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Abstract

Background Cholera is an acute, severe, illness caused by infection with Vibrio cholerae. Cholera outbreaks are closely
linked to armed conflicts and humanitarian emergencies. This study describes the cholera outbreak amidst conflict in
Gadaref state, discusses the possible factors mediated its spread and proposes future improvements in preparedness
and response measures.

Methods A retrospective analytical study was conducted using national surveillance records of cholera cases,
supported by interviews with key informants involved in preparedness and response, along with a review of state
reports, to identify possible factors contributing to the spread and to evaluate the response.

Result The outbreak was confirmed after the isolation of Vibrio cholerae of O1 serotype, with both Inaba and Ogawa
serogroups. A total of 2,047 cholera cases records reviewed. The mean age was 16.8 (SD, 15.8) with an equal gender
distribution. The case fatality ratio was 2.4% and the overall attack (AR) rate was 7.38 cases per 10,000 population, with
the highest in Medeinat Gadaref locality (21.07/10,000). Interviews and reports review suggest that the outbreak was
likely imported to villages near Ethiopian border before spreading to other parts of Gadaref. Atbara seasonal river,
was the identified source of infection at the beginning. A disrupted health system due to conflict, delays in response
teams’'deployment, and late implementation of control measures were identified as factors contributing to response
delay and expansion of the outbreak. Oral cholera vaccine campaign was implemented in five localities, followed by
an observable decline in cases.

Conclusion Cholera remains a recurrent risk that has been further exacerbated by the armed conflict. The reporting
of index cases from a border village highlights the need to strengthen surveillance at points of entry. Investment

in case management and risk communication is necessary to improve clinical outcomes. The use of Oral Cholera
Vaccine was associated with a decline in cases; however, further field studies are recommended to analyze its actual
contribution in limiting the outbreak. The government’s primary role in leading and financing preparedness and
response interventions has been limited by the conflict, urging investment in community-led interventions, while
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moving to more strategic outbreak preparedness and response financing mechanisms remains a priority, with partner

support being essential in conflict settings.

Keywords Cholera outbreak, Surveillance, Sudan armed conflict, Oral cholera vaccine

Background

Cholera is an acute, severe, and sometimes lethal diar-
rheal illness that has affected almost the whole world
through several outbreaks. It is caused by infection with
Vibrio cholerae, a Gram-negative curved bacterium of
the small intestine [1]. If left untreated, cholera is asso-
ciated with very high mortality within a short period
of time due to severe dehydration [2]. The actual global
burden of cholera is largely unknown as the majority
of cases remain unreported. As indicated by the World
Health Organization (WHO), only 5-10% of cases occur-
ring annually are officially reported, however, this is still
enough to cause considerable mortality [3]. The under-
reporting of the disease is explained by several factors
including the limited capacity of epidemiological services
and laboratories, as well as the economic, social, and
political discouragement of reporting [4].

The world has experienced several cholera pandem-
ics since the early 19th century with the last one occur-
ring in the late 20th century with both serotypes O1 and
0139 identified as responsible, however, the O1 serotype
is more strongly linked to these pandemics [5]. Many fac-
tors like poverty, poor sanitation, limited access to safe
water and collapsed infrastructure are well known to play
key role in cholera outbreaks [6-8].

Sudan has experienced many outbreaks during the past
10 years, according to the Federal Ministry of Health
(FMOH) records, an outbreak led to 15,000 cases and 279
deaths in 2016, affecting many states in different regions
in Sudan [9]. Consequently, in 2017, a traditional gold
mining center for many Sudanese people with poor envi-
ronmental and water sanitation witnessed an outbreak in
Northern State. From the 7th to the 36th epidemiological
week, the total number of cases reported was 957 with
a case fatality ratio (CFR) of 1.9% [10]. The last outbreak
reported in Sudan was in 2019, affecting both Sennar and
Blue Nile states and causing high mortality with CFR of
4% in Blue Nile and 2.3% in Sennar [11]. During this last
outbreak the Oral Cholera Vaccine (OCV) was used for
the first time as one of the interventions. The OCV was
effective in controlling the outbreak and preventing its
expansion as concluded by Mohamed NS et al. [11].

On April 15, 2023, the Sudan armed conflict started
causing disruptions in health system across all Sudan
states and leading to large displacement. The number
of internally displaced persons (IDPs) is estimated to
have reached 10 million. Such a humanitarian emer-
gency is associated with poor shelter, decreased water
quality, inadequate sanitation and massive population

movement, all of which facilitate the emergence and
rapid spread of infectious diseases [12, 13]. More specifi-
cally, cholera outbreaks are strongly linked to armed con-
flicts and humanitarian emergencies [14—18]. Cholera
outbreak was confirmed and declared in Gadaref state
in late August 2023, four months after the armed con-
flict began. This placed the health authorities under high
stress during a very critical time when resources were
very limited and health partners were not yet settled.

This study describes the outbreak of cholera in Gadaref
state, from August 2023 to January 2024 and discusses
the possible factors that contributed to its spread while
proposing future improvements in preparedness and
response measures.

Methods

A retrospective case study of the cholera outbreak in
Gadaref state, Sudan (from August 24, 2023, to January
1,2024).

Case definition: The Sudanese National and State-level
epidemiological surveillance system defines a suspected
cholera case as any patient aged 5 or older present-
ing with a sudden onset of watery diarrhea, without
abdominal pain, with or without vomiting. The presence
of severe dehydration or death from acute watery diar-
rhea increases the probability of cholera. A confirmed
cholera case requires a suspected case with Vibrio chol-
erae isolated through culture or confirmed by RT-PCR.
Rapid diagnostic tests were also used to support detec-
tion as confirmatory bacteriological testing conducted
on a limited number of suspected cases at the outbreak’s
beginning.

Reporting and data flow: Cases were reported from the
lower levels—health facilities and communities—to the
locality (district) level, where the locality Rapid Response
Team (RRT) was deployed for the initial investigation
of cases. The investigation covered the collection of full
details on cases, contacts, the affected area, the pos-
sible source of infection, and the collection of environ-
mental and stool samples for confirmation. The locality
level reported to the state level, where validation was
done and additional support was provided for investiga-
tion. The data then flowed up to the national level, where
final validation and compilation done. The stool samples
were transported to the National Public Health Labora-
tory (NPHL) for testing, and feedback on the results was
immediately sent back to the lower levels. Environmental
sampling, particularly drinking water sampling, is done
by the RRT, and samples are tested at the state level at
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the Directorate of Environmental Health using the Total
Coliform and E. coli microbiological test.

Study population: The study used the cholera cases
records of Gadaref state, at the national level at the
National Surveillance Directorate, in addition to the col-
lection of qualitive data from selected key informants at
the state and the national levels.

Inclusion and exclusion criteria: For the case records
the study only included confirmed cholera cases records
at the national level, validated and compiled at the
National Surveillance Directorate. Records missing criti-
cal variables like dates, clinical features, and other impor-
tant demographics were excluded. The key informants
were selected purposively based on their direct links to
surveillance and response activities during the outbreak.
The study included 11 key informants: five from the
national response team, four surveillance and response

Table 1 Distribution of cholera cases by person characteristics in
Gadaref 2023. (n=2047)

Variable Frequency %
Sex (n=2047)
Male 1021 499
Female 1026 50.1
Age group (n=2047)
<5 340 16.6
5-15 293 143
15-30 544 26.5
30-45 408 19.9
45-60 207 10.1
60&More 255 124
Occupation (n=2045)
Freelance 313 153
Tea seller 2 0.09
Tradesman 27 13
Housewife 590 288
Student 307 15.0
Unemployed 600 293
Farmer 59 2.8
Teacher 18 0.8
Gov. employee 118 5.7
Health Worker 11 0.5
Symptoms (n=2047)
Watery diarrhea 2047 100
Vomiting 1473 719
Nausea 183 8.9
Dehydration 1093 533
Headache 34 1.6
Fever 41 20
Dehydration (n=1723)
Yes 1093 63.4
No 630 36.5
Deaths (n=2047)
Yes 50 24
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personnel at state level, and two WHO staff involved in
the response activities at the state level.

Data collection: Data was collected through obtaining
the cases line-list from the national surveillance system
for case record analysis, which was done using Epi info 7
software. Cases were described by person, place and time
using tables and charts. In addition, state reports were
reviewed to identify the potential factors that facilitated
the spread of the diseases. An in-depth interview guide
was developed and included questions covering spe-
cific themes such as; the field investigation findings, the
source of infection, potential spread factors, surveillance
and reporting, timeliness of the response activities imple-
mentation, effect of the conflict on the response. The
qualitative data was transcribed into text and analyzed
with thematic analysis.

The map demonstrating the geographical distribution
of the outbreak, was created using the ArcGIS (Geo-
graphical Information System) software.

Ethical approval was provided by the National Health
Emergencies and Epidemic Control General Directorate
(HEEC) at Federal Ministry of Health (FMOH). Data from
the line-list was used after the removal of personal infor-
mation like names and contact numbers for each patient’s
record.

Results

Outbreak confirmation

The outbreak was declared after the confirmation of the
diagnosis through the isolation of the organism, as 66
rectal specimens were cultured, with 22 (36%) of them
showing growth of Vibrio Cholerae. The identified sero-
type was O1 with both Inaba and Ogawa serogroups. The
outbreak was confirmed on 28th August 2023, and cases
continued to be reported based on the standard case
definition, epidemiological link, and rapid diagnostic test
(RDT) results.

Epidemiological distribution of cases

From a total of 2047 cholera cases reported from 28th
Aug 2023 to 1st Jan 2024, 50.1% were females. The mean
age was 16.8 years (SD 15.8), with 16.6% of cases aged
below five years. Regarding patients’ occupation, 28.9%
were housewives, 29.3% were unemployed, and only 0.5%
were health workers (Table 1). All patients reported acute
watery diarrhea; however, 63.4% developed dehydration.
There were 50 reported deaths, with a case fatality ratio
(CER) of 2.4%. The overall attack rate (AR) was 7.38 cases
per 10,000 population, with the highest AR in Baladyat
Algadaref locality (another name, Medeinat Al Gadaref),
reaching 21.07/10,000 (Table 2). In addition to reporting
the highest number of cases, Baladyat Algadaref locality
also had the highest CFR (Fig. 2). The outbreak peaked
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Table 2 Cholera attack rate per locality in Gadaref state for
10,000 population

Locality Attack rate/ 10,000
Baladyat Algedaref 21.07
Al Galabat Al Gharbyah - Kassab 10.87
Wasat Al Gedaref 738
Al Qureisha 6.80
Galabat Ash-Shargiah 539
Al Fashaga 4.75
Gala'a Al Nahal 1.54
Basundah 0.27
Al Mafaza 0.19
Ar Rahad-GD 0.17
Al Fao 0.16
Overall state attack rate 738

in epidemic week 43, with the number of reported cases
reached 254, and then began to gradually decline in the
following weeks (Fig. 1). The direction of spread was
from the eastern localities near the Ethiopian borders,
starting from Algalabat Alshargia (first in Hilat Khatir vil-
lage), followed by Alguraisha, then to Baladyat Algadaref,
and later expanded to involve the other localities (Figs. 3
and 4). The CFR was highest in Baladyat Algadaref, which
includes Algadaref city, the state capital (Fig. 3).
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Potential infection source and spread factors

From national and state RRT’s reports and interviews
with key informants in the cholera outbreak response,
the Ethiopia-bordering village was known for its regu-
lar population movement to and from Ethiopia. At
the same time there were unofficial media reports of
reported acute watery diarrhea (AWD) cases in Ethio-
pia. In addition, there was a lack of safe drinking water
in the affected areas at the beginning of the outbreak. An
interviewee stated: “they all use the seasonal river water,
the Atbara River”. Water samples collected from the river
revealed fecal contamination with uncountable thermo-
tolerant coliform bacteria per 100 ml. This river is a com-
mon source of water for drinking, washing, bathing, and
swimming for both humans and animals. The river valley
was also used as an area for open defecation during dry
seasons. A national response field member declared that
“there was a delayed deployment of the state and national
RRT, which led to delays in case investigation and imple-
mentation of control measures, as well as a delayed provi-
sion of supplies and technical support at the locality level,
which resulted in improper case isolation and manage-
ment” These were factors that contributed to the disease’s
spread to other villages and even localities. The delay was
due to the health system disruption caused by the armed
conflict and the insufficient resources to deploy RRT,
including a lack of team incentives, transportation costs,

254
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Fig. 1 Distribution of Cholera cases by epidemic week, Gadaref state, Aug 2023 - Jan 2024 (n=2047)
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Fig. 3 Distribution of cholera cases and deaths by localities, Gadaref state, 2023-2024

and medical supplies, including infection control materi-
als. These also contributed to the delay. The aforemen-
tioned factors weakened the role of active cases-finding,
which contributed to under-reporting, as “Cases were

reported mainly through routine passive surveillance,”

said the national response leader. The conflict caused the
local health system to collapse; government employees at
health institutions ceased their work, healthcare services

provision declined, transportation was challenging, and
remote areas were difficult to reach. Additionally, there
was a shortage of medical supplies. Furthermore, part-
ners like non-governmental organizations (NGOs) were
also affected by the conflict, as their systems and logisti-
cal mechanisms were disrupted.
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Fig. 4 Comparison of reported cases in the localities where oral vaccination campaign was implemented

Oral cholera vaccine (OCV) introduction

Sudan has received OCYV, Euvichol-Plus, for the second
time in history, as a reactive response strategy, to be dis-
tributed in cholera-affected states. Five localities were
targeted in Gadaref state, with a total target population of
1,576,448. The vaccination campaign began in epidemio-
logic week 48 and lasted for 6 days in all targeted locali-
ties. Although the trend of the disease had already started
to decline, a further, clearly observable decrease in the
weekly reported cases was seen after the OCV campaign
(Fig. 4). Two weeks after the campaign, only a few cases
were reported in 2 localities, Baladyat Algadaref and
Algalabat Algarbiya (Fig. 4).

Discussion

The cholera emerged at a time when the health system
was under significant disruption and weakness due to the
ongoing armed conflict. The outbreak started in Gadaref
state in late August, with the first index cases reported
in Hilat Khatir, a border village near Ethiopia. There was
active border movement between the neighboring vil-
lages of both countries, with a high possibility that the
disease was imported from outside the country. This was
supported by the travel history of the cases and the recur-
rent outbreaks in Ethiopia, the last being in 2020, which
all support the importation hypothesis [19]. This is not
the first time that cholera has been imported from neigh-
boring countries; an overwhelming outbreak in 2016 was
imported from South Sudan and affected several states
[20]. Strengthening surveillance at points of entry along
the borders is highly recommended for early detection
and prevention of its spread. As of 1st January 2024, the
overall attack rate was 7.38/10,000, which is lower than

the average attack rate of cholera during the 2017 out-
break in Sudan, which was 12/100,000 [10]. Cholera cases
in this outbreak were mainly reported through routine
passive surveillance, which might have contributed to the
lower attack rate. Active case finding should be strength-
ened to address the underreporting issue. A considerable
proportion (16.6%) of infections occurred among the
under-five, which urges the need to revisit the standard
case definition to avoid excluding under-five children.
This aligns with the Yemen outbreak, which had a rela-
tively high infection rate among children compared to
other age groups [21]. The Crude CFR of this outbreak
is significantly high exceeding what is recommended by
the WHO as it should not pass 1% [3]. It is slightly higher
than that reported in 2016 [9]; however, it is close to the
CFR reported in Sennar (2.3%) in 2019, while in the same
year, the CFR was 4% in Blue Nile state [22]. The high
CFR could be attributed to poor case management and
poor risk communication activities leading to delayed
medical care-seeking. Intensive efforts should be focused
on health promotion and risk communication. Regard-
ing the presenting symptoms, all patients presented with
acute watery diarrhea, and most of them had vomiting,
while more than half had a degree of dehydration. These
symptoms were typical of cholera as described in the
standard case definition adopted by Ministry of Health
(MoH), as recommended by the WHO [3].

According to the field investigation report, the first
villages to be affected by the outbreak shared the same
water source, Atbrara River, which was identified as the
source of infection based on the biological testing of its
water. This is a seasonal river (flowing only during rainy
season, July — October) extending from the Ethiopian
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plateau and running through Gadaref state. In addition,
during the dry season, the river bed is a common place
for open defecation and waste disposal. The villages
along the riverside had no safe water sources, and the
communities there carried out all their daily activities in
the river, including swimming, doing laundry, and even
allowing animals to use the same water.

Additional factors such as the delays in RRTs deploy-
ment along with the delayed implementation of control
measures, including proper case isolation and treatment
were also key factors that contributed to the expansion
of the outbreak. It is well documented that a delay in
response to detected cholera cases leads to an enlarge-
ment of the outbreak size to the point where contain-
ment is very difficult [22]. Following the early detected
cases in Algalabat Alshargia locality, the preparedness
and prevention measures in the other cholera-free locali-
ties were very weak due to system disruption and lack of
resources. The role of humanitarian partners is crucial
to support MoH preparedness in risk areas and also to
support field interventions and control measures in this
complex context to achieve better response outcomes.
It is the government responsibility to lead preparedness
and response activities and to finance the interventions.
However, in conflict settings where the health system is
disrupted and the health authorities have lost significant
resources and supplies, the role of partners is critical to
support preparedness and response [23]. In addition,
empowering local communities and investing in commu-
nity-based solutions represent a sustainable and resilient
approach to combating outbreaks.

OCV has proven its effectiveness in Sudan in 2019
[11]; however, the observation in this campaign needs to
be supported by another field study to analyze its actual
contribution to the overall outbreak control. Before the
OCV campaign, the disease trend had already started
to decline, which could be attributed to other interven-
tions such as water and sanitation activities, improved
community practices, or even the natural progression of
the outbreak. A comprehensive response analysis is rec-
ommended for stronger evidence to inform future stra-
tegic direction. The current armed conflict poses several
factors that are expected to contribute to the spread of
cholera to other Sudan states. These include a disrupted
health system, limited resources for preparedness and
response, massive displacement, and open borders.

Limitations

Despite the important insights from real-ground experi-
ence that this study provides, there are still limitations in
the design that prevent a more in-depth analysis of the
situation, as could be achieved with other designs like a
case-control study or implementation research. These are
recommended alternatives that future researchers might
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consider. Additionally, the researchers were unable to
reach and include frontline workers at the locality (dis-
trict) level. Their reflections and field experiences could
have enriched the results, strengthened the evidence, and
widened the perspectives. This study is limited by poten-
tial confounding factors such as healthcare access, popu-
lation movement, and hygiene practices, which may have
influenced the outbreak dynamics and response effective-
ness. Additionally, findings are specific to Gadaref state
and may not be generalizable to regions with different
healthcare infrastructures, conflict conditions, or envi-
ronmental factors. Variability in surveillance data qual-
ity and possible underreporting also pose challenges in
accurately estimating the true disease burden.

Conclusion

Cholera remains a recurrent risk that has been fur-
ther exacerbated by the armed conflict. The reporting
of index cases from a border village highlights the need
to strengthen surveillance at points of entry. Significant
mortality was caused by cholera, urging greater invest-
ment in case management and risk communication to
improve clinical outcomes. The use of Oral Cholera Vac-
cine was associated with a decline in cases; however, fur-
ther field studies are recommended to analyze its actual
contribution in limiting the outbreak. The government’s
primary role in leading and financing preparedness and
response interventions has been limited by the conflict,
urging investment in community-led interventions, while
moving to more strategic outbreak preparedness and
response financing mechanisms remains a priority, with
partner support being essential in conflict settings.
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