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Summary

Background: Cholera is endemic in Uganda with cases reported annually. On July 19,
2023, the Uganda Ministry of Health declared a cholera outbreak in Kayunga District
following death of four family members within eight days and confirmation of Vibrio
cholerae by culture. We investigated the outbreak to determine the magnitude, factors
associated with cholera infection, and recommend control and prevention measures.
Methods: We defined a suspected case as onset of acute watery diarrhea during June
24—August 29, 2023 in a resident of Kayunga District aged =2 years. A confirmed case
was a suspected case with Vibrio cholerae cultured from stool. We described cases and
conducted an environmental assessment and an un-matched case-control study in
Lusenke Village which was the epicenter of the outbreak. We analyzed data using
logistic regression to identify factors associated with cholera infection.

Results: We identified 78 case-patients (34 suspected and 44 confirmed); 10 (13%)
died. Males were more affected than females (attack rate (AR)=2.4 vs 1.6/1,000).
Lusenke Village was most affected (AR=41/1,000). The outbreak began following the
funeral of the primary case in Kayonjo, an inland village on July 1, 2024. Eleven days
later, cases were reported in the distant Lusenke Village. We observed that some
village residents defecated in the open, bathed, and washed clothes along the river
banks where they collected water for drinking and domestic use. Drinking and using
unboiled/untreated river water domestically significantly increased the likelihood of
cholera infection (AOR=17, CI=3.8-78).

Conclusion: This outbreak was likely a propagated outbreak initiated at a funeral of a
suspected case whose source of infection was unknown and amplified through
contamination of river water used and drank by village members. The outbreak ended
within one week after prohibiting use of River Nile water and activities that contaminate
river water among other control measures.

Background

Cholera is an acute diarrheal disease caused by the bacterium Vibrio cholerae. It
presents with sudden onset of profuse watery diarrhea with or without abdominal
discomfort, vomiting or dehydration. The disease affects both children and adults and
can kill within hours if untreated. The case fatality rate in untreated cases may be as
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high as 30-50%; however, if well treated with rapid and sufficient rehydration, the case
fatality rate can be reduced to as low as below 1% (1).

Vibrio cholerae occurs and persists in various aquatic systems such as lakes and rivers,
and is transmitted via ingestion of contaminated water or food (2). The incubation period
is between hours and 5 days (3). Inadequate clean water and poor sanitary conditions
have been identified as the driving forces for the cholera epidemic (4,5).

The annual cholera burden is estimated to be between 1.3-4.0 million cases and
21,000-143,000 deaths globally with about 30% of the cases and 80% of the deaths
occurring in Africa (6—8). Africa saw the highest burden of cholera outbreaks on record
in 2021, with 19 countries reporting over 137,000 cases and 4,062 deaths (9). In
Uganda, cholera outbreaks have continued to occur since 1971 when the disease was
first reported (10). From 1997, cholera cases have been reported annually in Uganda,
including a major epidemic that occurred in 1998, with nearly 50,000 reported cases
(11,12). Border districts along the Democratic Republic of Congo, South Sudan, and
Kenya borders are at high risk because of cross boarder transmission (13). In addition,
areas lying along water bodies are prone to cholera outbreaks especially during rainy
seasons when the water bodies get contaminated with fecal matter due to runoffs and
flooding (14). Over 50% of the cholera cases in Uganda occur in the fishing villages
(15). Majority of these communities live under high levels of poverty, poor hygiene
conditions, and have poor access to safe water (15).

From 2015-2021, 63 cholera outbreaks were reported in Uganda, affecting 43 districts,
Kayunga District inclusive. In 2018-2019, Kayunga District was reported as one of the
cholera endemic districts in Uganda (13,16). On July 19, 2023, the Uganda Ministry of
Health (MoH) declared a cholera outbreak in Kayunga District following death of four
family members within eight days. Vibrio cholerae was cultured from two stool samples
collected from the last two people who died. We investigated the outbreak to determine
the magnitude, factors associated with cholera infection, and recommend control and
prevention measures.

Methods

Outbreak area

The outbreak occurred in Kayunga District, located in the North-central Region of
Uganda (Figure 1). The district neighbors Lake Kyoga in the North and River Nile in the
East, where there are fishing activities (17). Kayunga District has a population of
approximately 427,100 people living in nine sub-counties (17,18). Sixty four percent of
the population has access to safe drinking water (piped water, water from protected
springs, and water from deep boreholes) and the district latrine coverage is 73% (19).
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Figure 1: Location of Kayunga District in Uganda

Case definition and finding

We defined a suspected case as onset of acute watery diarrhea during June 24—August
29, 2023 in a resident of Kayunga District aged =2 years. A confirmed case was a
suspected case in which V. cholerae was isolated in stool by culture (20,21).

We interviewed health workers and reviewed records at Kayunga Regional Referral
Hospital, Busaana heath center lll, Namusaala heath center II, and five purposively-
selected private health facilities to identify confirmed and suspected cases. The
selected private health facilities were those in the epicenter subcounty or those with
high volume of patients. In the community, we interviewed leaders and village health
team (VHT) members and already identified case-patients, their caretakers and family
members to direct us to other persons who had experienced diarrhea, vomiting or
abdominal pain in the community. We then line listed the case-patients.

Descriptive epidemiology

We calculated attack rates by place (district, subcounty, and village), age (grouped age
into categories of 2-4, 5-14, 15-29, 30-59 and =60 years) and sex using the 2023
population estimates of persons aged two and above years obtained from Kayunga
district biostatistician and Uganda Bureau of Statistics (UBOS).

Environmental assessment

We assessed the disposal of human excreta in communities and inspected the sources
of water for drinking and domestic use in the most affected villages. We inspected for
any possible sources of water contamination.
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Laboratory investigations

We collected 107 stool samples from all suspected case-patients and rectal swabs from
those who died from acute watery diarrhea. The samples were tested for V. cholerae by
culture at Kayunga Regional Referral Hospital and Central Public Health Laboratory in
Kampala. We collected water samples for bacteriological culture for V. cholerae: four
samples from River Nile, two from boreholes, and two from solar pumped taps.

Eight water samples (four from River Nile, two from boreholes, two from solar pumped
taps) were collected aseptically. Water samples from River Nile were collected along
the shores where the community regularly fetched water. The samples were transported
under cold chain conditions to the laboratory for testing.

Hypothesis generation

We interviewed the first 40 case-patients (identified by active case search), their family
members, caretakers, community leaders and village health team (VHT) members. The
interviews included questions about foods consumed, drinking water, history of recent
travel, and funeral practices.

Case-control study

Because of logistical limitations, we conducted a case-control study using 25 cases (14
confirmed and 11 suspected) and 99 controls from Lusenke Village which was the most
affected village in the most affected subcounty of Busaana (Figures 2&3). All case-
patients identified in Lusenke Village by the time of the study were included in the case-
control study. We defined a control as a resident of Lusenke Village, aged =2 years with
no history of acute watery diarrhea during June 24—August 29, 2023. We listed all
households that did not have any case in the village as control households. We
systematically sampled control-households. One control-person was randomly selected
from each sampled control-household using lottery method. We administered a
standard questionnaire to both case and control-persons to obtain information on their
demographics (age, sex), clinical characteristics (date of onset, signs and symptoms,
seeking health care) and exposures (water sources, history of travel, attending funerals
and preparation of drinking water). We analyzed data using logistic regression to
generate odds ratios and 95% confidence intervals (CI) for factors associated with
cholera infection. We stopped at bivariate analysis since most of the variables had
counts less than five. However, we further conducted common reference group analysis
for factors that were significant at bivariate level to assess the differences in the odds of
infection based on combinations of the factors associated with cholera infection.

Ethics approval and consent to participate

This outbreak investigation was in response to a public health emergency and was
instituted by the Uganda Ministry of Health. This investigation was also reviewed by the
US CDC and was conducted consistent with applicable federal law and the US CDC
policy. 88See e.g., 45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C.
8552a; 44 U.S.C. 83501 et seq.

We got permission to enter the district and do the investigation from the Kayunga
District health authorities. We obtained verbal informed consent and assent from the
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adult and minor respondents accordingly. We ensured confidentiality by conducting
interviews in privacy ensuring that no one could follow proceedings of the interview.
Unique identifiers were used and raw data were kept in a password protected computer
and shared only among the investigation team.

Results

Descriptive epidemiology

There were 78 case-patients in Kayunga District (AR=20/100,000); 44 confirmed
(V.cholerae 01 Ogawa) and 34 suspected. Ten case-patients died; case fatality rate
(CFR)=13%. The median age was 24 years (IQR:15-37 years). Males were more
affected (AR =24/100,000) compared to females (AR = 16/100,000). Persons aged =15
years were most affected (Table 1).

Table 1. Attack rates of case-patients by sex and age during a cholera outbreak in
Kayunga District, Uganda, June—August, 2023.

Characteristic Frequency Population AR
(n=78) /100,000
Sex
Male 46 194,407 24
Female 32 194,681 16
Age (years)
2-4 5 50,825 10
5-14 14 141,370 10
15-29 34 102,077 33
30-59 20 77,305 26
=60 5 17,511 29

Of the nine sub-counties in Kayunga District, five were affected. Three of the affected
sub-counties lie along the River Nile; Busaana Sub-county was the most affected
(AR=109/100,000) (Figure 2).
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Figure 2: Attack rate by sub-county during a cholera outbreak in Kayunga
District, Uganda, June—August, 2023

In Busaana Sub-county, Lusenke Village (lies upstream along River Nile) was the most
affected (AR=4.0%). It registered cases before the downstream villages of Bukomba,
Kakooge and Bujwaya. In these villages, cases were clustered around water collection
points along the River Nile (Figure 3).
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Figure 3: Clustering of cases around water collection points along River Nile
during a cholera outbreak in Kayunga District, Uganda, June—-August, 2023

The “primary” case-patient presented with acute watery diarrhea on June 29, 2023 and
the diarrhea was described as colorless (not rice-water) by caretakers. She was
admitted in hospital six hours later and treated with intravenous rehydration. She died
on June 30, 2023 about 10 hours following admission. The cause of death was
described as respiratory failure in hospital. Her body was washed according to her
culture and religious beliefs before being buried on July 1, 2023 in Kayonjo Village.
Two days after the funeral, the deceased’s two brothers and a neighbor who had all
attended the funeral developed acute watery diarrhea. They were admitted and treated
in hospital and they both recovered. Three days after the funeral, another brother and a
cousin to the “primary” case-patient who had also attended the funeral developed acute
watery diarrhea. The brother died and the cousin recovered. Five days after the first
funeral, the “primary” case’s father and another cousin who had also attended the
funeral developed acute watery diarrhea and both died on July 7, 2023 at home.
Following these two deaths, cholera was suspected; two rectal swabs were picked on
July 7 from the deceased. Twelve days later, V. cholerae 01 Ogawa was confirmed by
culture.

On July 19, cases started occurring in distant villages mainly Lusenke Village. During
active case search, we found that two case-patients in Lusenke Village (a mother and
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her child) had their dates of onset on July 4, 2023, but we did not find them to have any
link with Kayonjo Village (Figure 4). The mother and the child reported to have
defecated along River Nile shore when they developed acute watery diarrhea. They
also reported to have washed their clothes soiled with fecal matter along River shores
before crossing to the neighboring district by boat to seek treatment. None of the case-
patients in Lusenke Village admitted to have attended the funerals in Kayonjo Village,
and neither of the cases in Kayonjo Village was reported/ reported to have travelled or
come in contact with anyone in Lusenke Village.
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Figure 4: Distribution of cases over time during the cholera outbreak in Kayunga
District, Uganda, June—August, 2023

Hypothesis generation findings

Sixty-eight percent of the case-patients had used water from River Nile and 23% had
attended a funeral within 5 days prior to onset of symptoms. We hypothesized that,
using contaminated water from River Nile while or attending a funeral was associated
with cholera transmission.

Environmental findings

Lusenke Village is a low-lying village and had experienced episodes of flooding during
the June—August 2023. According to VHT reports, latrine coverage in Lusenke Village
was 38%. We found feces along the river banks in Lusenke Village; some case-patients
and caretakers reported defecating in the river while fishing. We also found villagers
washing clothes along the river banks where they also fetch water. Some of the case-
patients and their care takers reported to have washed clothes soiled with fecal matter
at the river banks.
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Laboratory findings
No V. cholerae or coliforms were isolated from the water samples tested.

Case-control study findings

Eighty-eight percent (22/25) of case-patients compared to 53% (52/98) of controls used
water from River Nile for domestic purposes (COR=6.5, Cl 1.8-23). In addition, 36%
(9/25) of case-patients compared to 9% (9/99) of controls drank water from River Nile
(COR=5.6, 95%CI 1.9-16). All case-patients who drank River Nile water also used it for
domestic purposes (Table 2). All persons who drunk or used water from River Nile did
not boil or treat it.

Table 2: Risk factors associated with cholera transmission in Lusenke Village
during the cholera outbreak in Kayunga District, Uganda, June-August, 2023

Exposure Cases (%) Controls (%) COR  95%CI
(n) (n)

Used River Nile water for domestic purpose

No 3 (12) 46 (47) Ref

Yes 22 (88) 52 (53) 6.5 1.8-23
Drank water from River Nile

No 16 (64) 90 (91) Ref

Yes 9 (36) 9 (9 56 1.9-16
Used borehole water for domestic purposes

No 17 (68) 48 (48) Ref

Yes 8 (32) 51 (52) 04 0.2-1.1
Drank borehole water

No 4 (16) 16 (16) Ref

Yes 21 (84) 83 (84) 1.0 0.3-3.3
Attended a funeral

No 12 (48) 53 (46) Ref

Yes 13 (52) 46 (54) 09 0423
Ate something at the funeral

No 6 (46) 27 (51) Ref

Yes 7 (54) 26 (49) 1.2 04-4.1
Drank anything at the funeral

No 7 (54) 36 (68) Ref

Yes 6 (46) 17 (32) 1.8 0.5-6.2
Touched the dead body

No 9 (69) 44 (85) Ref

Yes 4 (31) 8 (15) 24 0.6-9.9

Upon using common reference group analysis, 36% (9/25) of case-persons and 8%
(8/99) of controls drank and used River Nile water for domestic purposes (AOR=17, CI
3.8-77) compared to those who never drank or used River Nile water (Table 3).
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Table 3: Adjusted odds ratios for domestic use or drinking of water from River
Nile in Lusenke Village during the cholera outbreak in Kayunga District, Uganda,
June-August, 2023

Drank Domestic use
water from of water from Cases Controls
River Nile River Nile (n) (%) (n) (%) AOR 95% CI
No No 3 (12) 46 (46) Ref
Yes No 0 (0) 1 (1) NA NA
No Yes 13 (52) 44 (44) 45 1.2-17
Yes Yes 9 (36) 8 (8) 17 3.8-78
Discussion

The cholera outbreak in Kayunga District started in June and lasted two months. It was
a propagated outbreak, caused by V. cholerae serotype 01 Ogawa, the major causative
agent of previous cholera outbreaks in Uganda (22). The outbreak was initiated at a
funeral of a suspected case whose source of infection was unknown, and amplified
through contamination of river water used and drank by community members. Cases
first occurred in the upstream villages before sequentially occurring in the downstream
villages following the direction of flow of River Nile water. Lusenke Village which was
most affected had low latrine coverage (38%) compared to the district average latrine
coverage (about 70%) (17). In addition, there was defecation along River Nile banks.

The outbreak started in Kayonjo Village (an inland village) following a funeral of the
“‘primary” case-patient. Relatives and neighbors developed symptoms of cholera days
later. We were unable to ascertain how the primary case got cholera and how it spread
among the relatives and neighbors. However, funerals have previously been found to be
points of clusters of cholera transmission especially where individuals who wash the
corpse also participate in food preparation without thoroughly washing hands (23-25).
This might have been the source of infection among the funeral attendees.

From Kayonjo Village, the outbreak spread to other villages along the River Nile
including: Lusenke, Bukomba, Kakooge and Bujwaya villages with some spillovers to
other inland villages. The village being low-lying, makes it prone to flooding and river
water contamination during heavy rains. Heavy rains, flooding and proximity to lakes
and rivers have been identified by as the risk factors for cholera outbreaks in Uganda
and Africa (13,14). These findings suggest that contaminated river water could have
propagated the outbreak from Lusenke Village to downstream villages. Cases had 17
times odds of drinking and using unboiled/untreated river water for domestic purposes
compared to controls. These findings further corroborate reports that V. cholerae is
known to persist and thrive in river water for almost two years and can later enter the
human body through consumption of contaminated water (2,26,27) (14). Prohibiting
practices like washing and swimming in the river, enforcing latrine construction and
discouraging people from drinking unboiled/ untreated river water could have largely
contributed to the end of this outbreak.

10
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The high CFR (13%) registered in this outbreak compared to the average of 2-4%
reported from other outbreaks in Uganda (28) could be explained by poor health
seeking behavior among case-patients as evidenced by the case-patients who died at
home. With timely rehydration, the cholera CFR can be less than 1% (29). In addition,
there was delay in suspicion and detection of cholera. Initial case-patients were
reported to have presented with normal color diarrhea contrary to the usually expected
whitish (rice-water) diarrhea. This could have led to the clinicians not suspecting cholera
quickly. The outbreak was not suspected until four cases-patients had died. Further, it
took 12 days to receive the stool culture results and confirm the outbreak. This delay in
suspicion and confirmation could have led to delay in instituting timely and appropriate
treatment and control measures.

Study limitations

We were not able to identify how the “primary” case acquired the infection to prevent
similar future outbreaks and specifically how the infection reached Lusenke Village from
Kayonjo Village which is far apart. However, it is likely that the outbreak might have
been spread through population movement, open defecation, and flooding.

Conclusion

This outbreak started as a point source following a funeral in Kayonjo Village. It later
spread to other villages where it was propagated and amplified by domestic use and
drinking contaminated River Nile water. The water was likely contaminated by
introduction of feces into the river by practices like open defecation and washing soiled
clothes along the river. The outbreak lasted for two months and ended within one week
following temporary prohibition of use of River Nile water and activities that contaminate
river water. To prevent future similar outbreaks, community sensitization against
drinking and domestically using untreated/ unboiled river water and enforcement of
latrine construction should be sustained by the Kayunga District health department.

Public health actions

We instituted control measures for the outbreak, including: community and health
worker sensitization, setting up a cholera treatment unit near the epicenter, distribution
of hand washing facilities, water chlorinating tablets, and prophylactic antibiotics to
affected communities.
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