram); encouraging case- 
seeking behaviours at HCFs; treatment at MSF facilities 
is free of charge; increase in water stored in the house-
hold (by using the water container provided to you); 
boil or treat drinking water; limit open defecation; prac-
tice safe corpse preparation; wash hands at key times 
(before eating, before food preparation, after toilet, after 
changing a baby’s nappy, after caring for the ill/ contact 
with a cholera case).43 The hygiene kit was intended to be 
delivered to the households of all patients, regardless of 
their participation in the study. However, due to imple-
mentation challenges described in a parallel process 
evaluation published elsewhere,43 there were delays 
in receiving the hygiene kits to the project site and the 
initial households seeking care and later enrolled into 
the study had not received a hygiene kit or health promo-
tion at the HCF. Only accompanying household contacts 
of the admitted patient received the health promotion 
messages.

Study participants
All suspected cholera cases, defined as patients admitted 
with acute watery diarrhoea (three or more loose stools 
over a 24- hour period) and/or moderate to severe dehy-
dration, using the WHO definitions,22 30 were eligible 
for enrolment into the study. Patients were not selected 
randomly and were enrolled through a convenience 
sample as they were admitted to the CTU. We excluded 
any patients aged <2 years old and/or who had a house-
hold contact previously or currently enrolled in the study. 

All patients were tested for the presence of V. cholerae on 
rectal swab samples using the SD Bioline Rapid Diagnostic 
Test (RDT).65 66 All rectal swab samples were transferred 
to Cary- Blair media and enriched in alkaline peptone 
water (APW) for 24 hours at room temperature (approxi-
mately 25–27°C)67–69 prior to testing by RDT. Patients and 
patient- household sets were retained in the study regard-
less of their RDT result.

Household contacts were defined as individuals 
sleeping under the same roof and sharing a cooking 
pot with the suspected cholera case during at least the 
previous 5 days. Eligible household contacts present at 
the CTU at the time of patient enrolment were invited 
to participate in the study, and a household visit was 
made within 48 hours of patient enrolment to recruit 
the remaining household contacts. To be eligible for 
the study, household contacts had to plan to reside in 
the house for the following 2 weeks. Follow- up visits were 
conducted at households 7 days after the case presented 
at the CTUs.

Data collection
Exposure to the intervention
Measures of intervention compliance within households 
which received a hygiene kit were prespecified, based 
on standard WHO or WHO/UNICEF Joint Monitoring 
Programme indicators70 71 and included: availability of a 
20 L drinking water container distributed as part of the 
intervention; presence of water in the 20 L container; 
presence of Aquatabs or P&G Purifier of Water, specif-
ically distributed as part of the intervention; a recom-
mended cut- off value of 0.5 mg/L free residual chlorine 
(FRC) for household drinking water;71 72 availability of 
soap, specifically distributed as part of the intervention; 
presence of soap within 2 m of the toilet; presence of soap 
within 1 m of the kitchen area and availability of the 10 L 
handwashing bucket with tap including the presence of 
water and soap.

To assess the association between presence of the inter-
vention, intervention compliance and our outcomes of 
interest, we established four subgroups: no kit, low use 
of kit, medium use of kit and high use of kit. Receipt of 
the kit by the household was confirmed at the CTU and 
verified by observation at the household. All groups came 
from the same study population. Households in the no kit 
group were not randomly allocated at the CTU and the 
reason they did not receive a kit was due to delayed imple-
mentation.43 For the other three subgroups, intervention 
compliance was not random but based on assessing by 
first estimating the percentage of physical kit components 
used by the household and then categorising households 
and the individuals residing in the house as high (71%–
100%), medium (31%–70%) or low (0%–30%) users. 
These equally sized categories were selected owing to the 
limited evidence on the relative effect of individual kit 
components.53
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Clinical outcomes
The occurrence during the ensuing 7- day follow- up 
period of syndromes consistent with cholera (hereafter 
referred to as ‘suspected cholera’) as well as self- reported 
diarrhoea, were ascertained among household contacts 
based on verbal report. A 7- day follow- up period was 
selected based on the 7–10- day high risk period for trans-
mission following admission to a HCF, as noted in other 
work,9 10 12 and feasibility for follow- up. Each household 
contact reported their own symptom history, with care-
givers reporting disease for children. Suspected cholera 
was defined as diarrhoea (three or more loose stools over 
a 24- hour period), vomiting and/or attending a HCF with 
suspected cholera in the past 5 days.13 22 Self- reported 
diarrhoea was defined as three or more loose stools over 
a 24 hours period, with or without the presence of blood, 
in the past 5 days.73 We were unable to confirm cholera 
through RDT or by culture among household contacts 
during this study.

Environmental outcomes
Stored water samples were collected at enrolment and 
7- day follow- up whereas source water was collected only at 
enrolment. Food samples were collected when prepared 
food was available at both visits. Environmental samples 
were collected in 100 mL Whirl- Pak bags (Nasco, Fort 
Atkinson, Wisconsin, USA) and transported with ice packs 
in cooler bags to the purpose- built laboratory at the CTU.

Water samples were tested for the presence of Enterococcus 
spp (coliform forming units per 100 mL (CFU/100 mL)),a 
thermotolerant faecal indicator bacteria,74–76 by culture 
on Enterococcus indoxyl-β-D- glucoside (mEI) selective 
medium through standard membrane filtration tech-
niques.77 FRC concentrations (mg/L) were measured 
with using a pool tester. The recommended thresholds 
for chemical and physical characteristics of water samples 
included 1.0 mg/L FRC for water sources 0.5 mg/L FRC 
for stored drinking water and 5 NTU for both source and 
stored water.72

Enterococci were also enumerated in food samples, of 
which a 5 g aliquot was diluted in 50 mL of sterile water, 
homogenised by shaking and allowed to settle. The 5 mL 
volumes of supernatant were filtered through sterile 
membranes with 50 mL of sterile water.

All environmental samples were processed for incuba-
tion at 41°C for 24 hours in a Wagtech Potatest 2 incubator 
(Palintest, Tyne & Wear, UK) within 6 hours of collection. 
Method blanks and positive controls were analysed in 
each batch of samples. The number of CFU/100 mL was 
counted and microbiological contamination of water and 
food samples was defined as >10 CFU/100 mL of detect-
able Enterococcus spp according to previously published 
work.22 72 74–76

Data collection procedures
Household data were collected through structured ques-
tionnaires written in English, translated to French and 
then back translated to confirm wording. The French 

translations were required for training of the enumera-
tors and while the study site was still being determined 
as it was dependent on where the next cholera outbreak 
would be in DRC. Once the study site was confirmed as the 
Tshiluba- speaking Kasaï-Oriental, Tshiluba translations of 
the questions were checked during training of the local 
enumerators and all enumerators were asked to come to 
consensus on how to ask particular questions. Question-
naires were administered in the local language (Tshiluba) 
by two- person teams of Congolese enumerators speaking 
French and Tshiluba. Survey data were entered directly 
onto tablets through KOBO Toolbox platform (Harvard 
Humanitarian Initiative, Cambridge, Massachusetts, 
USA). Questionnaires were administered to all available 
household contacts at enrolment and 7- day follow- up. 
Individual and household characteristics that may have 
confounded the association between the intervention 
and the outcomes of interest were measured. A separate 
questionnaire administered to the head of each house-
hold was used to assess access to, and use of, WASH inter-
ventions, in accordance to global standard definitions by 
the WHO/UNICEF Joint Monitoring Programme.70 The 
individual and household questionnaires can be found in 
online supplemental file 1.

Sample size
We wished to detect a reduction of at least 50% (relative 
risk ≤0.5) in suspected cholera risk among household 
contacts with high kit use, compared with those with no 
use of the hygiene kit, with 5% significance and 80% 
power. We assumed a 20% risk of suspected cholera in 
the unexposed (no use of the kit) group,11 21 yielding a 
sample size of 197 people per group. Further assuming 
that the high- use and no use kit groups were each ≥20% 
of the study population, a total of 985 individual house-
hold contacts were needed. Assuming a mean household 
size of five people (average household sizes are 5.3 across 
DRC78) for each case, and a loss to follow- up of 25%, we 
aimed to enrol 250 cholera cases and their households in 
the study.

Due to ongoing political instability in the country4 and 
upcoming elections in December 2018,79 the study was 
stopped mid- way and did not reach the intended sample 
size.

Statistical analysis
All statistical analyses were conducted in Stata V.16 (Stata, 
College Station, Texas, USA).

For clinical outcomes, log generalised linear models 
(GLM) with a binomial distributional assumption were 
fitted to estimate the relative risk (risk ratio, RR) of 
household contacts developing suspected cholera and 
self- reported diarrhoea between enrolment and 7- day 
follow- up, with robust standard errors to account for 
household clustering. The association of exposure to 
the intervention, no kit, low- use, mid- use and high- use, 
with the outcomes was tested univariately and adjusted 
for potential confounders or effect modifiers, including 

https://dx.doi.org/10.1136/bmjopen-2021-050943
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socioeconomic status (SES), environmental conditions 
(water source, sanitation type), handwashing and water 
and food storage practices, selected based on an a priori 
causal framework (online supplemental file 2) and 
Theory of Change previously published for this inter-
vention.43 All variables were converted to categorical 
variables according to appropriate thresholds. Variables 
with a p value of 0.1 in univariate analysis, as well as those 
variables that were related to the outcome in our causal 
framework, were considered for inclusion in the multi-
variable model. Each such variable was included into the 
model in turn, and likelihood ratio tests (LRT) were used 
to compare the base model with each new model. This 
process was repeated until no variables left improved 
model fit. Variables included in the final multivariable 
model were also checked for interaction and collinearity.

For environmental outcomes, censored tobit linear 
regression models (selected because of right- censoring 
in the outcomes: CFU levels were only quantified up to 
1000/100 mL) were used to assess the change in coli-
form density counts of Enterococcus spp (CFU/100 mL) 
in water and food samples between enrolment and 7- day 
follow- up. As data were longitudinal, we treated house-
holds as a random effect. Because of low sample size for 
this analysis, we considered receipt of the kit as the expo-
sure, irrespective of use. Exposure to the intervention and 
risk factors were tested in univariate models with a p value 
of 0.1. The multivariable model was built forward itera-
tively comparing the new model to the base model where 
the LRT and Akaike Information Criterion (AIC) statistic 
were included in the same model and minimised. Regres-
sion diagnostic plots of the residuals were visualised to test 
linear regression assumptions such as normality, linearity 
and homogeneity of variance.

Patient and public involvement
Research questions and outcome measures were devel-
oped and informed by the lack of an agreed standard of 
care for patient- households and the patient experience 
in cholera outbreaks, and the global research agendas for 
cholera prevention and control80 and emergency WASH 
interventions.81 Patients and the public were first involved 
in the research at the point of enrolment when admitted 
to the CTU and were recruited to the study during admis-
sion to the HCF. Patients and the public were not involved 
in the design of the study. All participants were informed 
about the study objectives and time required to partici-
pate in the research. Results of the study have been provi-
sionally shared with all research partners nationally and 
internationally and will be further disseminated to district 
level partners and the population through community 
meetings and a lay summary report of the findings.

RESULTS
Description of patients with suspected cholera
Of the 101 suspected cholera cases screened for eligi-
bility before the study was stopped, four were excluded 

as household contacts of enrolled cases, one person 
declined to participate and two cases died during treat-
ment and these households were disenrolled on request 
by the households (figure 1). There were no cases <2 years 
of age. A total of 94 suspected cholera cases were there-
fore enrolled and defined as patients with cholera, based 
on syndromic diagnosis, of which 52.1% (n=49) tested 
positive for V. cholerae by SD Bioline RDT. The average 
age of admitted patients with cholera was 30.6 years with 
an even gender ratio. Prior to, or during the study, 36.1% 
of patients had taken antibiotics in the past 5 days. Most 
patients had no to moderate dehydration (table 1).

Description of household contacts
All identified household contacts of enrolled patients 
were invited to participate in the study. Of the 506 
eligible household contacts, four declined to partic-
ipate and 33 were unavailable at the time of the enrol-
ment visit. Of the 469 enrolled household contacts, 25 
(5.3%) did not complete 7- day follow- up (figure 1). Of 
the 444 who completed 7- day follow- up, the mean age was 
19.0 years and approximately half were female (51.1%). 
Most participants had received primary level or above 

Figure 1 Flowchart of study participation in a prospective 
cohort study of hygiene kit distribution to patients with 
suspected cholera, Kasaï-Oriental, DRC, October–December 
2018.

https://dx.doi.org/10.1136/bmjopen-2021-050943
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education and the majority were employed. No patient 
or household contact had received oral cholera vaccina-
tion (OCV). Some (18.7%) household contacts reported 
caring responsibilities for patients with cholera, while 
most contacts only reported sharing food and water with 
patients. During the surveillance period, 91.4% reported 
eating or drinking outside of the household and 35.8% 
had contact with another suspected cholera case outside 
of the household (table 2). All household contacts 
confirmed that they had resided in the household for the 
entirety of the 7- day follow- up period.

Description of households
Household sizes averaged 8.4 persons, which was greater 
than the average reported by recent surveys,78 and 73.4% 
of households were categorised in the lowest category 
of SES based on principal component analysis (PCA) 
weightings.82 83 The small sample size dictated that we 
reduce the typical five SES categories to a binary vari-
able. Unimproved sources or surface water were used by 
86.2% of households, and average time to walk to and 
back from water sources was 66.3±56.0 min. The average 
volume of water stored at the time of visit was 50.3±36.4 L. 
Water source samples were collected for all households 
and >10 CFU/100 mL Enterococcus spp was found in 
42.6% of source water samples and chlorine concentra-
tions were all <1.0 mg/L FRC. Unimproved sanitation, as 
defined by the WHO/UNICEF JMP,70 was found in 84.0% 

of households, and a further 4.3% of households prac-
ticed open defecation (table 3).

Effect of the intervention on suspected cholera risk
At enrolment of household contacts, a total of 175 
(39.4%) household contacts reported suspected 
cholera in the previous 5 days. At 7- day follow- up, 25 
(5.6%) household contacts reported suspected cholera 
in the previous 5 days. Univariate associations are shown 
in online supplemental table 1. Multivariate analysis 
suggested evidence of a dose- response relationship 
with increased kit use associated with decreased risk 
of suspected cholera: household contacts in the high 
kit- use group had a 66% lower incidence of suspected 
cholera (adjusted risk ratio (aRR) 0.34, 95% CI0.11 to 
1.03, p=0.055), the mid- use group had a 53% lower 
incidence (aRR 0.47, 95% CI 0.17 to 1.29, p=1.44) and 
low- use group had 22% lower incidence (aRR 0.78, 
95% CI 0.24 to 2.53, p=0.684), compared with house-
hold contacts who had not received a hygiene kit 
(table 4). Overall, there was a 56% lower incidence of 
suspected cholera among household contacts with a 
hygiene kit than those without (aRR 0.44, 95% CI 0.20 
to 0.99, p=0.046). aRR associations were adjusted for 
confounders including age, gender, education, employ-
ment, types of contact with index cases and sanitation 
coverage (online supplemental table 2). There were 
no systematic differences between the hygiene kit user 
groups noted in our analysis.

Effect of the intervention on self-reported diarrhoea risk
At enrolment, a total of 155 (34.9%) household contacts 
had self- reported diarrhoea in the previous 5 days. At 
7- day follow- up, 16 (3.6%) household contacts had self- 
reported diarrhoea in the previous 5 days. Univariate 
associations are shown in online supplemental table 
3. A similar dose- response relationship was observed 
between increased kit use and decreased risk of self- 
reported diarrhoea; the high kit- use group had a 45% 
lower incidence of self- reported diarrhoea (aRR 0.55, 
95% CI0.15 to 2.00, p=0.366), the mid- use group had 
a 35% lower incidence (aRR 0.65, 95% CI 0.18 to 2.21, 
p=0.487) and low- use group had 20% lower incidence 
(aRR 0.80, 95% CI 0.16 to 4.00, p=0.786), compared 
with household contacts who had not received a 
hygiene kit. Overall, there was a 45% lower incidence 
in self- reported diarrhoea among household contacts 
with a hygiene kit than those without (aRR 0.55, 95% CI 
0.18 to 1.69, p=0.296). However, there results were 
not statistically significant (table 5). aRR associations 
were adjusted for confounders including age, types of 
contact with index case and cholera treatment plan 
(online supplemental table 4).

Effect of the intervention on contamination of drinking water 
and food
At enrolment, 46.8% of stored drinking water samples 
were contaminated (>10 Enterococcus spp CFU/100 mL) 

Table 1 Characteristics of the enrolled patients with 
suspected cholera in Kasaï-Oriental, DRC, 2018

% (n)

Number of patients with suspected 
cholera

94

Age of patient with suspected cholera, 
mean (x)±SD (min–max)

30.6±18.3 (2–81)

  2–5 years 9.6 (9)

  5–15 years 14.9 (14)

  >15 years 75.5 (71)

Gender of patient with suspected 
cholera

  Female 51.1 (48)

  Male 48.9 (46)

Individual taken antibiotics in the last 
5 days

36.1 (34)

No vaccination with OCV 100 (94)

Cholera treatment plan of patient with 
suspected cholera

  Plan A (no dehydration) 39.4 (37)

  Plan B (some dehydration) 39.4 (37)

  Plan C (severe dehydration) 21.3 (20)

Cholera diagnosis of suspected patient 
confirmed by RDT

52.1 (49)

OCV, oral cholera vaccine; RDT, rapid diagnostic test.

https://dx.doi.org/10.1136/bmjopen-2021-050943
https://dx.doi.org/10.1136/bmjopen-2021-050943
https://dx.doi.org/10.1136/bmjopen-2021-050943
https://dx.doi.org/10.1136/bmjopen-2021-050943
https://dx.doi.org/10.1136/bmjopen-2021-050943
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and 80.7% of samples reported chlorine concentrations 
<0.5 mg/L FRC. At 7- day follow- up, 31.9% drinking 
water samples were contaminated (>10 Enterococcus spp 
CFU/100 mL) and 71.3% of samples reported chlorine 
concentrations <0.5 mg/L FRC (table 3). Univariate 
associations are shown in online supplemental table 5. 
Multivariate analysis showed that there was statistically 
significant reduction in drinking water contamination 
observed among all groups receiving the kit (adjusted 
effect estimates −224.1, 95% CI −365.9 to −82.3, p=0.002) 
(table 6). Effect estimate adjusted for confounders 
including SES and availability of a handwashing facility 
at enrolment (online supplemental table 6).

Of the 77 households with food prepared at enrol-
ment, 53.3% covered the food at the time of visit and 
63.6% of food samples collected were contaminated 
(>10 Enterococcus spp CFU/100 mL). At 7- day follow- up, 
57.1% of households covered the food and 74.0% of 
food samples collected  were contaminated (>10 Entero-
coccus spp CFU/100 mL) (table 3). Univariate associa-
tions are shown in online supplemental table 7. There 
was no statistically significant reduction in food contam-
ination (adjusted effect estimates −114.4, 95% CI −417.4 
to 188.5, p=0.459) (table 7). Effect estimate adjusted for 
confounders including SES (online supplemental table 
8).

Table 2 Sociodemographic characteristics of enrolled household contacts and clinical surveillance in Kasaï-Oriental, DRC, 
2018

Total Enrolment % (n) 7- day follow- up % (n)

Number of household contacts 444

Age of household contact, mean (x)±SD (min–max) 19.0±16.7 (2–81)

  2–5 years 17.3 (77)

  5–15 years 39.6 (176)

  >15 years 43.0 (191)

Gender of household contact

  Male 444 47.3 (210)

  Female 444 52.7 (234)

Education

  None 444 27.5 (122)

  Any education 444 72.5 (322)

Ability to read 444 31.1 (139)

Ability to write 444 30.9 (137)

Currently employed 444 78.4 (348)

No vaccination with Oral Cholera Vaccine (OCV) 444 100 (444)

Types of contact with patient with suspected cholera in the 
last 5 days

  Shared food, water and caring responsibilities 444 18.7 (83)

  Shared food and water 444 81.3 (361)

Individuals reported eating or drinking outside of the 
household during the surveillance period

444 91.4 (406)

Individuals reported contact with another suspected 
cholera case during the surveillance period

444 35.8 (159)

Clinical surveillance

  Number of household contacts with suspected cholera 
(any diarrhoea, vomit and cholera) in the last 5 days

444 39.4 (175) 5.6 (25)

  Number of household contacts with symptoms of 
cholera in the last 5 days

   Diarrhoea (three or more loose stools in 24 hours) 444 34.9 (155) 3.6 (16)

   Vomiting 444 14.9 (66) 3.4 (15)

   Cholera (determined by attendance at a HCF and 
clinical diagnosis)

444 4.1 (18) 0.9 (4)

HCF, healthcare facility.

https://dx.doi.org/10.1136/bmjopen-2021-050943
https://dx.doi.org/10.1136/bmjopen-2021-050943
https://dx.doi.org/10.1136/bmjopen-2021-050943
https://dx.doi.org/10.1136/bmjopen-2021-050943
https://dx.doi.org/10.1136/bmjopen-2021-050943
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Table 3 Sociodemographic and WASH characteristics of households in Kasaï-Oriental, DRC, 2018

Total Enrolment % (n) 7- day follow- up % (n)

Number of households 94

Household size, x±SD (min–max) 8.4±4.1 (2–23)

  Average number of adults, x±SD 3.3±1.8

  Average number of children (5–18 years), x±SD 3.8±2.5

  Average number of infants (0–5 years), x±SD 1.37±1.3

Socioeconomic status

  Lowest 94 73.4 (69)

  Highest 94 26.6 (25)

Water source coverage and access

  Improved: basic (improved, <30 min) and limited (improved, >30 min) 94 13.8 (13)

  Unimproved: unimproved and surface water (rivers, unprotected springs) 94 86.2 (81)

  Average time to and back from water source (in minutes), x±SD (min–
max)

66.3±56.0 (0–240)

  Volume of water stored in household (L), x±SD (min–max) 50.3±36.4 (1–200)

  Source water with a median chlorine concentration <1.0 mg/L FRC 94 100 (94)

  Source water with >10 Enterococcus spp (CFU/100 mL) 94 42.6 (40)

Sanitation coverage

  Limited (improved, shared >2 households) 94 11.7 (11)

  Unimproved 94 84.0 (79)

  Open defecation 94 4.3 (4)

Water storage and treatment practices

  Any safe water storage available 94 79.8 (75) 96.8 (91)

  Safe water storage distributed to households (20 L container) 94 0 (0) 96.8 (91)

  Water present in any safe water storage 94 91.5 (86) 91.5 (86)

  Water present in distributed safe water storage (20 L container) 94 0 (0) 86.2 (81)

  Decant or drink water from water storage container with glass or cup 94 95.7 (90) 95.7 (90)

  Water treatment options available (Aquatabs or P&G Purifier of Water) 94 0 (0) 75.5 (71)

Soap availability

  Any soap available 94 81.9 (77) 73.4 (69)

  Soap distributed to households (1 kg of bar soap) 94 0 (0) 73.4 (69)

  Soap observed within 1 m of kitchen 94 8.5 (8) 18.1 (17)

  Soap observed within 2 m of latrine 94 4.3 (4) 1.1 (1)

Handwashing facility

  Basic facility (facility, water and soap) 94 20.2 (19) 24.5 (23)

  Limited facility (facility and water) 94 36.2 (34) 46.8 (44)

  No handwashing facility 94 43.6 (41) 28.7 (27)

Food storage practices

  Food covered 77 66.7 (36) 79.3 (42)

Receipt of a hygiene kit during the surveillance period 94 0 (0) 80.8 (76)

Environmental surveillance

  Stored drinking water with median chlorine concentration <0.5 mg/L FRC 94 80.7 (75) 71.3 (67)

  Stored drinking water with >10 Enterococcus spp (CFU/100 mL) 94 46.8 (44) 31.9 (30)

  Food samples with >10 Enterococcus spp (CFU/100 mL) 77 63.6 (49) 74.0 (57)

WASH, water, sanitation and hygiene.
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DISCUSSION
The distribution of hygiene kits combined with health 
promotion, by MSF in Kasaï-Oriental, DRC, reduced 
the incidence of suspected cholera among household 
contacts of admitted patients with cholera by 22%–66% 
during the intervention period. This was highest, and 
statistically significant, among individuals with high use 
of the hygiene kits compared with households without a 
kit. A similar relationship was observed in the reduction 
of self- reported diarrhoea among household contacts; 
however, this association was not statistically significant. 
Overall, these findings indicate that the distribution of 
hygiene kits and health promotion may be effective in 
reducing suspected cholera and the relative risk of diar-
rhoeal disease during the high- risk period for household 
contacts of patients with suspected cholera. Further-
more, these results suggest that the impact of these kits is 
greatest when compliance is highest. The observed dose- 
response associations support a causal link between kits 
and reduced disease risk.

Consistent with these findings, kit receipt was associ-
ated with a reduction in drinking water, though not food, 
contamination. We potentially attribute this success and 
failure to the components of the hygiene kit and contents 
of the health promotion messages. The hygiene kit incor-
porated two components designed to treat or store water 

safely and seems to have been both effective in making 
people use the water treatment and safe storage when 
previously they did not, as previously reported in a parallel 
process evaluation.43 However, the kit contained no 
components to limit food contamination, improve food 
storage or health promotion for food- related behaviours 
and thus failed to have any effect on food contamination 
other than potentially through improving the presence 
of handwashing facilities. It may also be that the measure-
ment of food contamination in this study was too variable 
to capture changes which may occur between different 
times of day, types of food, storage practices or other 
factors.76 84 85 Lastly, health promotion messages were 
only addressed to the accompanying household contacts 
at the CTU and diffusion of messages to the other house-
hold contacts may be limited or ineffectual.

Identified risk factors for suspected cholera and self- 
reported diarrhoea among household contacts included 
the type of contact with patients and age of household 
contacts. Although not statistically significant, we found 
that individuals without direct caring responsibilities 
for the patient with cholera had a reduced relative risk 
of disease outcomes compared with other household 
contacts. This is consistent with previous studies which 
have identified caring responsibilities as a risk factor for 
intrahousehold transmission.8 However, further analyses 

Table 4 Multivariate analysis for suspected cholera (diarrhoea, vomiting and/or cholera) during the surveillance period in 
Kasaï-Oriental, DRC, 2018

Contacts
(n)

Suspected 
cholera
(% (n))

Univariate 
(RR)

Multivariate 
(aRR)

Lower 
95% CI

Upper 
95% CI P value

Suspected 
cholera among 
household 
contacts

444 5.6 (25)

Receipt of a hygiene kit during surveillance period

  No (reference) 99 36.0 (9) (ref.) (ref.)

  Yes 345 64.0 (16) 0.51 0.44 0.20 0.99 0.046

Receipt of a hygiene kit and intervention compliance during surveillance period

  Did not 
receive the 
hygiene kit 
(reference)

99 36 (9) (ref.)

  Received a 
hygiene kit 
with low use

54 16 (4) 0.81 0.78 0.24 2.53 0.684

  Received a 
hygiene kit 
with mid- use

149 28 (7) 0.52 0.47 0.17 1.29 0.144

  Received a 
hygiene kit 
with high use

142 20 (5) 0.39 0.34 0.11 1.03 0.055

Log GLM with a binomial distributional assumption were fitted and aRR associations were adjusted for confounders including age, gender, 
education, employment, types of contact with index cases and sanitation coverage.
aRR, adjusted risk ratio; GLM, generalised linear models.
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would be required to understand the relative difference 
between those with and without caring responsibilities 
in the household- high- risk environment. Household 
contacts >5 years of age had a reduced risk of both 
suspected cholera and diarrhoea which is consistent with 
previous studies.8 86 Key WASH practices, such as indi-
viduals practicing open defecation, increased the rela-
tive risk of suspected cholera which is consistent with a 
number of previous studies.8

Our findings are broadly consistent with the 25%–75% 
reductions in cholera incidence reported in previous 
evaluations of WASH interventions31 46–50 and echoes 
the CHOBI7 RCT intervention in Bangladesh, which 
included distribution of a hygiene kit to patients and 
their household contacts and both point- of- care and 
household hygiene promotion, which reported a 50% 
reduction in symptomatic and asymptomatic incidence 

of cholera.31 Thus, our study contributes to a growing 
body of evidence demonstrating that targeted WASH 
interventions delivered through CATI or targeted to case- 
households during cholera outbreaks may be an effec-
tive approach to reduce household transmission and to 
control the epidemic.19 32–37 44

The reported reduction in household transmission 
of cholera may be attributed to three notable factors. 
First, the intervention was delivered to households at the 
point- of- care allowing for early adoption of the interven-
tion. Admitted patients with cholera typically attended 
HCFs within 1 day of the onset of symptoms, and kits 
were taken to their respective dwellings within 1–3 days 
of receipt and used within the 7- day high risk period.43 
Second, there was high user acceptance of the interven-
tion reported among households which may have led to 
increased uptake of the intervention,43 as found in other 

Table 5 Multivariate analysis for self- reported diarrhoea during the surveillance period in Kasaï-Oriental, DRC, 2018

Contacts
(n)

Self- reported 
diarrhoea (% (n))

Univariate 
(RR)

Multivariate 
(aRR)

Lower 
95% CI

Upper 
95% CI P value

Self- reported 
diarrhoea among 
household 
contacts

444 3.6 (16)

Receipt of a hygiene kit during surveillance period

  No (reference) 99 43.8 (7) (ref.) (ref.)

  Yes 345 56.2 (9) 0.63 0.55 0.18 1.69 0.296

Receipt of a hygiene kit and intervention compliance during surveillance period

  Did not receive 
the hygiene kit 
(reference)

99 31.2 (5) (ref.) (ref.)

  Received a 
hygiene kit with 
low use

54 12.5 (2) 0.73 0.80 0.16 4.00 0.786

  Received a 
hygiene kit with 
mid- use

149 31.3 (5) 0.66 0.65 0.18 2.21 0.487

  Received a 
hygiene kit with 
high use

142 25.0 (4) 0.56 0.55 0.15 2.00 0.366

Log GLM with a binomial distributional assumption were fitted and aRR associations were adjusted for confounders including age, types of 
contact with index case and cholera treatment plan.
aRR, adjusted risk ratio; GLM, generalised linear models.

Table 6 Multivariate analysis for change in Enterococcus spp coliform density counts in drinking water samples during the 
surveillance period in Kasaï-Oriental, DRC, 2018

Households (n) % Effect estimate Lower 95% CI Upper 95% CI P value

Receipt of a hygiene kit during surveillance period

  No (reference) 18 19.2 (ref.)

  Yes 76 80.8 −224.1 −365.9 −82.3 0.002

Censored tobit linear regression models were fitted and effect estimates adjusted for confounders including socioeconomic status and 
availability of a handwashing facility at enrolment.
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WASH studies.52 87 88 Third, the uptake of the interven-
tion may have been enhanced due to the severe illness 
and perceived risk of diarrhoeal disease at the moment 
of delivery, as observed in other studies of WASH 
interventions.39–42

Nevertheless, and despite the reduction in suspected 
cholera incidence, a high proportion of household 
contacts reported symptoms of cholera in the previous 
5 days before enrolment: our enrolled patients were thus 
not necessarily the primary cases in their households, 
many of whom could have been mild or asymptomatic, 
and did not require hospitalisation. This implies that 
much of intrahousehold transmission may have occurred 
before households received the kit and potentially when 
the outbreak was already dissipating, meaning that the 
first generation of intrahousehold transmission may not 
have been mitigated. Another difference between expo-
sure groups may be at what stage of the outbreak did 
households receive a kit. This was not explored in this 
study and may have affected the reported outcomes. The 
overall potential for impact of the intervention, there-
fore, may be considerably less than this study’s finds. 
Further, the 16- week delay between outbreak confirma-
tion and intervention delivery would need to be greatly 
shortened,33 43 coverage of interventions would need to 
be greater89 90 and surveillance would need to be more 
timely and heightened33 91 92 if this intervention were to 
have an impact on early epidemic propagation.

Limitations
Implementing research in the context of an ongoing 
cholera outbreak is complex and often compounded by 
the broader instability which characterises settings where 
cholera outbreaks occur.93 94 Challenges with implemen-
tation, compounded by the ongoing conflict in DRC,4 led 
to a delayed response and low coverage of the interven-
tion.43 Second, there may not have been a clear division 
between the evaluators and healthcare providers during 
the outbreak. Both sets of staff were employed and worked 
wearing MSF- branded clothing and both were present in 
the community at similar times. There may be challenges 
in the reflexivity of the evaluators and potential bias 
introduced to data collected. For example, social desir-
ability bias may have been introduced when households 
reported symptoms, intervention uptake and use espe-
cially as they were in receipt of hygiene kits distributed by 
MSF. The participants may be more likely to recall a posi-
tive health outcome, or forget a negative experience, to 

the MSF- related evaluators. Third, the enumerators were 
aware of whether the household had received the inter-
vention and the outcome variables. This brings potential 
risk to how questions were asked by the study team. Last, 
this evaluation was not independent of MSF the organi-
sation and although this work contributes to increasing 
the quantity of operational research evaluations and 
meaningful partnerships in the humanitarian sector, it 
brings risk to independence. We hope to have addressed 
this through being open and transparent throughout the 
evaluation, and MSF has no say in the decision to publish 
the results.

Randomisation was not logistically feasible in the acute 
phase of an emergency response and our study thus relies 
on a comparison group who did not receive the interven-
tion due to implementation failures rather than delib-
erate study design.93 95 The no kit group was not randomly 
selected, and the observed associations may be subject 
to residual unobserved confounding due to their plau-
sibly different baseline circumstances (eg, other factors 
related to poverty or lower access to care, beyond those 
we adjusted for). Additionally, and as noted earlier in 
the paper, due to political instability in the country4 and 
upcoming elections in December 2018,79 we did not reach 
the required sample size for this study and our power to 
detect an association was reduced. If we had been able to 
enrol our target sample size, we may have had power to 
observe associations more precisely.

Another limitation of our study is the use of suspected 
symptomatic cholera as an outcome measure among 
household contacts compared with collection of rectal 
swab samples for case ascertainment, a decision that was 
made by MSF and outside of the influence or control 
of the study team. The ascertainment of our primary 
outcome was therefore based on self- reported symptoms 
and may lead to misclassification of our outcomes, as 
other studies have found.96 It may have also led to an infla-
tion of suspected cholera at enrolment, as the case defi-
nition may have been too broad and captured any cause 
diarrhoea. We were unable to test suspected cholera diag-
noses among our study population by RDT or culture. 
Other studies have been able to test the stool or rectal 
swab samples of household contacts,21 31 and this would 
have strengthened outcome ascertainment. It is unlikely 
that misclassification would have been differential by 
hygiene kit use: as such, the most likely effect of this bias 
is underestimation of effect sizes. Additionally, we used a 

Table 7 Multivariate analysis for change in Enterococcus spp coliform density counts in food samples during the surveillance 
period in Kasaï-Oriental, DRC, 2018

Households (n) % Effect estimate Lower 95% CI Upper 95% CI P value

Receipt of a hygiene kit during surveillance period

  No (reference) 18 19.2 (ref.)

  Yes 76 80.8 −114.4 −417.4 188.5 0.459

Censored tobit linear regression models were fitted and effect estimates adjusted for confounders including socioeconomic status.
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5- day recall of diarrhoea rather than 7- day recall, which 
could lead to reporting of more outcome events and may 
have further reduced study power.

Our study also only examined faecal indicator bacteria 
counts for Enterococcus spp in food and water. We were 
unable to conduct microbiological analysis of V. cholerae 
in environmental samples or extend the microbiological 
analysis to other samples such as hand rinses97 or surfaces 
within the household which have been found to be heavily 
contaminated with V. cholerae in other studies.98 These 
additional measures would be useful in future studies 
to understand the effect on overall cholera transmission 
within the household.

Last, in this study, our measurement of intervention 
exposure was based on uptake and use of the inter-
vention. We assigned equal weight to each kit compo-
nent due to lack of evidence to the contrary53 and also 
because the intervention was delivered as a package: the 
study thus does not shed light on which components are 
more effective, are preferred or should be included in 
future kit compositions. Due to the arbitrary nature of 
the thresholds and number of assumptions needed, we 
also chose not to conduct sensitivity analysis and robust 
estimates could differ if other cut- off values had been 
selected. Moreover, our measures serve only as proxies 
for the use of the intervention. For example, availability 
of soap anywhere in the dwelling, that is, within 1 m of the 
kitchen area or 2 m of a latrine, indicates that the inter-
vention is in the household99 but not whether soap was 
used consistently. Similarly, soap and water availability at 
the handwashing device does not necessarily mean that 
people wash hands.100 Positive behaviours such as hand-
washing are often overreported.101 102

CONCLUSION
Hygiene kit distribution is a promising intervention for 
cholera control. The integration of a WASH interven-
tion at the point of admission of suspected cases is new 
in cholera control efforts, particularly in outbreaks and 
complex emergencies. This study has shown that the distri-
bution of hygiene kits accompanied by health promotion 
may be effective in reducing cholera transmission among 
household contacts and a may be an important compo-
nent of CATI responses.

Further evaluations of hygiene kit distribution are still 
warranted, with a more established and rigorous counter-
factual or control group, to assess if the intervention may 
be as effective as this study found. Further, studies should 
evaluate hygiene kit distribution to hospitalised patients 
and their households at the HCF and also in a CATI 
response where there is proactive localised delivery to 
vulnerable households surrounding a case who are at an 
increased risk of interhousehold transmission.18 19 34 35 89 103 
Additionally, postdistribution evaluation should extend 
beyond 1 week to establish the sustainability of interven-
tion compliance and use by the household and other 
advantages such as the cost- effectiveness of case- centred 

delivery, should this intervention be adopted and adapted 
in future responses.
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Semaine 32. Kinshasa, DRC: Ministère de la Santé, 2018.

http://dx.doi.org/10.1016/S0140-6736(18)30137-5
http://dx.doi.org/10.3201/eid1711.110170
http://dx.doi.org/10.3201/eid1711.110170
http://dx.doi.org/10.1371/journal.pntd.0000436
http://dx.doi.org/10.1186/s12992-019-0540-4
http://dx.doi.org/10.1093/infdis/jiy444
http://www.ncbi.nlm.nih.gov/pubmed/6975182
http://www.ncbi.nlm.nih.gov/pubmed/5303331
http://dx.doi.org/10.1086/644779
http://dx.doi.org/10.1086/644779
http://dx.doi.org/10.4269/ajtmh.14-0095
http://dx.doi.org/10.4269/ajtmh.14-0095
http://dx.doi.org/10.1016/S0140-6736(12)60436-X
http://dx.doi.org/10.1038/nature00778
http://dx.doi.org/10.1371/journal.pmed.0030007
http://dx.doi.org/10.1038/s41588-018-0150-8
http://dx.doi.org/10.1038/s41588-018-0150-8
http://dx.doi.org/10.1371/journal.pone.0229837
http://dx.doi.org/10.1093/ije/dyw267
http://dx.doi.org/10.1371/journal.pmed.1002509
http://dx.doi.org/10.1371/journal.pntd.0004400
http://dx.doi.org/10.1371/journal.pntd.0003314
http://dx.doi.org/10.1371/journal.pone.0226549
http://dx.doi.org/10.3201/eid2202.151175
http://dx.doi.org/10.1371/journal.pntd.0007347
http://dx.doi.org/10.1186/s12916-020-01865-7
http://dx.doi.org/10.1016/S1473-3099(20)30479-5
http://dx.doi.org/10.1371/journal.pntd.0007263
http://dx.doi.org/10.1371/journal.pmed.1002510
http://dx.doi.org/10.4269/ajtmh.18-0863
http://dx.doi.org/10.1186/1752-1505-5-13
http://dx.doi.org/10.1186/1752-1505-5-13
http://dx.doi.org/10.1016/j.ijheh.2020.113512
http://dx.doi.org/10.4269/ajtmh.16-0553
http://dx.doi.org/10.1093/her/cyp002
http://dx.doi.org/10.1093/her/cyp002
http://dx.doi.org/10.1177/1090198116683141
http://dx.doi.org/10.1186/s13031-020-00294-w
http://dx.doi.org/10.1136/bmjgh-2019-001709
http://dx.doi.org/10.3362/1756-3488.17-00015
http://www.ncbi.nlm.nih.gov/pubmed/4549038
http://dx.doi.org/10.1073/pnas.0237386100
http://dx.doi.org/10.1136/adc.85.4.293
http://www.ncbi.nlm.nih.gov/pubmed/3488134
http://www.ncbi.nlm.nih.gov/pubmed/3488134
http://dx.doi.org/10.1128/mBio.00034-10
http://dx.doi.org/10.1186/s12879-020-4916-0
http://dx.doi.org/10.1186/s12879-020-4916-0
http://dx.doi.org/10.2166/wh.2013.050
http://dx.doi.org/10.1371/journal.pone.0135676
http://dx.doi.org/10.1093/infdis/jiy488


14 D'Mello- Guyett L, et al. BMJ Open 2021;11:e050943. doi:10.1136/bmjopen-2021-050943

Open access 

 62 PNECHOL- MD. Situation épidémiologique Du choléra en RDC à La 
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