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Background: Cholera is a highly contagious bacterial disease that causes severe
watery diarrhea. It spreads mainly through contaminated food or water
containing Vibrio cholerae O139 and remains a major global public health
threat. We investigated an outbreak to identify its cause, source, and risk
factors and to develop control measures.

Method: A suspected case was classified as the occurrence of acute watery
diarrhea in a Dollo Ado District resident aged 2 or older between February 2,
2023 and March 15, 2023. A confirmed case was a suspected case with Vibrio
cholerae detected in the patient's stool sample. An investigation of the
outbreak was conducted; cases were described and the environment, where
contamination may take place assessed and an unmatched case-control study
conducted in Suftu Kebele, which served as the epi center of the outbreak.
Logistic regression was used to identify risk factors for cholera infection.
Results: A total of 92 cases were identified, including 66 males and 26 females,
with four deaths (4.3% fatality rate). Males had a higher attack rate (2.4 per 1,000
people) than females (1.6 per 1,000 people). Suftu village was the hardest-hit
area (attack rate: 41 per 1,000 people). The outbreak began after a person
suspected of having cholera returned from mandera, kenya, on February 2,
2023. Five days later, cases emerged in suftu village. Many residents practiced
open defecation and used the dawa river for bathing, washing clothes, and
drinking. Using untreated river water significantly increased the risk of
infection (AOR = 20, 95% ClI: 5.2-73).

Conclusion: The outbreak likely started at a funeral of a suspected cholera case,
spreading through contaminated river water. It was contained within a week by
restricting river water use and preventing further contamination.

KEYWORDS

cholera outbreak, Dollo Ado district, Liben zone, Somali region, Ethiopia

Introduction

Cholera is a highly infectious bacterial disease that leads to severe, acute watery
diarrhea. It is mainly spread through the ingestion of contaminated food or water that
contains the bacterium Vibrio cholerae O1 or O139, and is considered a significant
threat to global public health. On average, 3-5 million cases and over 100,000 deaths
from cholera occur worldwide each year (1). This illness tends to spread more readily
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in nations where living conditions are substandard, including a lack
of access to safe water and basic sanitation facilities (2).

The global burden of cholera is estimated at 1.3-4.0 million
cases and 21,000-143,000 deaths annually. Approximately 30% of
these cases and 80% of the fatalities occur in Africa, where the
continent experienced the highest number of cholera outbreaks
in recorded history in 2021, with 19 countries reporting more
than 137,000 cases and 4,062 deaths (3, 4).

Each year, nearly 70 million people in Ethiopia are at risk of
contracting cholera, with an estimated 275,221 cases and 10,458
deaths occurring annually, resulting in an incidence rate of 4
cases per 1,000 populations (5).

By understanding the risk factors associated with cholera
outbreaks, it becomes possible to identify practices that put
communities at risk of infection, which in turn enables the design of
effective behavior change interventions (6). Studies conducted in
different parts of the world have identified known risk factors for
cholera outbreaks, such as contaminated water sources, unwashed
raw vegetables, inadequate latrines, and heavy rains and floods (7).
Although no nationwide representative study has been conducted in
Ethiopia to identify risk factors associated with cholera outbreaks,
limited studies have identified various risk factors, including contact
with cholera cases from unsanitary latrines and travel history to
cholera outbreak areas (8).

To date, cholera outbreaks have been reported in 14
districts across the Oromia and Somali regions of Ethiopia. Since
January 1, 2023, Ethiopia has reported a total of 1,597 cholera cases
with 38 deaths (CFR =2.4%). As of February 22, 2023, the Somali
region, which was previously reported to be under control, has
active transmission, with a coverage of 14,021 (43.9%) (9).

The dollo ado district public health emergency management
reported an acute watery diarrhea case on February 2, 2023,
which was later confirmed to be cholera. The aim of this study is
to investigate the outbreak, identify its etiology, source, and risk
factors, and develop strategies to control the outbreak.

10.3389/fepid.2025.1480230

Methods and materials
Study area and period

The study was conducted in dollo ado district, Somalia Region,
from February 02 to March 15, 2023 (Figure 1).

Case definition and finding

A suspected cholera case was defined as the onset of acute
watery diarrhoea between February 2nd and march 15th, 2023,
in a resident of the suftu district who was at least 2 years old.
A confirmed cholera case was defined as a suspected case in
which Vibrio cholerae was isolated from the stool sample
through culture testing. This classification follows standard
cholera case definitions, where all confirmed cases originate from
suspected cases based on clinical presentation before laboratory
confirmation (10). In this study, unmatched case-control study
design was conducted. Cases included individuals who presented
with cholera and acute watery diarrhoea with moderate or severe
dehydration in the dollo ado district during the study period.
Cases were included if they were at least 2 years old, had a
positive result in a rapid diagnostic test for cholera, and agreed
to participate in the study. Cases were excluded if they lived
outside of the Dollo Ado district after the start of the cholera
outbreak. Controls were selected from the same neighbourhood
as the cases among houses that had not reported any cholera
cases since the beginning of the outbreak. Individuals who were
at least 5 years old, had lived in the same neighbourhood as the
cases since the beginning of the outbreak up to March 15th,
2023, did not have three liquid watery stools within 24 h at any
time since the beginning of the outbreak, and agreed to
participate in the study were included as controls. Controls were

FIGURE 1

Location of Dollo Ado district in Ethiopia (source: https://pubmed.ncbi.nlm.nih.gov/28983395/).
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specifically chosen from individuals residing in the house directly
to the left of the case’s residence. If a suitable control was not
found in that house, the data collector moved to the next house
on the left. Controls were excluded if they had ever lived outside
of the district after the outbreak began. Cholera risk factors were
defined as any event or behaviour related to water and food
consumption, as well as hygiene practices of people living in
Dollo Ado that could potentially increase the likelihood of
contracting cholera.

Data collection

Data was collected between February 2, 2023, and March 15,
2023, by well-trained health workers using a semi-structured
questionnaire. The questionnaire was translated into Somali by
the interviewers who participated in our pilot test, and the final
version was used for face-to-face interviews with cases
and controls.

Throughout the study period, cholera cases were not evenly
distributed, with notable fluctuations in case numbers. Peaks
were observed at The peak of the outbreak occurred on February
5 reflecting potential clusters of transmission or changes in
exposure patterns. These variations were considered in our
analysis to better understand the outbreak dynamics.

Interviewers collected data from cases or their caretakers at
cholera treatment centres (CTCs) after reviewing the registers for
admitted cases and also visited the homes of cases to gather
food

consumption. Two controls were selected for each case from

information on water, sanitation, hygiene, and
neighboring houses. The questionnaires collected demographic
details such as age, gender, address, neighborhood, street, and
occupation, as well as clinical information, including the date of
diarrhea onset, symptoms, and diagnosis. Additionally, data on
travel history, contact with infected persons, hygiene practices,
eating outside the home, and attendance at gatherings were
gathered. Information on household water sources—including
public wells, truck-delivered water, private wells/boreholes, and

stored water containers—was also recorded.

Descriptive epidemiology

The attack rate was calculated by place (district, sub-county,
and village), age (categorized as 2-4, 5-14, 15-29, 30-59, and >60
years), and sex using the 2023 population estimates of persons
aged two and above obtained from Ethiopian Statistical Services
(ESS). The age groups were chosen based on epidemiological
patterns observed in previous cholera outbreaks, where younger
children (2-4 years) are at higher risk due to poor immunity,
school-aged children (5-14 years) have increased exposure
through schools and communal activities, and adults (15-29,
30-59, and >60 years) may have varying risks due to
occupational and environmental factors. This categorization
allows for a more precise understanding of age-related risk
factors and transmission dynamics.
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Environmental survey

An environmental survey of households of cases and controls
was undertaken. Their sources of water supply were inspected,
principally observing activities around the community-wide
Dawa River, the drainage system, and general sanitation along
the water bodies, and collected water specimens and sent them
for water quality testing at the Regional Hospital laboratory.

Sample collection and processing

Stool samples were collected from the initial four cholera case-
cases and transported to the laboratory using Cary-Blair transport
media to ensure sample stability. Additionally, 500 ml water
samples were collected from Dawa river water in sterile
containers and analysed at the Regional Hospital laboratory
aided by the World Health Organization.

To process water samples, 0.22 um membrane filters were used
to filter the collected water. The filters were then enriched in
alkaline peptone water (pH 8.4) and incubated at 37°C for 4-6 h
before culturing on selective media,
established methods. Stool

enrichment in alkaline peptone water and culturing procedures.

following previously

samples underwent the same

Isolation and identification of V. cholerae

Following incubation on selective media, colonies with
characteristic V. cholerae morphology were isolated and further
identified as per established protocols. To determine serogroups,
polyvalent antisera slide agglutination test was used, and specific
serological subtypes (Inaba and Ogawa) were identified through
monovalent antisera for subtype verification.

Hypothesis generation

Ninety-two individuals, identified through active case searches,
were interviewed. These individuals’ data was collected by the
interviewers from either the cases themselves or their caretakers
at the CTCs, after reviewing the registers of admitted cases. To
gather additional information, the interviewers also visited the
homes of the case cases to inquire about the food consumed,
water and sanitation practices, and overall hygiene. The interview
questions covered a range of topics, including the source of
drinking water, the types of food consumed, any recent travel
history, and hand washing practices.

Case-control study

A case-control study was conducted on the most affected
village, Suftu 01, in Dollo Ado district, which included 92 cases
and 184 controls (Figures 2). All case cases in Suftu village were
included in the study. A control was defined as a resident of
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FIGURE 2
Trend of a cholera outbreak in Dollo Ado district, Somali region, Ethiopia from 01 February to March 11, 2023.

Suftu village aged >2 years with no history of acute watery diarrhea
from February 02-March 15, 2023. Households without any cases
were considered as controls and systematically sampled. Two
control individuals were randomly selected from each sampled
household using the lottery method. A questionnaire was
administered to both case and control individuals to gather their
demographic data (age, sex), clinical characteristics (onset date,
symptoms, healthcare seeking behavior), and exposures (water
sources, travel history, funeral attendance, food and water
preparation). Logistic regression was used to analyze the data
and generate odds ratios and 95% confidence intervals for factors
associated with cholera infection. In addition, a common
reference group analysis was conducted for factors that were
significant at a bivariate level to assess the differences in the odds
of infection based on combinations of the factors associated with

cholera infection.

Results
Descriptive epidemiology

A total of 92 cholera cases were reported in Dollo Ado District,
Somali Region (AR =20/100,000), with four deaths, resulting in a
case fatality rate (CFR) of 4.3%. The median age of the affected
individuals was 24 years (IQR: 15-37). Males had a higher attack
rate (AR=11/10,000) than females (AR =5/10,000). The most
affected age group was 30-59 years (Table 1).

Five of the seven kebeles in the district reported cases, with
Suftu 01 kebele experiencing the highest attack rate (AR =36/
1,000) (Table 2).

The outbreak’s index case was a 30-year-old woman from Suftu
01 kebele, reported on February 2, 2023. She had a history of travel
to Mandera, Kenya—an area with ongoing cholera transmission—
five days before symptom onset. She presented with acute watery
diarrhea, vomiting, and severe dehydration and was admitted to
Suftu Cholera Treatment Center, where Vibrio cholerae was
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TABLE 1 Attack rates of case cases by sex and age during a cholera
outbreak in Dollo Ado district, Somali region, Ethiopia, 2023.

aracte ase 9 Populatio AR/10,000

Sex

Male 66 60,778 11
Female 26 50,733 5

Age (years)

2-4 4 12,150 3

5-14 27 41,261 15
15-29 15 30,880 5
30-59 36 20,700 17

>60 10 6,520 15

TABLE 2 Attack rate by Kebele during a cholera outbreak in Dollo Ado
district, Somali region, Ethiopia, 2023.

Name of Total Number of AR/ CFR/
Kebeles populations cases 10,000 100
Suftu 01 13,680 50 36 3
Suftu 02 13,225 29 22 0
Boryale 4,462 7 16 0
Garbo addo 465 2 4.3 0
Dollo ado 02 23,500 4 1.7 0
Kebelle

Total 55,332 92

isolated from her stool sample. She was discharged after recovery
on February 10, 2023.The outbreak escalated between February 5
and March 1, 2023, peaking on February 5. Response efforts
immediately, the distribution of water

began including

treatment chemicals.

Hypothesis generation findings

Interviews with 92 cholera cases, identified through active case
search, were conducted at Cholera Treatment Centers (CTCs) and

frontiersin.org
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TABLE 3 Comparing cholera exposure characteristics among cholera
cases and controls using bivariate analysis, Dollo Ado district, Somali
region, Ethiopia.

Exposure | Cases no %

Controls no % | COR | 95% ClI
Knowing the transmission means of cholera
Yes 29 (31) 96 (52) 2.38 (14-4)
No 63 (69) 88 (48)
Traveling history 5 days before the onset of illness to the affected area
No 5 (5) 126 (68) 37.9 (14.6-98)
Yes 87 (95) 58 (32)
Drinking river water
Yes 87 (94) 18 (10) 161 (58-449)
No 5 (6) 166 (90)
Using soaps for hand washing
Yes 86 (92) 22 (11) 0.01 | (0.004-0.02)
No 6 (7) 162 (89)
Contact history with cholera suspected person
Yes 35 (39) 117 (64) 0.3 (0.21-0.59)
No 57 (61) 67 (36)
Usage of latrine
Yes 3(3) 88 (49) 28 (8.6-93)
No 89(97) 96(51)

during home visits. The focus was on water, sanitation, hygiene,
and food consumption. Many cases had consumed food from
local vendors, particularly street foods such as fruits, salads, and
raw vegetables. Their primary drinking water sources were
untreated or inadequately treated, including wells and rivers, and
some households used uncovered containers. Several individuals
had recently traveled to areas with poor sanitation and ongoing
cholera outbreaks.

Households often lacked proper sanitation, relying on shared
or public latrines, and had inconsistent handwashing practices,
especially before meals and after using the toilet. The frequent
consumption of food from informal vendors with poor hygiene
and inadequate food storage conditions was common.

The findings suggest that cholera transmission is linked to poor
water quality, inadequate sanitation, hygiene practices, and the
consumption of contaminated food. These insights guide further
investigations and public health interventions.

Environmental findings

An environmental survey was conducted in households of both
cases and controls, with a focus on water supply sources,
community activities around the Dawa River, drainage systems,
and overall sanitation along the water bodies. Water samples
were systematically collected from multiple locations, including
household storage containers, communal water sources, and the
Dawa River. A total of 3 water samples were collected, with 1
from household containers, 1 from communal sources, and 1
from the river. The samples were carefully handled following
standard procedures, stored in sterile containers at 4°C, and
transported under controlled conditions to the Regional Hospital
laboratory for microbiological and physicochemical analysis.

Frontiers in Epidemiology
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TABLE 4 Comparing cholera exposure characteristics among cholera
cases and controls using multivariate analysis, Dollo Ado district, Somali
region, Ethiopia.

Exposure Cases Controls AOR | 95% CI
number % number %

Knowing the transmission means of cholera

Yes 29 (31) 95 (52) 42 (1.3-13)

No 63 (69) 89 (48)

Using soaps for hand washing

Yes 86 (92) 20 (11) 0.13 | (0.01-0.99)

No 1 6 (7) 164 (89)

Drinking river water

Yes 1 87 (94) 18 (10) 20 (52-73.2)

No 5 (6) 166(90)

Laboratory findings

Vibrio cholerae 0139 Ogawa was isolated from the water samples
using standard microbiological techniques. The water samples were
first enriched in alkaline peptone water to enhance bacterial growth.
Subsequently, they were streaked onto thiosulfate-citrate bile salts-
sucrose (TCBS) agar for selective isolation. Suspected colonies were
further identified through biochemical tests, including oxidase and
string tests, and confirmed using molecular assays such as
polymerase chain reaction (PCR) (Table 3).

Case-control study findings

A case-control study was conducted that included with 92 cases
and 184 community-based controls, with median ages of 24 and 26
years, respectively, and standard deviations of 11 years for both
groups. Bivariate analysis showed no significant associations
between cholera and sex, age, marital status, education, or
occupation (Table 2).

In terms of exposure, several factors were statistically associated
with an increased risk of cholera. These included recent travel to
cholera-affected areas, consumption of river water, and the use of a
latrine. Conversely, washing hands with soap and avoiding contact
with individuals suspected of having cholera were identified as
protective factors. Notably, there was no statistically significant
association between water treatment with chemicals and cholera illness.

Multivariate analysis of risk factors

The multivariable model included variables such as knowledge
of cholera transmission, travel history in the 5 days before illness
onset, hand washing with soap, latrine use, drinking river water,
and contact with a suspected case.

The analysis identified knowledge of cholera transmission
(AOR: 4.2, 95% CI: 1.3, 13) and drinking river water (AOR: 20,
95% CI: 5.2, 73.2) as independent risk factors, while hand
washing with soap (AOR: 0.13, 95% CL 0.01, 0.99) was a
protective factor (Table 4).
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Discussion

Cholera is a major public health issue and a telling sign of poor
socioeconomic development worldwide. Although it was once
prevalent in many regions, it is now primarily confined to
underdeveloped nations in the tropical and subtropical zones
(11, 12). This finding aligns with a study carried out in a rural
area in north-central Nigeria in 2014 (13).

The most affected age group in our study was 15-44 years, with
males accounting for 71.7% of cases, which is consistent with a
study from Ghana (14).

The case fatality rate (CFR) in our study was 4%, lower than
previous studies in Oromia (4.11%) and the Afar region (4.4%)
(15). This difference may be attributed to better healthcare
access, enabling more timely treatment

The attack rate in the district was 1.6/1000, which is higher
than the study conducted in the Afar region (8.5/1,000) but with
a lower fatality rate of 4.4%. This discrepancy may be due to the
fact that cases in the Afar region had to travel further to reach
health facilities, leading to delayed treatment (8).

Our study identified drinking water from public rivers as a
significant risk factor for cholera, a finding consistent with
studies in Iran and Nigeria (16). Contaminated water sources
have long been recognized as major contributors to cholera
outbreaks (17). In their review of global cholera outbreaks from
1995 to 2005, researchers identified water source contamination,
heavy rainfall and flooding, and population displacement as the
main risk factors for cholera outbreaks. Moreover, an Ethiopian
study (5) also showed the association of cholera outbreak with
unsafe drinking water. Studies showed that V.cholerae, the
causative agent of cholera, has been well established as the native
flora of aquatic environments rendering drinking water a risk
factor for cholera outbreaks (18). Cholera outbreaks are often
caused by the spread of the disease from aquatic environments,
such as water systems, which can become contaminated during
heavy rainfall and flooding (19). In our present outbreak
investigation, we examined river water sources that were utilized
by cholera cases and discovered that the water sources were
flooded following heavy rainfall. The water supply, distribution,
and chlorination system in the Dollo Ado district prevents the
spread of cholera through chlorination and daily monitoring
during cholera outbreaks. In recent years, most reported
outbreaks have not been due to problems with the water supply.
Our study found a significant association between knowledge of
cholera and cholera infection (AOR, 4.2; 95% CI, 1.3, 13).
Compared to controls, cholera cases have been found to travel
more in the prior two weeks (p < 0.05) (20).

Numerous demographic and socioeconomic factors, including
age, gender, social status, economic status, and travel history,
have been found to play a crucial role in susceptibility to
cholera-causing Vibrio cholera. Inadequate sanitation and limited
access to health facilities during travel, as well as purchasing food
from street vendors or restaurants, are key factors contributing to
cholera infection. It is clear that good sanitation and hygienic
practices while traveling can largely prevent infection with the
disease (11, 21).
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Hand washing with soap and water is essential in protecting
against cholera and becomes increasingly important during
outbreaks when cholera contamination is widespread, and disease
dissemination occurs through multiple vehicles (16).

Our analysis of this cholera outbreak found that washing hands
with soap after using the latrine was an independent protective
factor against cholera illness (AOR 0.13; 95%CI (0.01,0.99). This
finding agrees with previous studies (5), which demonstrated that
washing hands with soap before food reduced the risk of
diarrhea by nearly 20% during an acute watery diarrhea outbreak
investigation in Ethiopia. Additionally, in Ethiopia (8), showed
that washing hands with soap before food reduced the risk of
diarrhea by 85% during an acute watery diarrhea outbreak
investigation. ~ Therefore, consistent and sufficient soap
distribution and hand hygiene awareness campaigns would be
significant interventions in cholera prevention and control
strategies, particularly during outbreak settings.

Furthermore, knowledge and awareness of the general public
are essential aspects of cholera outbreak management and
prevention (22). Insufficient knowledge and inadequate practices
towards cholera can exacerbate its transmission (19). Cholera
outbreaks are commonly associated with insufficient water,
sanitation, and hygiene (WASH) (23, 24). These conditions are
prevalent in regions experiencing political and economic
instability, including war and a resurgence of infectious diseases
(25). Consequently, the increased burden of infectious diseases
can further weaken the fragile healthcare system and public
health control measures in the Somali Region, which is already

grappling with political turmoil and economic challenges (26).

Conclusion

The primary causes of cholera transmission in Dollo ado
district, Liben Zone were mainly linked to insufficient water and
sanitation, hygiene, and a lack of understanding of preventive
measures. To address this issue, a health education campaign is
strongly recommended to raise public awareness about the
importance of daily water chlorination and washing hands before
consuming food.

Furthermore, our multivariate analysis revealed that hand
hygiene provides protection against cholera, which implies that
waterborne exposure may contribute to the transmission of
the disease.

Recommendations

We suggest limiting immigration exposure to nearby areas
where cholera has been confirmed. Additionally, vaccinating the
mass population may be an option. Boiling water before drinking
is also recommended. It is also important to educate the
community on proper food hygiene.

During community education campaigns, particularly in
outbreak situations, emphasizing the importance of washing
hands with soap before eating and preparing food is crucial. To
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prevent flooding and subsequent water contamination, building
flood
is recommended.

embankments around  drinking water  sources

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethiopian
Public Health Institute (EPHI) Institutional Review Board (IRB).
The studies were conducted in accordance with the local
legislation and institutional requirements. The participants
provided their written informed consent to participate in

this study.

Author contributions

FH: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing. HA: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,

Visualization, Writing - original draft, Writing - review &
editing. EK: Conceptualization, Data curation, Formal Analysis,
Methodology,
administration, Resources, Software, Supervision, Validation,

Funding acquisition, Investigation, Project

Visualization, Writing - original draft, Writing - review &
editing. AA: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Software,

References

1. Ngere P, Langat D, Ngere I, Dawa J, Okunga E, Nasimiyu C, et al. A protracted
cholera outbreak in Nairobi city county accentuated by mass gathering events, Kenya,
2017. PLoS One. (2024) 19(8):¢0297324. doi: 10.1371/journal.pone.0297324

2. Qaserah AM, Al Amad MA, Al Serouri AA, Khader YS. Risk factors of cholera
transmission in al hudaydah, Yemen: case-control study. JMIR Public Health
Surveill. (2021) 7(7):e27627. doi: 10.2196/27627

3. Erkyihun GA, Asamene N, Woldegiorgis AZ. The threat of cholera in Africa.
Zoonoses. (2023) 3(1):20230027. doi: 10.15212/ZO0ONOSES-2023-0027

4. Kamukama A, Namulondo E, Nuwamanya Y, Baliruno LN, Kyamwine I,
Nansikombi HT, et al. Cholera Outbreak Associated with Drinking Contaminated
River Water in Kayunga District, Uganda. Kampala, Uganda: Uganda National
Institute of Public Health (2023).

5. Dinede G, Abagero A, Tolosa T. Cholera outbreak in Addis Ababa, Ethiopia: a
case-control study. PLoS One. (2020) 15(7):¢0235440. doi: 10.1371/journal.pone.
0235440

6. Zerbo A, Delgado RC, Gonzalez PA. A review of the risk of cholera outbreaks and
urbanization in sub-saharan Africa. J Biosaf Biosecurity. (2020) 2(2):71-6. doi: 10.
1016/j.jobb.2020.11.004

Frontiers in Epidemiology

10.3389/fepid.2025.1480230

Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing. AK: Conceptualization, Data
curation, Formal Analysis, Investigation, Methodology, Software,
Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

We would like to acknowledge the Ethiopian Public Health
Institute Disease & Health Events Surveillance & Response
Directorate, Bacterial Disease Surveillance and Response CT, and
the Ministry of Health for their support during the outbreak
both in its investigation and laboratory diagnosis of the samples.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

7. Endris AA, Tadesse M, Alemu E, Musa EO, Abayneh A, Assefa Z. A case-control
study to assess risk factors related to cholera outbreak in Addis Ababa, Ethiopia, July
2016. Pan Afr Med ]. (2019) 34:128. doi: 10.11604/pamj.2019.34.128.17997

8. Tumato M, Beyene BB, Abera B, Luce R. Epidemiology of acute watery diarrhea
outbreak and challenges of control—afar, Ethiopia, 2009. Int ] Med Med Sci. (2014) 1
(10):162-9.

9. Ubesie AC, Odimegwu CL, Ezeanolue EE. Cholera outbreaks among children in

Sub-Saharan Africa. Curr Opin Pediatr. (2024) 36(2):150-5. doi: 10.1097/MOP.
0000000000001329

10. OKeeffe J, Salem-Bango L, Desjardins MR, Lantagne D, Altare C, Kaur G, et al.
Case-area targeted interventions during a large-scale cholera epidemic: a prospective
cohort study in northeast Nigeria. PLoS Med. (2024) 21(5):e1004404. doi: 10.1371/
journal.pmed.1004404

11. Adagbad AO, Adesida SA, Nwaokorie FO, Niemogha M-T, Coker AO. Cholera
epidemiology in Nigeria: an overview. Pan Afr Med J. (2012) 12:59. doi: 10.11604/
pamj.2012.12.59.1627

12. Charnley GE, Yennan S, Ochu C, Kelman I, Gaythorpe KA, Murray KA. Cholera
past and future in Nigeria: are the global task force on cholera control’s 2030 targets

frontiersin.org


https://doi.org/10.1371/journal.pone.0297324
https://doi.org/10.2196/27627
https://doi.org/10.15212/ZOONOSES-2023-0027
https://doi.org/10.1371/journal.pone.0235440
https://doi.org/10.1371/journal.pone.0235440
https://doi.org/10.1016/j.jobb.2020.11.004
https://doi.org/10.1016/j.jobb.2020.11.004
https://doi.org/10.11604/pamj.2019.34.128.17997
https://doi.org/10.1097/MOP.0000000000001329
https://doi.org/10.1097/MOP.0000000000001329
https://doi.org/10.1371/journal.pmed.1004404
https://doi.org/10.1371/journal.pmed.1004404
https://doi.org/10.11604/pamj.2012.12.59.1627
https://doi.org/10.11604/pamj.2012.12.59.1627
https://doi.org/10.3389/fepid.2025.1480230
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/

Hagos et al.

achievable? PLoS Negl Trop Dis. (2023) 17(5):¢0011312. doi: 10.1371/journal.pntd.
0011312

13. Akyala Ishaku A, Shadrack BE, Ajumobi O, Olayinka A, Nguku P. Investigation
of cholera outbreak in an urban north central Nigerian community: the akwanga
experience. Public Health Res. (2014) 4:7-12. doi: 10.5923/j.phr.20140401.02

14. Mireku-Gyimah N, Apanga PA, Awoonor-Williams JK. Cyclical cholera
outbreaks in Ghana: filth, not myth. Infect Dis Poverty. (2018) 7:51. doi: 10.1186/
540249-018-0436-1

15. Haileamlak A. Why is the acute watery diarrhea in Ethiopia attaining extended
course? Ethiop ] Health Sci. (2016) 26(5):408. doi: 10.4314/ejhs.v26i5.1

16. Moradi G, Rasouli MA, Mohammadi P, Elahi E, Barati H. A cholera outbreak in
Alborz province, Iran: a matched case-control study. Epidemiol Health. (2016) 38:
€2016018. doi: 10.4178/epih.e2016018

17. Amaah P. Quantitative and qualitative analysis of the knowledge, attitudes and
social representations of cholera in the extreme northern region of Cameroon: the case
of maroua I, maroua ii and mokolo. Pan Afr Med J. (2014) 17:253. doi: 10.11604/pamj.
2014.17.253.2799

18. Silva AJ, Benitez JA. Vibrio cholerae biofilms and cholera pathogenesis. PLoS
Negl Trop Dis. (2016) 10(2):¢0004330. doi: 10.1371/journal.pntd.0004330

19. Griffith DC, Kelly-Hope LA, Miller MA. Review of reported cholera outbreaks
worldwide, 1995-2005. Am ] Trop Med Hyg. (2006) 75(5):973-7. doi: 10.4269/
ajtmh.2006.75.973

Frontiers in Epidemiology

08

10.3389/fepid.2025.1480230

20. Acosta CJ, Galindo CM, Kimario J, Senkoro K, Urassa H, Casals C, et al. Cholera
outbreak in southern Tanzania: risk factors and patterns of transmission. Emerg Infect
Dis. (2001) 7(3 Suppl):583. doi: 10.3201/eid0707.010741

21. Taylor DL, Kahawita TM, Cairncross S, Ensink JH. The impact of water,
sanitation and hygiene interventions to control cholera: a systematic review. PLoS
One. (2015) 10(8):e0135676. doi: 10.1371/journal.pone.0135676

22. Elimian KO, Mezue S, Musah A, Oyebanji O, Fall IS, Yennan S, et al. What are
the drivers of recurrent cholera transmission in Nigeria? Evidence from a scoping
review. BMC Public Health. (2020) 20(1):432. doi: 10.1186/5s12889-020-08521-y

23. D'Mello-Guyett L, Gallandat K, Van den Bergh R, Taylor D, Bulit G, Legros D,
et al. Prevention and control of cholera with household and community water,
sanitation and hygiene (WASH) interventions: a scoping review of current
international guidelines. PLoS One. (2020) 15(1):e0226549. doi: 10.1371/journal.
pone.0226549

24. Byleveld PM, Deere D, Davison A. Water safety plans: planning for adverse
events and communicating with consumers. ] Water Health. (2008) 6(Suppl 1):1-9.
doi: 10.2166/wh.2008.035

25. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of
usual blood pressure to vascular mortality. Lancet. (2003) 361(9366):1391-2. doi: 10.
1016/S0140-6736(03)13064-4

26. Fleifel M, Abi Farraj K. The Lebanese healthcare crisis: an infinite calamity.
Cureus. (2022) 14(5):e25367. doi: 10.7759/cureus.25367

frontiersin.org


https://doi.org/10.1371/journal.pntd.0011312
https://doi.org/10.1371/journal.pntd.0011312
https://doi.org/10.5923/j.phr.20140401.02
https://doi.org/10.1186/s40249-018-0436-1
https://doi.org/10.1186/s40249-018-0436-1
https://doi.org/10.4314/ejhs.v26i5.1
https://doi.org/10.4178/epih.e2016018
https://doi.org/10.11604/pamj.2014.17.253.2799
https://doi.org/10.11604/pamj.2014.17.253.2799
https://doi.org/10.1371/journal.pntd.0004330
https://doi.org/10.4269/ajtmh.2006.75.973
https://doi.org/10.4269/ajtmh.2006.75.973
https://doi.org/10.3201/eid0707.010741
https://doi.org/10.1371/journal.pone.0135676
https://doi.org/10.1186/s12889-020-08521-y
https://doi.org/10.1371/journal.pone.0226549
https://doi.org/10.1371/journal.pone.0226549
https://doi.org/10.2166/wh.2008.035
https://doi.org/10.1016/S0140-6736(03)13064-4
https://doi.org/10.1016/S0140-6736(03)13064-4
https://doi.org/10.7759/cureus.25367
https://doi.org/10.3389/fepid.2025.1480230
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/

	Cholera outbreak and associated risk factors in Dollo Ado district, Ethiopia: un-matched case-control study, 2023
	Introduction
	Methods and materials
	Study area and period
	Case definition and finding
	Data collection
	Descriptive epidemiology
	Environmental survey
	Sample collection and processing
	Isolation and identification of V. cholerae
	Hypothesis generation
	Case-control study

	Results
	Descriptive epidemiology
	Hypothesis generation findings
	Environmental findings
	Laboratory findings
	Case-control study findings
	Multivariate analysis of risk factors

	Discussion
	Conclusion
	Recommendations
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


