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Botulism is a severe neuroparalytic disease caused by neurotoxins produced 
by certain members of the anaerobic Gram-positive spore-forming bacteria 
Clostridium. Less documentation is available regarding botulism outbreaks 
in natural environments within subtropical and tropical climate zones. In 
the village of Kpo-Kahankro, in the Bouaké-sud district of Côte d'Ivoire, an 
unusual phenomenon caused 22 deaths.  The phenomenon occurred in two 
separate episodes, the first in December 2022 and the second in January 
2023. Epidemiological investigations were carried out to identify the source 
and stop the phenomenon. The unusual circumstances and the management 
of this rare epidemic phenomenon merit the sharing of experiences. The aim 
of our approach was to contain the phenomenon by taking preventive 
measures. The investigation consisted of questioning patients and their 
relatives about the circumstances in which the phenomenon occurred. We 
then counted the cases on the basis of the signs presented by the first 
patients. An investigation form was used for this purpose. In addition, after 
data analysis, the suspected sources were collected and sampled for 
biological and toxicological investigation. These sources were sampled in a 
clean jar and then sent to the National Public Health Laboratory (LNSP) and 
the Pasteur Institute of Côte d'Ivoire for toxicological and microbiological 
tests. The two episodes involved 78 cases, 22 of which died, giving a case-
fatality ratio of 28.2%. Symptoms were characterized by vomiting (59.0%), 
diarrhea (30.8%) and abdominal pain (30.8%). For both episodes, 20 cases 
out of 44 (45.5%) lived on the same islet where the fetish was installed. 
Toxicological analyses conducted on the liquid within the fetish yielded 
negative results, whereas microbiological assessments identified the 
presence of Clostridium botulinum.  The destruction of the fetish and the 
disinfection of its location on January 23, 2023, followed by the disinfection 
utilizing chlorinated water applied to all residential and public areas within 
the village, resulted in the absence of any newly recorded cases. The 
management of this atypical phenomenon in Kpokahankro highlights the 
need to follow only the results of epidemiological investigation when 
investigating the causes of a public health event and making decisions. 
 
Keywords:Bouaké,Epidemiology,Côted'Ivoire.investigation,Clostridium botuilinum

 
INTRODUCTION  
 
Botulism is a severe neuroparalytic disease caused by 
neurotoxins produced by certain members of the anaerobic 
Gram-positive spore-forming bacteria Clostridium 

(Lafuente et al., 2013) ; (CDC., 1998). There are seven 
botulinum neurotoxins,A–G, that are distinguished 
according  to  their    antigenic    properties  (Lafuente et  al., 



Int. Res. J. Public Environ. Health          31 
 
 
 
2013) (Hill et al., 2007) .  

Clostridium botulinum is ubiquitously present in the 
environment, manifesting in soils, dust, as well as in the 
marine and freshwater sediments within wetlands, 
rivers,and lakes (Espelund et al., 2014) . In Australia, the 
serotypes A, B, and D have been detected, either identified 
from cases of botulism or in soil. In the tropical region of 
Indonesian waters, botulinum toxin serotypes A, B, C, D, 
and F were detected, but not serotype E (Espelund et al., 
2014). In the tropical Indian subcontinent, serotypes C and 
D have been identified as the predominant serotypes within 
fish and aquatic environments (Espelund et al., 2014) , 
while serotype E has not been detected (Espelund et al., 
2014) . Less documentation is available regarding botulism 
outbreaks in natural environments within subtropical and 
tropical climate zones. On the African continent, C. 
botulinum has been detected in the soils of Zambia and 
Kenya, with identification of serotypes A to D (Espelund et 
al., 2014).  

In humans, botulism usually arrises either from the 
consumption of preformed toxin in food or the in vivo 
elaboration of toxin from infected wounds or intestinal 
colonization. Foodborne outbreaks, especially those 
associated with commercially prepared food products, are 
considered a public health emergency due to the severity of 
the illness and the potential for a large number of cases 
(Lafuente et al., 2013). Toxin production can occur in 
contaminated food under anaerobic, low-salt, low sugar, 
and low-acid conditions (Lafuente et al., 2013).  

Classically, the clinical syndrome of human botulism is 
characterized by an acute, afebrile, symmetric descending 
flaccid paralysis (Lonati et al., 2020). From the clinical 
perspective, this severe intoxication represents an 
emergency for which is required a prompt diagnosis and an 
early identification of sources (Lonati et al., 2020). 

The World Health Organization has reported an 
estimated 475 cases of foodborne botulism occur in 
Canada, Europe, and the United States each year (Harris et 
al., 2020) ; (Kirk et al., 2015). These cases lead to extended 
physical disability in the majority of cases and fatality in 
15% of cases (Harris et al., 2020) ; (Kirk et al., 2015). 
Globally, the most common form of botulism is foodborne 
botulism; however, in some countries such as the United 
States, infant botulism is the most common form of 
botulism with more than 100 recognized cases annually 
(Harris et al., 2020) . 

In Côte d'Ivoire, Clostridium botulinum poisoning 
occurred in two separate episodes in the village of Kpo-
Kahankro, situated in the Bouaké-sud district. 
Epidemiological investigations were undertaken to 
ascertain the origin and mitigate the occurrence. The aim 
was to confirm and describe the phenomenon, and then 
launch a response. The exceptional nature of this epidemic 
and the handling of this uncommon phenomenon warrant 
the dissemination of experiences. 
 
 
METHODOLOGY 
 
The  identification   of   cases  commenced   based    on     the 

 
 
 
 
clinical signs observed by the initial patients, utilizing a 
designed investigation form for this purpose. The living 
quarters of the cases were geographically pinpointed. The 
collected data were entered and analyzed  using microsoft 
Excel worksheet. During both episodes, we reviewed the 
patients' medical records to collect the clinical signs 
presented. Furthermore, we systematically collected 
biological samples from patients, including blood, urine, 
stool and cerebrospinal fluid for toxicological and biological 
analysis. In addition, sources suspected following data 
analysis were obtained for biological and toxicological 
analysis. These sources were collected in a clean jar and 
sent to the National Public Health Laboratory (LNSP) and 
the Pasteur Institute of Côte d'Ivoire for toxicological and 
microbiological tests. 
 
 
RESULTS  
 
The phenomenon occurred in two separate episodes:  
 
Phenomena in episode-1 
 
On the night of Friday, December 02, 2022, the nurse at the 
health center near the village of Kpo-Kahankro received 11 
patients from the village, including 3 children, all exhibiting 
symptoms of convulsions and vomiting. On Saturday, 
December 03, 2022 at around 06:30, the nurse reported to 
the Bouaké Sud Health Department of the death of three 
individuals, including 1 child. This was followed by 
reporting of other cases (09) and deaths (03). This situation 
unfolded against the backdrop of a funeral and a vitamin A 
supplementation campaign in the village, both coinciding 
on the day of the funeral (December 2, 2022). The first 
cases occurred on the same day. Vitamin A was 
administered to 18 out of the 20 children exhibiting 
symptoms of the disease. This vitamin A supplementation 
campaign also simultaneously occurred in 40 other health 
districts in Côte d'Ivoire. There was also evidence of 
previous use of herbicides in the village for over a month. It 
was therefore suspected that the vitamin A distributed to 
the children had been cross-contaminated by a toxin-
producing germ or by a toxic agent (herbicides), given the 
abrupt onset of the phenomenon and the clinical signs. This 
episode resulted in 06 deaths. Biological samples collected 
from patients, as well as the rest of the vitamin A, were 
returned without any further investigation. The autopsy on 
one of the bodies yielded no particular findings.  
 
Phenomena in episode-2 
 
On January 19, 2023, the same phenomenon reoccured in 
the village, resulting in six community deaths on the same 
day. This time, the investigation revealed the notion of 
collective worship involving a fetish in a concession on 
January 19, 2023. Villagers reportedly noticed that each 
time this fetish was worshipped, the phenomenon 
occurred, and this was the second time for such workship. 
Retrospective questioning revealed that the funeral in the 
first   episode   was   for    a   woman  over  60,  living  in   the  
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Table 1. Distribution of cases by age, Kpo-kahankro, Bouaké, December 2022 to January 2023 

 

  1st episode (n=20) 2nd episode (n=58) Total   

Age groups Alive Deaths Alive Deaths Alive Deaths Lethality (%) 

1-15 years 14 6 30 12 44 18 40.9 

16-19 years 0 0 1 0 1 0 0 

20-30 years 0 0 4 0 4 0 0 

31-50 years 0 0 1 0 1 0 0 

Over 50 years 0 0 6 4 6 4 66,7 

Total 14 6 42 16 56 22 28.2 

 
 

Table 2. Distribution of cases by sex, Kpo-kahankro, Bouaké, January 2023 
 

Gender 
1st episode(n=20) 2nd episode(n=58) Total 

Case Case Case % 

Male 11 23 34 43.6 
Female 9 35 44 56.4 

Total 20 58 78 100 
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Figure 1A : Daily trend in cases, Kpo-kahankro, 
December 2022 to January 2023  
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Figure 1B: Weekly trend in cases, Kpo-kahankro, 
December 2022 to January 2023 

 
 
 
courtyard where the fetish had initially been worshipped. 
She was reported to have fallen ill after worshipping the 
fetish, and subsequently passed away. The funeral occured 
in the concession where the fetish is implanted, and it was 
at this funeral, in this courtyard, that the first episode 
occurred. The second adoration of the fetish would have 
taken place on January 19, 2023, which was the same day of 
the beginning of the second episode of the phenomenon, 
just a few hours after the adoration. In light of the 
additional information obtained during the investigation of 
this second episode, in particular the occurrence of the 
phenomenon and its recurrence in a context of fetish 
worship, we combined the investigative data from the two 
episodes for analysis. 

Analysis  of  the  collected  data revealed  that during   the 
two episodes of the phenomenon, a total of 78 cases were 
reported, including 22 deaths, yielding a case-fatality rate 

of 28.2%. The first episode recorded 20 cases including 6 
deaths, equating to a case-fatality rate of 30%. In the 
second episode, there were 58 cases including 16 deaths, 
with a case-fatality rate of 27.58%.  Across the 1-15 and 
50+ age groups, 62 and 10 cases were respectively 
recorded. Notably, case-fatality rates were 40.9% for 
individuals aged 1-15 years and 66.7% for those aged 50 
and over (Table 1). Females accounted for 56.4% of cases 
(Table 2). 

The first episode of the phenomenon lasted 05 days, from 
December 02 to 06, 2022, corresponding to week 48 of the 
year 2022. The second episode lasted 11 days, from January 
18 to 28, 2023, corresponding to weeks 4 and 5 of 2023. 
The interval between the two episodes was 06 weeks 
(Figures 1A and 1B). 

The symptomatology was mainly characterized by 
vomiting    (59.0%),     fever    (35.9%),   diarrhea    (30.8 %),  
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Table 3. Breakdown of cases by presenting signs, Kpo-kahankro, Bouaké, January 2023 

 

  1st episod (n=20) 2nd episod (n=58) Total  

Signs Number Number Number %  

Vomitings 14 32 46 59.0  

Fever 9 19 28 35.9  

Diarrhoea 7 17 24 30.8  

Stomack pain 0 24 24 30.8  

Adynamia 4 18 22 28.2  

Convulsions 3 16 19 24.4  

Nausea 0 11 11 14.1  

Coma  0 10 10 12.8  

Sweart 1 9 10 12.8  

Anorexia 0 10 10 12.8  

Headaches 0 9 9 11.5  

Cough 2 3 5 6.4  

Hypersialorrhea 1 0 1 1.3  

 
 
 

 
 

Figure 2: Spatial distribution of cases, Kpo-kahankro, December 2022 - January 2023   

 
 
 
abdominal pain (30.8%), adynamia (28.2%), convulsions 
(24.4%), nausea (14.1%), coma (12.8%), sweating (12.8%) 
and anorexia (12.8%) (Table 3). 

The geographical distribution of the dwellings revealed 
that, during both episodes, 21 out of 44 cases (47.73%) 
lived on the same islet (islet where the fetish was installed) 
among more than a dozen islets in the entire village (Figure 
2). 

Among the 19 patients living on the island where the 
fetish was implanted, 08 died, giving a mortality rate of 
38.1%. In contrast, for all the remaining blocks 
(approximately 10 blocks), the 11 remaining deaths 

accounted for a mortality rate of 57.9%, or 5.8% per block 
(Table 4). 
 
 
DISCUSSION  
 
The results of our investigation into this phenomenon show 
that fetish worship preceded the first death, subsequently 
leading to the first episode at the funeral in the courtyard 
where the fetish is located. The phenomenon recurred after 
a new adoration of the fetish in question. This observation 
temporal   relationship  of   fetish    worship   preceding   the  
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Table 4. Breakdown of cases by housing block, Kpo-kahankro, Bouaké, From December 2022 to January 2023 (n=44) 
 

Locations Cases Deaths 
n % %/block n % %/block 

Block with fetish 21 47.7 47.7 8 42.1 42.1 
Other blocks (10 blocks) 23 52.3 5.2 11 57.9 5.8 
Total  44 100.0  19 100.0  

 

 

 
occurrence of the phenomenon, highlights that the 
causative agent is the fetish (Ancelle, 2015). The 
geographical distribution of cases concentrated around the 
fetish further supports this hypothesis (Figure 2). The 
fatality rates associated with the phenomenon during these 
two episodes are similar, at 30% and 27.58% respectively. 
This would appear to be the same disease, confirmed by 
identical symptomatology during both episodes (Table III). 
The phenomenon was identical during the two episodes, 
marked by a sudden, abrupt onset and a brief evolution 
with respective durations of 05 days and 11 days (Figures 
1A and 1B). In addition, the epidemic curves for the two 
episodes suggested a collective, one-off exposure (Figures 
1A & 1B), in particular exposure to a toxin or a short-
incubation germ, or even a short-incubation germ 
producing a toxin. The age groups most affected were those 
of extreme ages, notably children aged 1-15 and the elderly, 
including those aged 50 and over. Deaths occurred only in 
these two populations (Table 1), demonstrating the 
vulnerability of subjects of extreme ages to the disease. This 
vulnerability could be linked to the fragility of immunity at 
these age brackets. 

Based on these descriptive results, we have made the 
following assumptions : 

The suspected source of contamination for both episodes 
was the fetish; the suspected mode of contamination in the 
first episode was oral, whereas in the second it was 
unknown; the suspected vehicle for contamination was 
vitamin A in the first episode, while it was unknown in the 
second. 

To elucidate those hypotheses, we collected samples from 
the fetish and investigated its mode of worship in order to 
understand how the patients were contaminated. As a 
result, questioning of the fetishist revealed a fetish made 
from earth (clay) in the form of a termite mound with a 
perforation. This opening had been filled with plantain, 
yam, and tarot combined with the blood of unidentified 
animals. The entire structure is covered by a lid. The first 
adoration of the fetish occurred around 4 months after its 
creation, which allowed the contents of the fetish to putrefy 
and subsequently transition into a liquid state. This 
transformation of the contents into liquid form could 
constitute a culture medium for anaerobic soil-borne 
germs, since it is made of soil and covered by a lid. The 
fetish would be worshipped in the presence of other people 
and would consist of immolating chickens. Moreover, 
sprinkling the fetish with the blood of these chickens while 
handling the contents of the fetish in putrefaction, thus 
leading to the possibility of contamination by aerosol or by 
hand cantact. The chicken carcasses would then be handed  

 
over to the children for plucking and then to the women 
who would cook them. Those who in attendance at the 
ceremony would consume the meal afterwards, allowing 
for potential transmission both orally and by hand. 
Toxicological tests on the liquid within the fetish yielded 
negative results, while microbiological tests revealed the 
presence of Clostridium botulinum. These results led us to 
suspect the fetish as an ecological niche, a source of 
contamination harbouring Clostridium botulinum, in the 
absence of any biological evidence in the cases. There are 
several ways in which subjects could have been 
contaminated. For example, direct or indirect 
contamination of vitamin A may occurred by dirty hands 
during distribution in the home where the fetish is located. 
Additionally, subjects may be contaminated through 
aerosol exposure during fetish worship. 

As a matter of fact, human botulism can occur in different 
forms ; foodborne botulism caused by the ingestion of food 
contaminated with bacterial toxins, wound botulism caused 
by Cl. botulinum colonization of a wound and the 
production of toxins within the wound (Chaidoutis et al., 
2022) ; (Sobel., 2005), and inhalation botulism caused by 
toxin inhalation in the  aerosol form (Chaidoutis et al., 
2022). Botulinum toxin poisoning has a high mortality rate 
of 14.25%, possibly related to the inability to diagnose 
correctly in time (Li et al., 2022) ; (Rasetti-Escargueil et al., 
2020). In our study, we  recorded a high case-fatality rate, 
perhaps related to clinicians' lack of awareness of the 
disease, as found in other studies (Li et al., 2022) . The 
people who die from botulinum toxin are of extreme age 
(Lúquez et al.,2021), aligning with our study's 
demographics. In response to the results of our 
epidemiological investigation, we proceeded to destroy the 
fetish and disinfect both the affected dwelling and all the 
houses in the village. These public health measures enabled 
us to bring the phenomenon to a definitive halt, thus 
confirming the fetish as the source of the phenomenon. 
Indeed, in the absence of biological plausibility, such as the 
identification of botulinum toxin in biological samples 
taken from patients, we have nonetheless undertaken 
public health actions to control the phenomenon. 

 Similar to the cholera epidemic in London in 1854, the 
results of the epidemiological investigation enabled John 
Snow to take public health action to stop the phenomenon 
in the absence of evidence of Vibrio cholerae (Aschengrau 
et al., 2008).  

Lessons learned from this phenomenon include the 
following: 

Conduct epidemiological investigations during an 
epidemic episode    without   apriori,  even   if   there    is    a  
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suspicion of a "metaphysical" cause for the phenomenon; 
rely only the results of the descriptive phase of 
epidemiological investigations to formulate hypotheses 
about the causes of a phenomenon ; not to lose sight of the 
main objectives of an epidemiological investigation, i.e. to 
stop the phenomenon and prevent recurrences; then,  
implement precautionary measures to control the 
phenomenon before the cause is formally identified 

Limitations of the investigation : 
- Our epidemiological investigation had the 

following limitations : 
- Failure to carry out microbiological examinations 

of patient samples for the presence of Clostridium 
botulinum in order to formally establish biological 
plausibility. 

- No analytical study, whether case-control or 
retrospective cohort, was conducted due to the urgency of 
the phenomenon, given its acute and highly lethal nature. 

The advantage of epidemiological investigation lies in its 
high effectiveness in detecting the aetiological factor(s) of 
any health phenomenon. However, tt does not have the 
value of proof. Taking preventive measures is the ultimate 
justification for an epidemiological investigation (Ancelle., 
2015). In our case, the phenomenon in Kpokahankro 
recurred when the suspected source had not been formally 
identified. However, once the suspected source (the fetish) 
had been identified and destroyed, the phenomenon 
disappeared for good. 
 
 

Conclusion 
 

The management of this atypical phenomenon in 
Kpokahankro highlights the need to follow only the results 
of epidemiological investigation when investigating the 
causes of a public health event and making decisions. This 
epidemic serves as a reminder of the essential objectives of 
epidemiological investigation, namely, to halt the 
phenomenon and prevent recurrence, even in the absence 
of any possibility of biological plausibility in our African 
context of scarce resources. 
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