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An unmatched case-control study

") Check for updates

Background: Cholera is a major public health challenge in Nigeria. On 09 September 2021, the
Adamawa State Ministry of Health confirmed an outbreak affecting 12 local government areas
(LGAs).

Aim: To describe the outbreak and identify risk factors.
Setting: Community-based in Adamawa State, Nigeria (30 June 2021 — 01 December 2021).

Methods: We described the State cholera line list (30 June 2021 — 01 December 2021) and
estimated case fatality and attack rates. We conducted an unmatched case-control study in
seven LGAs, involving 66 laboratory-confirmed cases and 120 asymptomatic neighbourhood
controls. We collected data on demographics, clinical history, practices and risk factors using
interviewer-administered questionnaires. We executed univariate, bivariate and multivariate
analyses to estimate adjusted odds ratios (aORs) and 95% confidence intervals (CIs).

Results: Of 1332 cases reported across 12 LGAs, we recorded an overall case fatality rate (CFR)
of 3.6%. We recorded the highest CFR (16.7%) in Song and the attack rate (N = 239.6,/100000)
in Numan. Children aged 5-14 years were most affected. The median age was 24 years for cases
(range: 1-76) and 32 years for controls (range: 5-70). Males accounted for 54.5% (cases) and
53.3% (controls). Independent risk factors were age < 10 years (aOR = 9.7; 95% CI: 2.6-34.9)
and consumption of street-vended noodles (aOR = 7.0; 95% CI: 1.4-34.8).

Conclusion: The outbreak disproportionately affected children with unregulated food sources,
contributing significantly. Public health interventions included hygiene education and
chlorine distribution. Strengthening food safety regulations and sustaining hygiene promotion
were recommended to mitigate future outbreaks.

Contribution: The study supports Nigeria’s Cholera Control Programme in refining hygiene
strategies, regulating street food safety and targeting high-risk groups, such as young children.
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Introduction

Cholera persists as a major global health problem that causes substantial mortality and
morbidity, particularly in low- and middle-income countries. The disease is caused by Vibrio
cholerae and is primarily transmitted through contaminated food or water in settings with poor
sanitation and unsafe drinking water.'? Despite global progress, recurrent outbreaks continue
to occur, especially in Africa and Asia, the Middle East, and South and Central America, where
weak health systems and humanitarian crises exacerbate transmission.** In 2021, 23 countries
reported cholera outbreaks, mostly within the African and Eastern Mediterranean Regions.?
This trend continued into 2022, with the number of affected countries increasing to 30.> Africa
continues to carry a large proportion of the global burden in comparison to other regions.®
African countries contributed 21% of the suspected global cholera cases and accounted for
nearly 80% of the deaths reported to the World Health Organization (WHO) between 2014 and
2021.7 In 2022 alone, 15 African countries reported almost 80000 cases and 1863 deaths.®

Nigeria is among the African countries where cholera is endemic, and the disease has been
responsible for recurrent large-scale outbreaks.® More than 43000 cases and 836 deaths were

How to cite this article: Abba AA, Ameh C, Sadauki A, et al. Cholera outbreak investigation in Adamawa state, Nigeria, June 2021 —
December 2021: An unmatched case-control study. J Public Health Africa. 2026;17(1), a1559. https://doi.org/10.4102/jphia.v17i1.1559

Copyright: © 2026. The Authors. Licensee: AOSIS. This work is licensed under the Creative Commons Attribution 4.0 International
(CC BY 4.0) license (https://creativecommons.org/licenses/by/4.0/).

http://publichealthinafrica.org . Open Access


http://publichealthinafrica.org�
https://orcid.org/0009-0002-1366-5266
https://orcid.org/0000-0001-5703-7486
https://orcid.org/0000-0001-5969-3663
https://orcid.org/0000-0002-4846-9698
https://orcid.org/0009-0002-8136-6487
https://orcid.org/0000-0001-8337-796X
https://orcid.org/0000-0003-1792-0295
https://orcid.org/0009-0001-0074-1015
https://orcid.org/0009-0000-3681-7408
https://orcid.org/0000-0002-6737-0378
mailto:aisha.abba@ncdc.gov.ng
http://crossmark.crossref.org/dialog/?doi=10.4102/jphia.v17i1.1559&publichealthinafrica.org=pdf&date_stamp=2026-08-20
https://doi.org/10.4102/jphia.v17i1.1559�
https://creativecommons.org/licenses/by/4.0/�

reported across 20 states in 2018.®* A more recent outbreak
occurred in 2021, when more than 111000 suspected cases
and 3600 deaths were documented nationwide, resulting in
a case fatality rate (CFR) of 3.2%.'* Although the number of
suspected cases had declined to approximately 24000 with
592 deaths by 2022 (CFR of 2.5%), the outbreak remained
geographically widespread, affecting 33 states.”’® As in
previous years, the northern part of the country, particularly
the North-East, experienced the heaviest toll."! Multiple
factors contribute to the persistence of cholera in Nigeria,
including unsafe water sources, overcrowded settlements
and poor sanitation. In addition, humanitarian cases such as
population displacement increase vulnerability to outbreaks
by creating conditions that favour contamination of food
and water supplies.*'>!?

Adamawa State, located in north-eastern Nigeria, was among
the states affected during the 2021 cholera outbreak. Despite
an extensive network of rivers and streams, sanitation remains
a major public health challenge in the state, nearly 20% of the
population practices open defecation, and access to safe
drinking water and improved sanitation facilities is limited in
many communities, creating conditions that facilitate
recurrent outbreaks of waterborne diseases, including
cholera." The Adamawa State Ministry of Health officially
declared a cholera outbreak following reports of acute watery
diarrheal illness across several local government areas (LGAs).
The outbreak spread rapidly across multiple communities,
resulting in substantial morbidity and mortality.” In response,
an incident management system was activated with partner
support, and a cholera treatment centre was established in
Yola to strengthen coordination and case management.
However, while outbreak situation reports often emphasise
case counts and transmission trends, there remains a paucity
of evidence on the specific risk factors driving cholera
transmission during outbreaks in Nigeria.'® Addressing this
gap is essential for informing targeted prevention strategies
and guiding timely public health action. We therefore
investigated the 2021 cholera outbreak in Adamawa State to
determine its magnitude, describe cases by person, place and
time, and identify risk factors associated with the infection.

Research methods and design
Study design

We conducted a mixed-methods outbreak investigation
comprising two components: (1) a descriptive epidemiological
analysis of the Adamawa state of cholera cases reported in
Adamawa State between 30 June 2021 and 01 December 2021,
and (2) an unmatched case-control study conducted during
the late phase of the outbreak to identify factors associated
with cholera transmission.

The descriptive component utilised the Adamawa State cholera
line list to characterise the outbreak by person, place and time.
The analytic component was conducted between 19 November
2021 and 01 December 2021, corresponding to the period of
active field investigation when laboratory confirmation
capacity and incident case detection were optimal.

Page 2 of 8 . Original Research

http://publichealthinafrica.org . Open Access

Seven LGAs (Demsa, Fufore, Girei, Mubi South, Numan,
Yola North and Yola South) reporting new cases of
cholera were included in the analytical study. These
LGAs were purposively selected to capture areas with
ongoing transmission, thereby enabling inclusion of
recent incident cases and improving the accuracy of
exposure assessment. Restricting the analytical study to
LGAs with active case reporting minimised recall bias
and enhanced the ability to identify current risk factors
driving transmission.

Setting

Adamawa State (capital Yola), located in the north-eastern
part of Nigeria, has a population of 4248436 as of 2016."
The state has 21 LGAs and is characterised by diverse
climatic conditions, with annual rainfall ranging from 79
mm in the northern zone to 179 mm in the southern zone.**
Several rivers traverse the state, most notably the River
Benue, which serves as a major source of water for
domestic use, agriculture and livestock across multiple
towns and communities.'”

Case definition for descriptive epidemiology

Case definitions for the descriptive component were
adapted from standard cholera surveillance and outbreak
investigation in the integrated disease surveillance and
response technical guidelines issued by the Federal
Ministry of Health, Nigeria Centre for Disease Control
and Prevention, and the WHO.?® A suspected case of
cholera was defined as any person residing in Adamawa
State during the study period who presented with acute
watery diarrhoea, with or without vomiting.’® An
epidemiologically linked cholera case was defined as any
suspected case with a documented link to a confirmed
case by person, place or time. A confirmed case was
defined as a suspected case with laboratory confirmation
of V. cholerae O1 or O139 from a stool specimen or a
positive rapid diagnostic test.!

Case and control definitions for the analytic
study

For the analytic component, a more specific case definition
was employed to reduce outcome misclassification.

A case was defined as any person residing in Adamawa
State with laboratory-confirmed V. cholerae infection whose
illness onset occurred between 19 November 2021 and
01 December 2021.

A control was defined as any individual residing in the same
neighbourhood as a confirmed case who reported no history
of diarrhoea during the outbreak period.

Only laboratory-confirmed cases were included in the
analytic study. Suspected and epidemiologically linked
cases were used exclusively for descriptive epidemiology.
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Sampling strategy and participant selection for
analytical study

Confirmed cases were identified from health facilities
and cholera treatment centres across the seven selected
LGAs.

Controls were selected from the same neighbourhoods as
cases to enhance comparability of environmental and
community-level exposures, such as water sources and
sanitation conditions. Neighbourhoods were operationally
defined as households within the immediate residential
vicinity of a case household.

Control recruitment followed a systematic household
sampling approach. Starting from the household of an
identified case, field teams visited the second household
to the right. In each selected household, all eligible
household members were listed, and one individual was
randomly selected as a control. Only one control was
enrolled per household, even when multiple cases were
identified. If a selected household declined participation
or had no eligible participants, the next household was
approached.

This study was unmatched; no individual matching by
age, sex or other characteristics was performed.

Eligibility criteria

Cases were eligible if they had laboratory-confirmed
V. cholerae infection during the study period and resided
in Adamawa State. Controls were eligible if they resided
in the same neighbourhood as a confirmed case and
reported no history of diarrhoea during the outbreak
period.

Participants were excluded if they declined to provide
informed consent or were unable to participate in the
interview because of severe illness or other limiting
conditions.

Sample size

The sample size was determined using the StatCalc
function in Epi Info version 7.2.4.0 (CDC, Atlanta, GA,
United States [US]) based on a 95% two-sided confidence
level, 80% power, and a case-to-control ratio of 1:2, with
the Kelsey output option applied. An estimated 15.0%
prevalence of exposure among controls derived from a
previous outbreak informed the calculation.” Based on
these parameters, the minimum required sample size was
66 cases and 132 controls.

Given the evolving nature of the outbreak and field
logistics, 120 controls were ultimately enrolled, resulting
in a slightly reduced control-to-case ratio. All eligible
laboratory-confirmed cases identified during the study
period were included.
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Data collection

Data for the descriptive component were obtained from
case line lists compiled by the State Ministry of Health,
supplemented by active case searches conducted in health
facilities and affected communities.

An interviewer-administered structured questionnaire
developed and deployed using the Kobo toolbox (Kobo
Inc., Cambridge, MA, US) was used to collect data from
cases and controls for the analytical component. The
questionnaire captured socio-demographic characteristics,
clinical information, knowledge, attitude, and practices
related to cholera, and potential exposure risk factors.

Data analysis

Descriptive epidemiology

The dataset was systematically cleaned, and variables of
interest included age, sex, date of symptom onset, LGA
and outcome. Analysis was conducted by person, place
and time. Frequencies, proportions, CFR, and attack rates
were calculated using Microsoft Excel 2019 and Epi Info
version 7.

Analytical epidemiology

The dataset was cleaned using Microsoft Excel 2019 and
analysed with Epi Info version 7.2.4.0. Univariate, bivariate
and multivariate analyses were performed. Key exposure
variables, such as handwashing before meals, drinking water
storage practices and age group, were dichotomised to
facilitate bivariate analysis. Adjusted odds ratios with
corresponding 95% confidence intervals (Cls) were calculated
to measure associations between exposures and outcomes.

Ethical considerations

Ethical clearance to conduct this study was obtained from
the Adamawa State Health Research Ethics Committee
(ADHREC), Nigeria (Protocol No. ADHREC 04/07/2025;
Approval No. ADHREC 10/07/2025/37). The study received
expedited ethical approval, and all research activities were
conducted in accordance with the ethical principles and
guidelines governing health research in Nigeria. Both cases
and controls provided verbal consent for the interview.

Results
Descriptive epidemiology of the outbreak

As of 22 December 2021, a total of 1332 cholera cases were
reported across 12 LGAs in Adamawa State. The 5-14-year
age group was the most affected, and more cases occurred
among males than females (Figure 1). Yola North LGA
accounted for the highest proportion of cases, 415 (31.2%),
while Song LGA reported the lowest, 6 (0.2%). The overall
CFR was 3.6%, with Song LGA recording the highest CFR
(16.7%). The attack rate was highest in Numan LGA (n =239.6
per 100000 population) and lowest in Song LGA (n = 2.3 per
100000 population) (Table 1).



http://publichealthinafrica.org�

Figure 2 illustrates the epidemic curve of the outbreak.
The index case was reported on 30 June 2021, in
epidemiological week 22. Sporadic cases were identified
from epidemiological week 26 to week 36, during which
cases peaked, and deaths were reported. Cases steadily
increased until week 46, when the rapid response team
was dispatched to intervene.

Figure 3 shows that a higher number of cases (> 200)
were seen in Yola North LGA, and the least number of
cases (< 10) were seen in Song LGA.

Analytical epidemiology

A total of 186 participants were enrolled in the case-control
study, comprising 66 cases and 120 controls, yielding a
100% response rate. The median age across both groups
was 28.0 years. Males represented 36 (54.5%) of the cases
and 64 (53.3%) of the controls. Participants aged 30 years
and above accounted for 22 (33.3%) of cases and 66 (55.0%)
of controls. The majority of participants identified as
Muslim, 56 (84.8%) among cases and 93 (77.5%) among
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FIGURE 1: Age—sex distribution of cholera cases in Adamawa State, June 2021 to
December 2021.
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controls. Unemployment was common among both
groups, with 56 (84.8%) of cases and 99 (82.5%) of controls
reporting no formal employment (Table 2).

Table 3 shows the risk factors associated with cholera
infection amongst cases and controls. Those aged < 10
years are 9.7 times more likely to have cholera compared
to those > 10 years (OR = 9.7, CI: 2.6-34.9). The table also
shows that those who ate noodles from street vendors
were seven times as likely to have cholera as those who
did not (OR =7.00, CI: 1.4-34.8).

Discussion

This investigation into the 2021 cholera outbreak in Adamawa
State identified a high CFR and pointed out specific,
modifiable high-risk factors, particularly the consumption
of street-vended food and the heightened vulnerability of

TABLE 1: Demographic distribution of cholera cases in Adamawa State as of
22 December 2021.

LGA Cases Death CFR (%) LGA projected AR/100 000
—n % population

Demsa 15 1.1 0 0 238400 6.3
Fufore 29 2.2 0 0 279 900 10.4
Girei 150 11.3 3 2.0 173 500 86.5
Gombi 35 2.6 3 8.6 197 500 17.7
Hong 15 1.1 2 13.3 226 100 6.6
Lamurde 137 10.3 11 8.0 148 700 92.1
Mubi South 19 1.4 2 10.5 173 700 10.9
Numan 293 22.0 9 3.1 122300 239.6
Shelleng 26 2.0 0 0 198 400 13.1
Song 6 0.5 1 16.7 260900 2.3
Yola North 415 31.2 10 2.4 266 800 1555
Yola South 192 14.4 7 3.6 262 200 73.2
Total 1332 100 48 3.6 2548 400 714.2

Note: This data is based on an unpublished Cholera outbreak linelist, used as an internal
document containing outbreak data from Adamawa State Ministry of Health, Adamawa
State, Nigeria in December 2021.

AR, attack rate; CFR, case fatality rate; LGA, local governmental area.
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FIGURE 2: Epi curve by week of suspected cholera cases and deaths in Adamawa State from June 2021 to December 2021.
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young children. These findings provide crucial, local
evidence to guide targeted public health interventions and
strengthen the national cholera control programme.

The outbreak was severe, with an overall CFR of 3.6%, a
figure that far exceeds the WHO-recommended emergency
benchmark of 1%.% This high CFR, which is greater than
that of a previous outbreak in the state in 2018, suggests
significant challenges in the public health response, likely
including delays in case presentation to health facilities and
suboptimal clinical case management.?’ The prolonged
duration of the outbreak and its spread across multiple
LGAs, as evidenced by the propagated epidemic curve,
further suggest that initial control measures may have been
delayed or insufficient to break the chains of person-to-
person transmission.?*

Our case-control study identified the consumption of street-
vended noodles as a significant risk factor for cholera
infection. This is consistent with findings from other urban
outbreaks where contaminated food and drinks from
unregulated vendors were major vehicles of transmission.?#*%
In a setting like Adamawa, with known deficiencies in water

Mayo-Belwa

[1 No cases
[] <10 cases
[ 10-50 cases
B 51-200 cases
I > 200 cases

Teungo

100 0 100 200 300 400 km
HN NN )

Note: This data is based on an unpublished Cholera outbreak linelist, used as an internal
document containing outbreak data from Adamawa State Ministry of Health, Adamawa
State, Nigeria in December 2021. The map was generated by the authors Lukman Ismaila and
Aisha A. Abba.

FIGURE 3: Map of Adamawa State showing local government areas affected by
cholera.
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and sanitation infrastructure, food items sold by street
vendors are highly susceptible to contamination through
poor handling, unsafe water sources and environmental
exposure.” Epidemiological evidence from a study in Zambia
showed that contaminated food was a major path of
transmission of cholera during an outbreak.”® Even though
this study was not designed to determine whether street
vendors had the knowledge or supplies to practice sanitary
food and drink preparation, this area deserves further
exploration.” The finding in this study also contradicts other
studies that did not find an association between the
consumption of food from street vendors and cholera.?

In this study, younger age groups (< 10 years) were more
affected than adults, which agrees with findings from some
other studies that reported a higher number of cholera cases
in children.?’ Cholera among children can have significant
public health implications, including high rates of morbidity
and mortality, rapid spread within communities and long-
term social and economic consequences.” Given the increased
vulnerability of this age group, they should be prioritised for
oral cholera vaccination (OCV). However, given the high
operational cost of OCV administration, we recommend
integrating it into the routine immunisation programme in
Nigeria.* The cholera outbreak in Adamawa State lingered
for a prolonged period, spreading across LGAs sharing
borders. This showed a delayed effective response that may
have delayed curtailment of the outbreak. Delays may
arise during outbreak responses from multiple factors,
including surveillance capacity, verification requirements,
and administrative or governance-related decision-making
processes.*!

TABLE 2: Socio-demographic distribution of cases and controls in Adamawa
State, Nigeria, June 2021 — December 2021.

Characteristics Cases Controls Total

n % n % n %
Sex
Male 36 54.5 64 53.3 100 53.7
Female 30 45.5 56 46.7 86 46.4
Total 66 35.5 120 64.5 186 100
Age group (years)
0-9 13 19.7 3 2.5 16 8.6
10-19 13 19.7 21 17.5 34 18.3
20-29 18 27.3 30 25.0 48 25.8
>30 22 333 66 55.0 88 47.3
Religion
Islam 56 84.8 93 77.5 149 80.1
Christianity 10 15.2 27 22.5 37 19.9
Type of household
Multi-dwelling 27 40.9 51 42.5 78 41.9
Single dwelling 39 59.1 69 57.5 108 58.1
Occupation
Artisan 1 15 0 0.0 1 0.5
Banker 0 0.0 1 0.8 1 0.5
Business owner 2 3.0 5 4.2 7 3.8
Civil servant 8] 4.5 13 10.8 16 8.6
Farmer 1 1.5 0 0.0 1 0.5
Others 3 4.5 2 1.7 5 2.7
Unemployed 56 84.8 99 82.5 155 83.3



http://publichealthinafrica.org�

Page 6 of 8 . Original Research

TABLE 3: Multivariate analysis of selected exposures among cases and controls (N = 186).

Exposure Cases (N = 66) Controls (N = 120) OR OR p-value aOR aOR (95% Cl)
n % n % (95% CI1)
Sex = = = = 0.95 0.52-1.74 0.870 = =
Male 36 54.5 64 533 - - - - -
Female 30 34.9 56 46.7 - - - - -
Age group (years) - - - - 9.561 2.61-34.98% <0.0011 10.821 2.94-9.72%
<10 13 19.7 3 25 - - - - -
210 53 80.3 117 97.5 - - - - -
Education - - - - 1.31 0.63-2.81 0.257 - -
Formal 44 66.7 73 60.8 - - - - -
Informal 27 18.2 26 21.6 - - - = =
Household type - - - - 0.93 0.50-1.72 0.830 - -
Single dwelling 39 59.0 69 57.5 - - - - -
Multi-dwelling 27 40.9 51 42.5 - - - - -
Religion = = = = 0.62 0.27-1.36 0.229 = =
Christianity 10 15.2 27 22.5 - - - - -
Islam 56 84.8 93 77.5 - - - - -
Open defecation - - - - 1.18 0.56-2.43 0.662 - -
Yes 15 22.7 24 20.0 - - - - -
No 51 77.3 96 80.0 - - - - -
Treats drinking water - - - - 0.86 0.36-2.06 0.743 - -
Yes 9 13.6 19 15.8 - - - - -
No 46 69.7 84 70.0 = = = = =
Knowledge of cholera - - - - 0.3 0.12-0.74 7.38 - -
Yes 52 78.8 111 925 - - - - -
No 14 21.2 9 7.5 - - - - -
Ate street noodles - - - - 7.00t 1.41-34.71 0.006F 8.74% 1.75-43.691
Yes 7 10.6 2 1.7 - - - - -
No 59 89.4 118 98.3 - - - - -
Ate vegetables - - - - 1.01 0.45-2.21 0.982 - -
Yes 21 31.8 37 30.8 - - - - -
No 18 27.3 32 48.5 - - - - -
Ate cold fried fish - - - - 3.90 0.94-16.14 0.045 - -
Yes 6 9.1 3 2.5 - - - - -
No 60 90.9 117 97.5 - - - - -
Drinking water stored in a wide-mouthed container - - - - 0.84 0.40-1.77 0.656 - -
Yes 13 19.7 27 22.5 - - -
No 53 80.3 93 77.5 - - -
Wash your hands before eating - - - - 1.01 0.56-1.86 0.952 - -
Yes 30 45.5 54 45.0 - - - - -
No 36 30.0 66 55.0 - - - - -
Wash your hands after using the toilet - - - - 1.19 0.65-2.17 0.572 - -
Yes 32 48.5 53 44.2 - - - - -
No 34 51.5 67 55.8 - - - - -

T, Statistically significant values.
aOR, adjusted odds ratio; OR, odds ratio; Cl, confidence interval.

This study has several limitations inherent to outbreak
investigations conducted in real-world emergency
settings. Firstly, delayed outbreak notification delayed the
field investigation, resulting in the analytic component
being conducted in the later phase of the outbreak.
However, this also allowed the inclusion of recent incident
cases, thereby improving exposure recall and outcome
ascertainment.

Secondly, serological testing was not performed among
controls. As cholera infection may be asymptomatic, some
degree of outcome misclassification is possible. This
misclassification is likely to have been non-differential and
would therefore bias the effect estimate towards the null,
suggesting that observed associations may be conservative.

http://publichealthinafrica.org . Open Access

Thirdly, controls were selected from the same neighbourhoods
as cases to account for shared environmental exposures.
While this approach may limit variability in some risk factors,
it strengthens internal validity by reducing confounding
related to water and sanitation conditions.

Finally, environmental sampling was limited, and food
samples were not tested. As a result, this study relied on
epidemiological rather than microbiological evidence to infer
transmission pathways.

Conclusion

Our investigation into the 2021 cholera outbreak in Adamawa
State concluded that children under 10 years of age and
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individuals consuming street-vended noodles were at
significantly higher risk of infection. These findings highlight
the vulnerability of young children and underscore the
critical role of unregulated food sources in cholera
transmission. Public health interventions included targeted
hygiene education for food vendors and the community, as
well as the distribution of chlorine tablets in affected areas.
To mitigate future outbreaks, we recommend that the State
Ministry of Health enhance food safety regulations for street
vendors and sustain educational programmes that emphasise
the importance of personal, food and environmental hygiene.
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