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ABSTRACT - Background: Foodborne botulism is a rare but potentially serious and lethal disease that is considered
a threat to public health systems across the globe. Botulism is a paralytic disorder caused by the neurotoxin, produced by
Clostridium botulinum, which acts upon peripheral cholinergic nerve terminals by inhibiting acetylcholine release, subse-
guently causing denervation to muscle fibers.

Case Series: In April 2024, an outbreak of foodborne botulism was reported in Riyadh, Saudi Arabia, following con-
sumption of contaminated fast food. Four patients were affected: two females and two males, aged 14 to 21 years. All
patients developed neurological symptoms, including cranial nerve involvement, dysphagia, and generalized weakness.
Three patients progressed to severe hypercapnic respiratory failure requiring prolonged mechanical ventilation. Electro-
physiological studies demonstrated characteristic findings of presynaptic neuromuscular junction dysfunction.

Conclusions: This case series adds to existing knowledge by providing detailed descriptions of the clinical course, neu-
rological examination findings, and electrodiagnostic features of foodborne botulism cases in Saudi Arabia. Our findings
highlight that, despite early antitoxin administration, patients can develop prolonged neuromuscular weakness requiring
extended mechanical ventilation. This underscores the importance of considering botulism in the differential diagnosis
of acute flaccid paralysis and the need for timely electrophysiological evaluation to guide management and prognosis.
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INTRODUCTION

Foodborne botulism is a rare but potentially life-
threatening neuroparalytic condition. It remains a
significant public health concern worldwide due to
its rapid progression, potential for outbreaks, and
requirement for urgent supportive care. Botulism
results from intoxication with botulinum neuro-

®® This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License

toxins (BoNTs), which are produced by the ana-
erobic, gram-positive, spore-forming bacterium
Clostridium botulinum®>. These neurotoxins target
peripheral cholinergic nerve terminals, blocking
acetylcholine release at the neuromuscular jun-
ction and leading to reversible flaccid paralysis2.
There are several recognized forms of botulism,
including foodborne, wound, infant, iatrogenic,


https://creativecommons.org/licenses/by-nc-sa/4.0/

* 417 CLINICALAND ELECTROPHYSIOLOGICAL FEATURES OF FOODBORNE BOTULISM: A RETROSPECTIVE CASE SERIES’

Q OBJECTIVE

€ Foodborne botulism is a rare
paralytic disease caused by
a neurotoxin from Clostridium botulinum.
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and adult intestinal toxemia botulism, with fo-
odborne botulism accounting for most outbreak-
associated cases®®. Foodborne botulism typically
arises from ingestion of improperly processed,
canned, or fermented foods that create an ana-
erobic environment favorable for spore germina-
tion and toxin production®*. Risk factors include
low salt, low-acid environments, absence of pre-
servatives, and inadequate thermal processing®’.
C. botulinum growth can be inhibited by refrige-
ration below 4°C, heating above 121°C, low water
activity, or acidity below pH 4.58.

Clinically, foodborne botulism is characterized
by the acute onset of bilateral cranial nerve pal-
sies, followed by symmetric descending flaccid
paralysis, which can lead to respiratory failure
and autonomic dysfunction if not promptly trea-
ted®”. Gastrointestinal symptoms, such as nausea,
vomiting, and abdominal cramps may precede
neurological manifestations, often causing delays
in diagnosis?.

Although the administration of botulinum anti-
toxin remains the mainstay of treatment, its effi-
cacy is limited to neutralizing circulating toxin and
does not reverse established neurotoxicity. There-
fore, early clinical suspicion and supportive care,
including mechanical ventilation and monitoring
for autonomic instability, are essential'®. Emerging
therapeutic options, such as plasmapheresis, have
been discussed in isolated case reports and small
series, with some suggesting potential benefit in

severe or refractory presentations, although ro-
bust evidence is lacking*13,

Given the clinical and public health relevance
of such outbreaks, this study aimed to describe
the clinical presentation, disease progression,
and electrophysiological findings in four patients
affected by a foodborne botulism outbreak in
Riyadh, Saudi Arabia, in April 2024. The objecti-
ve is to contribute to the existing literature and
inform diagnostic and management strategies in
future suspected botulism cases.

CASE PRESENTATION

This retrospective case series study collected
data from the medical record of the patients who
visited King Saud University Medical City in Riyadh,
Saudi Arabia from April 21% to April 24*" 2024, The-
re were a total of four patients, and detail such as
meal ingestion time, onset of symptoms, vital si-
gns, initial neurological exam findings and specific
lab results [C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and creatine kinase (CK)]
were recorded, as shown in Table I.

The study was approved by the Institutional
Review Board of King Saud University (Ref. No.
E-24-8822; approval date: 13 June 2024). As a re-
trospective study involving the review of medical
records, all data were fully anonymized prior to
analysis. Data collection for this study commen-



ced only after obtaining full approval from the
IRB. The IRB waived the requirement for informed
consent in accordance with institutional and na-
tional guidelines for research involving minimal
risk and de-identified data.

Initial nerve conduction studies were con-
ducted after a clinical diagnosis of botulism was
made. These studies were performed by two in-
vestigators (HMA and RMA) who were involved
in the study. Compound muscle action potentials
were recorded following distal stimulation of ul-
nar, median, and tibial nerves at specific muscle
locations. Peroneal compound muscle action
potentials were also recorded. The spinal acces-
sory nerve was stimulated when possible. Post-
activation CMAP amplitudes were measured to
calculate the percentage increment. Slow repe-
titive nerve stimulation (RNS) was performed to
assess decremental response, with a positive re-
sponse defined as more than 10%. Fast (50 Hz)
RNS was not conducted due to a lack of sedation.
All motor studies used a supramaximal stimulus
(pulse duration 0.1ms), with proper skin tempe-
rature maintained at 233°C. The Natus Keypoint
electromyography (EMG) machine was utilized for
these studies.

Patient 1

Patient 1 was a 21-year-old female who pre-
sented two days after exposure with diplopia and

ptosis, without gastrointestinal symptoms (Table
[). Neurological examination revealed dyspho-
nia, dysphagia, dyspnea, orthopnea, proximal up-
per extremity weakness, and signs of autonomic
dysfunction (Supplementary Table I). Deep tendon
reflexes were preserved in the lower limbs but di-
minished in the upper limbs. Sensory testing was
intact, and no cranial nerve palsies were noted.

Follow-up neurological examinations on days
6-9 demonstrated preserved ocular motility, in-
tact motor strength, and normalization of most
reflexes (Table II). Mechanical ventilation was not
required. Her extraocular movements were regu-
lar, and ptosis was absent on examination. She did
not receive adjunctive therapies such as intrave-
nous immunoglobulin (IVIG) or plasmapheresis.
Botulinum antitoxin was administered on day 4
post-exposure (Table IlI).

Initial electrodiagnostic studies performed on
days 9-11 showed normal sensory responses, a
modest CMAP increment post-exercise (APB 32%;
ADM 12%), and no decrement with 3Hz repetiti-
ve nerve stimulation (Table 1V). Follow-up studies
on days 16-19 revealed stable findings with conti-
nued clinical improvement (Table V).

Patient 2

Patient 2, a 14-year-old female and the sibling of
patient 1, presented 22 hours after exposure with
progressive oculobulbar weakness, including ptosis

Table I. Clinical features and laboratory findings for each patient diagnosed with foodborne botulism, including

demographic data, presenting symptoms, neurological signs, vital signs, and relevant laboratory results at presentation.

(Variable Patient 1 Patient 2 Patient 3 Patient 4 ]
Age/Sex 21F 14F 19M 19M
Exposure to onset (days) | 2 <1 1 2
Gl symptoms None None None Vomiting
Key neurological Diplopia, ptosis, dys- | Ptosis, oculobulbar | Diplopia, ptosis, dys- | Ptosis, ophthalmoplegia,

symptoms phagia, dyspnea, | weakness, dyspha- | phagia, dysarthria, gen- | dysphagia,  dysphonia,
proximal UE weak- | gia, dyspnea, auto- | eralized weakness respiratory failure
ness, autonomic dys- | nomic instability
function

Mechanical ventilation NA 25 64 24

(hours post-onset)

Reflexes UE {, LE normal UE absent, LE Normal Normal

normal

Botulinum toxin Positive Positive Positive NA

CRP (mg/L) 62 18.9 NA 1.6

ESR (mm/hr) 62.1 2 NA 5

CK (U/L) 47 45 30 417

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, CK: creatine kinase. UE: Upper Extremity, LE: Lower Extremity,

Gl: Gastrointestinal.
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Table Il. Follow-up neurological examination findings for all four patients conducted between days 6 and 9 after the onset of

neurological symptoms, including assessments of cranial nerve function, muscle strength, and reflexes.

CASE SERIES'

( Patient ]

1 2 3 4

Pupils 3 mm, ERL 3 mm, ERL 3 mm, ERL f’er;cr;g:‘]"t‘gg”igzt

Ocular Motility Estimated Range of Motion

Up gaze I{I(())Olz/:nitations 20% bilaterally | 70% bilaterally ﬁﬂ:ﬁcerally

Down gaze I{I(()Joll;/snitations 30% bilaterally | 60% bilaterally Z)ﬁ;/ierally

Abduction il%oll;/:nitations 40% bilaterally | 80% bilaterally tS)?I;/;erally

9 o o

Adduction l{lgoli/;itations l{loooli/:nitations 80% bilaterally g?la/;erally

Asymmetry in EOM limitations NA Yes Yes Yes

Ptosis None Partial bilateral | Complete bilateral | Complete bilateral

Fatigability in ptosis and/or ophthalmoplegia NA Yes Yes Yes

Facial sensation Intact Intact Intact Intact

Facial weakness None Yes Yes Yes

Trapezius 5 3- 4

Neck flexion 4 1 4 1

Neck extension 5 1 4 4-

Deltoid (right/left) 4- 2 2/3 1

Elbow flexion (right/left) 5 3 4+ 4/3

Elbow extension (right/left) 4+ 3 4+/4

Wrist flexion 5 3 4

Wrist extension 4- 4 3

Finger flexion (FDS, FDP) 4+ 4- 4+ 4+

Finger extension 3 2 3

APB 3 3 4 4

Hip flexion (right/left) 3 2 4/4+ 2

Hip extension (right/left) 5 3 4 3/4

Hip adduction 5 2 4- 1

Hip abduction 5 2 4 4-

Knee flexion 5 4 4 4

Knee extension 5 3 5 4-

Ankle DF 5 3 4+ 4+

Ankle PF 5 4 4+ 5

Ankle inversion 5 4 5

Ankle eversion 5 4 5 5

EHL 4+/5 4 4 4

Asymmetry in power strength Yes No No Yes

DTR

Triceps 2/2 0/0 0/0 2/1

Biceps 0/0 0/0 0/0 0/0

Brachioradialis 1/1 0/0 0/0 0/1

Patellar 2/2 2/2 0/0 1/1

Ankle 2/2 2/2 0/0 2/2

EOM: Extraocular movements, NA: not applicable, FDS: Flexor digitorum superficialis, FDP: Flexor digitorum profundus, APB:
Abductor policis brevis, DF: Dorsiflexion, PF: Plantarflexion, EHL: Extensor hallucis longus, DTR: Deep tendon reflex. ERL: Equal
and Reactive to Light.
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Table Ill. Interval in days from exposure to contaminated food to administration of anti-botulinum toxin for each patient

included in the case series.

(Treatment Patient 1
1 2 3 4
Interval from exposure to anti-botulinum toxin, days | 4 4 5 6
Therapies received for Suspected Myasthenic Crisis or GBS
IVIG none |none none 3 sessions (0.4 g/kg per dose)
Plasmapheresis none |5 sessions |one session |none
Therapies received for botulism
Plasmapheresis none |5 sessions |none 5 sessions
3,4, DAP no no no yes
Outcomes
Presentation-to-intubation; hours NA 8 52 4
Duration of mechanical ventilation, days NA 57 32 51

IVIG: intravenous immunoglobulin, GBS: Guillain-Barré Syndrome. DAP: diaminopyridine.

and limited eye movements (Table 1). She develo-
ped dysphagia, dysphonia, and dyspnea, although
no gastrointestinal symptoms were reported.

Neurological examination revealed cranial ner-
ve involvement, reduced motor strength, particu-
larly in the neck and upper limbs, and areflexia in
the upper limbs, alongside autonomic instability
with notable fluctuations in blood pressure and
heart rate (Supplementary Table I). Deep tendon
reflexes were absent in the upper limbs but pre-
served in the lower limbs. Follow-up neurological
examinations demonstrated partial recovery of
extraocular movements and muscle strength, al-
though fatigue and ptosis persisted (Table Il). She
required mechanical ventilation within 8 hours of
presentation (Table Ill) and received botulinum
antitoxin on day 4 post-exposure, followed by five
sessions of plasmapheresis for management.

Initial electrophysiological studies showed low
baseline CMAP amplitudes with minimal post-
exercise increment (APB 16%, ADM 18%) (Table
IV). Follow-up testing revealed persistently low
CMAPs but notable improvement in tibialis ante-
rior (TA) responses, with a 67% increment (Table
V). She remained on mechanical ventilation for a
total of 57 days.

Patient 3

Patient 3 was a 19-year-old male who presen-
ted one day post-exposure with diplopia and pto-
sis (Table I). He exhibited extensive cranial nerve
dysfunction, including ophthalmoplegia, as well as

dysphagia, dysarthria, dyspnea, and generalized
muscle weakness. No gastrointestinal symptoms
were reported.

Within 52 hours of presentation, he developed
respiratory failure and required mechanical ven-
tilation (Table Ill). Initially, he was misdiagnosed
with a myasthenic crisis and received one session
of plasmapheresis before establishing the correct
diagnosis. Botulinum antitoxin was administered
on day 5 post-exposure.

Neurological examination revealed ophthal-
moplegia, facial weakness, flaccid limb weakness,
and reduced deep tendon reflexes (Supplemen-
tary Table I). Initial electrophysiological studies
demonstrated reduced CMAP amplitudes with
post-exercise increment (APB 27%; ADM 35%) and
myopathic features on EMG (Table 1V). Follow-up
studies showed persistently abnormal findings
with limited improvement (Table V). He remained
intubated for a total of 32 days.

Patient 4

Patient 4 was a 19-year-old male who presen-
ted 48 hours post-exposure with vomiting, follo-
wed by cranial nerve deficits including bilateral
ptosis, ophthalmoplegia, dysphagia, and dyspho-
nia (Table I). Follow-up examinations on days 6-9
demonstrated partial recovery of ocular move-
ments and improved muscle strength (Table II).
Within 4 hours of admission, he developed severe
autonomic dysfunction and respiratory failure,
necessitating mechanical ventilation (Table Ill).
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CASE SERIES'

Table IV. Results of initial electrodiagnostic studies, including nerve conduction studies
(NCS), electromyography (EMG), and repetitive nerve stimulation (RNS), performed
between days 9 and 11 post-onset for all patients.

(NCS parameters Patient 1

1 2 3 4

Baseline compound muscle action potential amplitudes

APB 6.5 2.5 5.2 3

ADM 8.3 2.2 6.6 4.6

Trapezius 2.5 NR 1.8 NT

TA 4 NR 2.4 1.6

AHL 12.5 4.8 7.6 2.9

EDB 5.8 1.7 6 3.6

(Percent) increment following 10 seconds isometric exercise

APB 32 16 27 17

ADM 12 18 35 2

Trapezius 4 NR 31 NT

TA 0 NR 13 0

Decremental response with 3 Hz RNS

Median No No No No

Ulnar No No No No

Peroneal (TA) No No No No

Spinal accessory No No No No

EMG findings

Deltoid Normal NA Myopathic Myopathic

FDI Normal Normal Normal Myopathic

Vastus Normal NA Myopathic Myopathic

TA Normal Myopathic Myopathic Myopathic

AHL: Abductor hallucis longus.

ADM: Abductor digitorum minimi. APB: Abductor policis

brevis. FDI: First dorsal interosseous. TA: Tibialis anterior. NR: Not recordable. NT: Not te-
sted. NA: Not applicable. EDB: Extensor digitorum brevis.

Initially, he was treated with intravenous im-
munoglobulin (IVIG) for suspected Guillain-Barré
syndrome, receiving three sessions at 0.4 g/kg,
before a diagnosis of botulism was established.
Botulinum antitoxin was administered on day 6
post-exposure, followed by five sessions of pla-
smapheresis. Neurological examination revealed
severe ophthalmoplegia and ptosis with fatigabi-
lity, diffuse proximal and distal muscle weakness,
and significant autonomic instability (Supplemen-
tary Table ).

Initial electrodiagnostic testing revealed low
CMAP amplitudes with minimal post-exercise fa-
cilitation (APB, 17%; ADM, 2%) (Table IV). Follow-
up studies showed slight improvement in CMAP

responses (Table V). He required prolonged venti-
latory support for a total of 51 days.

DISCUSSION

In the present case series, the most frequent
presenting symptoms were acute oculobulbar de-
ficits such as flaccid dysarthria, muffled dyspho-
nia, dysphagia, asymmetric ophthalmoplegia, and
ptosis, complete and bilateral in two out of three
affected patients. These findings are consistent
with prior reports, where cranial nerve involve-
ment is often the earliest and most prominent
sign*®. Proximal muscle weakness predominated
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over distal weakness, and upper limbs were more
affected than lower limbs in all cases. This distri-
bution aligns with previously reported patterns of
descending symmetric weakness’.

Notably, reduced deep tendon reflexes in the
upper extremities, with preservation in the lower
limbs, were observed in half of our patients at
presentation. Patients 3 and 4 initially had nor-
mal reflexes, which progressively diminished over
6-9 days. Such a pattern of evolving hyporeflexia,
particularly when isolated to the upper limbs, may
serve as a diagnostic clue in early or unrecognized
outbreaks. Although not specific, this feature has
also been documented in differential diagnoses
such as myasthenia gravis, Guillain-Barré Syndro-
me (GBS), and Lambert-Eaton Myasthenic Syndro-
me (LEMS)310,

All patients showed features of autonomic
dysfunction, including fluctuations in heart rate
AND BLOOD PRESSURE. AUTONOMIC INVOLVEMENT
IS a well-recognized manifestation of botulism
and may include dilated, poorly reactive pupils,
dry mouth, orthostatic hypotension, abnormal
sweating, and urinary retention!3, In a study
on botulism patients, over 70% of them exhi-

bited signs of dysautonomia, which often cor-
related with disease severity and the need for
intensive care'.

Three of the four patients in our series required
mechanical ventilation within 52 hours of presen-
tation, consistent with prior literature indicating
early and severe respiratory compromise. Respi-
ratory failure in botulism is multifactorial, stem-
ming from upper airway collapse, diaphragmatic
and intercostal muscle weakness, and impaired
autonomic regulation of breathing?>!¢. A syste-
matic review reported that nearly half of botulism
patients develop respiratory compromise within
48 hours, necessitating prolonged intubation and
ICU-level care®.

Electrophysiological studies played a crucial
role in our diagnostic workup. Findings of redu-
ced CMAPs with post-exercise facilitation were
observed, indicative of a presynaptic neuromu-
scular junction disorder. These findings are hal-
Imark features of botulism and help distinguish it
from GBS or myasthenia gravis!®?°, The classical
diagnostic criterion includes a greater than 100%
increment in CMAP amplitude following high-
frequency repetitive nerve stimulation or brief

Table V. Follow-up electro diagnostic studies: nerve conduction studies (NCS), elec-

tromyography (EMG), and repetitive nerve stimulation (RNS) (Days 16-19).

(NCS parameters Patient 1
1 2 3 4
Baseline compound muscle action potential amplitudes
APB 6 3.9 5 5.2
ADM 9.2 5.2 5.1 11.4
Trapezius 2.4 NT 1.6 NT
TA 2.7 1.68 2.1 2.2
EDB 5.2 0.9 5.5 31
(Percent) increment following 10 seconds isometric exercise
APB 10 0 14 25
ADM 14 0 6 0
Trapezius 0 0 0 0
TA 0 67 9 5
Decremental response with 3 Hz RNS
Median Yes NT No No
Ulnar No No No No
Peroneal (TA) No NT No No
Spinal accessory No NT NT No

ADM: Abductor digitorum minimi. APB: Abductor policis brevis. TA: Tibialis anterior. NT: Not
tested. EDB: EDB: Extensor digitorum brevis.
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maximal voluntary contraction*. However, more
recent studies have shown that a lower threshold
of 260% or even 225% can still provide high sen-
sitivity and specificity, especially in outbreak set-
tings*?2*. Nonetheless, caution is advised, as some
healthy individuals may exhibit similar facilitation
responses?,

Early clinical recognition remains a critical
challenge, particularly in the absence of a known
outbreak. In our series, patients 3 and 4 were
initially misdiagnosed and treated as myasthe-
nia gravis and GBS, respectively. A high index of
suspicion is necessary when encountering acute
cranial neuropathies with descending paralysis.
The presentation of two siblings (patients 1 and 2)
ultimately raised concern for foodborne botulism,
prompting immediate public health reporting and
therapeutic intervention.

Clustering of similar neurological symptoms
among individuals who share a common expo-
sure is considered highly suggestive of botulism,
especially when no definitive diagnostic test is
available in the early stages®. Once suspicion was
established, antitoxin was administered promptly,
in accordance with CDC and WHO guidelines?,
and the Ministry of Health rapidly identified a
shared contaminated food source, confirming the
outbreak.

In addition to standard antitoxin therapy, pla-
smapheresis was trialed in two severely affected
patients who showed limited improvement af-
ter antitoxin administration. Though not widely
adopted in botulism management, several case
reports and small series have proposed that pla-
smapheresis may offer adjunctive benefits by
enhancing toxin clearance or modulating immu-
ne response*2. While our observations suggest
possible autonomic stabilization after plasmaphe-
resis, controlled studies are needed to validate its
efficacy in this setting.

This case series highlights the importance
of early recognition, timely antitoxin admini-
stration, and comprehensive supportive care in
managing foodborne botulism. It also emphasi-
zes the role of electrophysiology in differential
diagnosis and the potential utility of adjunctive
therapies in select cases.

Limitations

Despite the informative clinical and electro-
physiological findings presented in this case se-
ries, several limitations must be acknowledged.
The retrospective nature of the study is a key
limitation, as it inherently introduces the poten-
tial for selection bias, incomplete data capture,
and variability in the timing of assessments and

interventions. Additionally, the small sample size
and single-center setting limit the generalizabi-
lity of the findings. While our observations sug-
gest potential benefits of adjunctive therapies
such as plasmapheresis, controlled prospective
studies are required to validate these findings
and better define their role in the clinical mana-
gement of botulism.

CONCLUSIONS

While botulinum antitoxin remains the pri-
mary and most evidence-based treatment for
botulism, there is limited data supporting addi-
tional disease-specific therapies. In this case se-
ries, due to the persistent severity of symptoms
in cases #2 and #4 despite the timely admini-
stration of antitoxin, adjunctive plasmaphere-
sis was trialed. Notable clinical improvement,
particularly in autonomic parameters, such as
heart rate and blood pressure, was observed
following plasmapheresis. Although this inter-
vention cannot be considered standard care
based on current evidence, our findings, in ali-
gnment with prior reports?*28, suggest a poten-
tial benefit of plasmapheresis in cases of severe
or refractory botulism, warranting further inve-
stigation.
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