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Abstract
Background  Adult botulism is a rare, life-threatening condition typically caused by exposure to preformed 
botulinum neurotoxin (BoNT). Acute intestinal toxemia botulism (AITB) is an uncommon subtype resulting from 
colonization of Clostridium botulinum in the intestines. Diagnosis is made by detecting BoNT in the patient’s blood, 
stool, or gastric fluid. AITB is confirmed when C. botulinum is isolated in culture. Electrodiagnostic studies may support 
the diagnosis, while imaging—when performed—is generally used to exclude alternative conditions.

Case presentation  A 74-year-old man presented with acute dysarthria and ophthalmoparesis, which rapidly 
progressed to quadriparesis and respiratory failure requiring intubation. Magnetic resonance imaging (MRI) 
revealed thickening and enhancement of the cauda equina nerve roots. Due to high clinical suspicion for botulism, 
heptavalent botulinum antitoxin was administered. Intravenous immunoglobulin was also given, as the imaging 
findings raised concern for an alternative diagnosis of Guillain-Barré syndrome (GBS). Blood and stool samples 
later tested positive for BoNT type A, and C. botulinum was isolated from the stool, confirming AITB. The patient 
experienced a gradual but prolonged recovery of motor function following treatment.

Conclusions  Botulism in both infants and adults is not typically associated with abnormal neuroimaging findings. 
To our knowledge, this is the first reported case of cauda equina nerve root thickening and enhancement on MRI 
in AITB—or in adult botulism more broadly. We outline the differential diagnosis, pathophysiology, and treatment 
of botulism. This case underscores that abnormal neuroimaging should not delay prompt empiric treatment for 
botulism when clinical suspicion is high.
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Background
Adult botulism is a rare life-threatening condition caused 
by exposure to preformed botulinum neurotoxin (BoNT) 
or, rarely, in situ toxin production due to Clostridium 
botulinum bacterial colonization of a wound (wound 
botulism) or the intestine [adult intestinal toxemia bot-
ulism (AITB)]. Symptoms result from presynaptic fail-
ure at the neuromuscular junction (NMJ) and typically 
progress rapidly from nausea, to acute bulbar and pupil-
lary dysfunction, to descending paralysis and respiratory 
failure [1–5]. We report a patient with AITB associated 
with cauda equina nerve root thickening and gadolinium 
enhancement on magnetic resonance imaging (MRI). To 
our knowledge, these are the first reported radiographic 
findings of this type associated with adult botulism. We 
describe the natural history, diagnosis, and treatment of 
adult botulism and AITB.

Case presentation
A 74-year-old man with osteoarthritis and alcohol use 
disorder presented with double vision and slurred speech 
after a nap (Day 0). By Day 1, double vision had resolved 
but the slurring persisted, prompting ED evaluation 
where he was tachypneic but neurologically intact. Labs, 
including blood counts, chemistries, troponin, lactate, 
ethanol level, and urine toxicology, were unremarkable. 
Computed tomography (CT) of the brain with angiog-
raphy was normal. Within hours, dysarthria worsened, 
oropharyngeal secretions accumulated, and aspiration 
occurred, leading to hypoxia and intubation.

Examination several hours later in the intensive care 
unit (ICU) showed intact mental status, dilated and 
sluggishly reactive pupils, bifacial weakness, near-com-
plete ophthalmoplegia (slight preservation of left eye 
adduction), intact corneal, gag, and cough reflexes, full 

shoulder strength, decreased tone, severe symmetric 
proximal weakness, head drop, mild length-dependent 
sensory deficits, and absent reflexes. Babinski reflexes 
were equivocal. MRI brain showed mild subcortical white 
matter T2/fluid attenuated inversion recovery (FLAIR) 
hyperintensities consistent with chronic microvascular 
disease. Cerebrospinal fluid (CSF) revealed normal white 
blood cell (WBC) count and glucose with mildly elevated 
protein (52 mg/dL).

On Day 3, he was transferred to our tertiary center 
where he remained alert, communicating via thumbs-
up/down. Pupils were 4  mm with minimal right-sided 
reactivity. The neurologic exam was unchanged. Of note, 
no fatiguability was noted on repetitive testing of biceps 
flexion. and reflexes remained absent throughout despite 
Jendrassik maneuvers and skin exam revealed no rashes 
or ticks. The constellation of acute bulbar dysfunction, 
flaccid weakness, and respiratory failure suggested a ful-
minant neuromuscular process localizing to the neuro-
muscular junction, nerve roots, nerves, and/or muscles. 
The patient’s descending paralysis, mydriasis, and rapid 
deterioration favored botulism, however Guillain-Barré 
syndrome (GBS) Miller-Fisher variant (given areflexia, 
sensory findings of unknown chronicity, and elevated 
CSF protein) and other autoimmune, paraneoplastic, 
infectious, and toxicologic etiologies were also consid-
ered. Comprehensive workup was initiated (Table 1). He 
was empirically treated on Day 3 with both equine Bot-
ulinum anti-toxin (BAT) Type A and initiated on intra-
venous immunoglobulin (IVIg) 2  g/kg over 5 days for 
possible GBS.

The following day, previously absent patellar deep ten-
don reflexes (DTR) were elicited easily (2 + left, 1 + right). 
Early return and persistence of DTRs was recognized to 
be unusual for GBS, and, along with increasingly dilated 
and poorly reactive pupils, further elevated concerns 
for botulism. Unexplained DTR abnormalities further 
prompted spinal MRI to assess for an upper motor neu-
ron processes, and this showed normal spinal cord and 
mild enhancement and thickening of the dorsal cauda 
equina nerves roots near the level of the conus (Fig. 1). 
This finding was not an expected feature of the lead-
ing clinical diagnosis of botulism and carried a broad 
radiologic differential including GBS, chronic inflam-
matory demyelinating polyneuropathy (CIDP), infec-
tion (e.g., Lyme disease, tuberculosis), autoimmune 
disorders (e.g., neurosarcoidosis), or malignancy (e.g., 
neurolymphomatosis).

Nerve conduction studies (NCS) on Day 3 revealed 
reduced amplitudes of CMAPs (median, peroneal), pre-
served sensory nerve action potentials (ulnar, radial, 
sural), slowed tibial/peroneal motor and sural sensory 
conduction, and absent conduction block or tempo-
ral dispersion. The absence of decrement/increment on 

Table 1  Key diagnostic work-up
Specimen 
source:

Test (results within normal range, unless otherwise 
specified)

Serum: Bacterial cultures, HIV Ag/Ab, Amphiphysin, ANNA-1/3, 
AGNA-1, AP3B2, CRMP5 CASPR2, Contactin-1, GFAP, GM1 
IgG/IgM, GD1b IgG/IgM, Gd1b IgG/GM, MAG IgM, WNV 
IgG, AChR IgG, igLON5, LG1, MuSK Ab, MAG, Neurofascin, 
LRP4, HIV Ag/Ab, botulinum toxin type-A positive, botuli-
num toxin mouse bioassay positive,

Urine: Toxicology screen, culture
CSF: Cell count, protein (54 mg/dl), glucose (102 mg/dl), gram 

stain/bacterial culture, IgG index, oligoclonal bands, WNV 
IgG/IgM, VZV IgG/IgM, VDRL, B. Burgdorferi Ab, Meningitis 
PCR panel (H. Influenza, Group B Strep, Strep pneumo, N. 
Meningitidis, E. Coli K1, CMV, Listeria, Enterovirus, HSV1/
HSV2, HHSV6 PCR, Parechovirus, VZV, Cryptococcus), Para-
neoplastic IgG panel (ANNA-1, ANNA-2, PCCA-1, PCCA-Tr)

Stool: Culture positive C. botulinum, C. Botulinum toxin negative
Normal values CSF Protein (15–45  mg/dL), CSF Glucose (40–70  mg/dL), CSF 
Nucleated Cells (0–6/uL), CSF RBC (0/uL)



Page 3 of 6Jiang et al. BMC Neurology          (2025) 25:343 

repetitive ulnar nerve stimulation (3  Hz/50Hz) made 
myasthenia gravis less likely. Minimal F-wave latencies 
were prolonged for the left median and tibial nerves and 
absent in the left ulnar and peroneal nerves. Needle EMG 
of the deltoid showed short-duration, low amplitude 
motor unit action potentials (MUAP) with early recruit-
ment, and the biceps, triceps and tibialis anterior showed 
morphologically normal MUAPs with mild-to-moder-
ately reduced recruitment. There were no acute dener-
vation potentials. In addition to an incidental median 
neuropathy at the left wrist, the presence of reduced 
CMAPs, persevered SNAPs, and myopathic features sup-
ported a pre-synaptic NMJ disorder consistent with bot-
ulism. However, additional features raised the question of 
a superimposed neuropathy with axonal and demyelin-
ating features. Due to the marked motor predominance, 
chronic polyneuropathy (e.g., alcohol-related) was felt 
to be less likely. F-wave abnormalities were difficult to 
interpret in the setting of potential ICU artifact, however, 
paired with other findings and the patient’s imaging, a 

proximal inflammatory process like early GBS, could not 
be excluded.

On Day 5, serum testing by California Department of 
Public Health (DPH) returned positive for BoNT type A, 
confirming a diagnosis of botulism. Mouse bioassay test-
ing of the patient’s serum samples resulted in the death 
of 4 out of 4 mice in less than 12 h, which suggested high 
levels of circulating BoNT. A careful skin exam showed 
no wounds that could be a source of wound botulism. 
Stool culture subsequently grew BoNT type A-produc-
ing C. botulinum, confirming AITB. Thorough search 
by DPH of the patient’s residence, as well as sample 
collection and thorough analysis isolated BoNT type 
A-producing C. botulinum from a tumbler containing 
a homemade alcoholic beverage, which the patient had 
consumed on the day of symptom onset, as well as the 
surrounding soil, making it the most likely inoculation 
source.

Over the ensuing months, the patient’s motor func-
tion gradually improved. He required tracheostomy and 

Fig. 1  Initial and delayed spinal imaging (A) Axial and (B)Sagittal T1 post-gadolinium MRI obtained on day 5 of illness showing thickening and avid 
enhancement of the dorsal cauda equina roots (yellow arrows) at the level of the conus medullaris. (C) Axial T1 post- gadolinium MRI obtained 3 months 
after illness showing persistent, though markedly decreased, cauda equina root thickening and enhancement (yellow arrows)
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gastrostomy for persistent respiratory insufficiency and 
dysphagia, and experienced deconditioning and ortho-
static hypotension treated with midodrine. At 2 months, 
he could propel a wheelchair but struggled with head 
control and secretions. Subsequent hospitalization for 
aspiration pneumonia and septic shock further delayed 
recovery. At 3 months, MRI showed improving but per-
sistent cauda equina enhancement (Fig. 1). By 5 months, 
he could transition from lying to sitting with assistance, 
could stand using a lift device, and began walk train-
ing. He was later re-hospitalized for catheter-associated 
sepsis.

Discussion
Botulism is rare with only about 110 cases reported 
annually in the United States. Infant botulism occurs due 
to ingestion and intestinal colonization of C. botulinum 
spores, which in turn, produce BoNT. Most adult dis-
ease is acquired through ingestion of preformed neuro-
toxin, or, less commonly, toxin production in an infected 
wound. Iatrogenic disease has also rarely occurred due 
to BoNT use for cosmetic or medical indications. Botu-
lism due to intestinal colonization in adults, denoted 
AITB, occurs in less than 1% of adult cases and has been 
reported in association with 6 out of 7 botulism toxin 
subtypes (A-F). AITB is typically associated with pre-
existing immunosuppression, abnormal gastrointestinal 
anatomy (e.g., prior colon resection, short bowel syn-
drome, post-jejunoileal bypass, Meckel’s diverticulum), 
mucosal dysregulation (e.g., inflammatory bowel disease, 
achlorhydria), and/or dysbiosis (e.g., recent systemic 
antibiotic therapy) which can potentiate colonization by 
disrupting local gut flora [6–9]. AITB has been reported 
in the absence of risk factors, as in the current case [5, 7, 
8, 10–13].

Due to botulism’s acute and often fulminant onset, 
diagnosis and appropriate treatment hinge on early rec-
ognition of signs and symptoms, such as bulbar dysfunc-
tion (often including dilated and poorly reactive pupils), 
descending flaccid paralysis, and neuromuscular respira-
tory failure. The most sensitive test and laboratory gold 
standard for diagnosing botulism is mouse lethality bio-
assay, in which mice are injected with a patient’s serum 
sample and observed for signs of disease, including 
fuzzy hair, weakness, and respiratory failure. Additional 
enzyme-linked immunoassays are used to differentiate 
toxin subtypes though sensitivity is significantly lower 
[14]. Confirmatory results of botulism testing are inevi-
tably delayed beyond the acute period during which 
prompt antitoxin administration is critical.

While often non-specific, electrodiagnostic find-
ings may support the diagnosis of botulism and can 
help to exclude mimics [15]. Typical features associated 
with presynaptic NMJ disorders, like botulism, include 

reduced CMAP amplitudes with preserved sensory 
responses. Distal motor latencies and motor conduction 
velocities may be normal or slightly slowed The apparent 
slowing of conduction velocity, a finding typically asso-
ciated with demyelination, may instead be a physiologi-
cal artifact in this case. When NMJ transmission fails at 
the synapses of the fastest-conducting motor fibers, the 
resulting CMAP is initiated by slower fibers, resulting in 
prolonged latency or slow conduction velocities. A simi-
lar rationale is given for the slowing of nerve conductions 
observed in axonal neuropathies [16]. The most charac-
teristic RNS finding is an incremental response (facilita-
tion) after brief, maximal exercise or with high-frequency 
RNS (30-50hz). Modest decrement of CMAP amplitudes 
may be observed with low-frequency (3  Hz) repetitive 
nerve stimulation (RNS), but this is less pronounced than 
in myasthenia gravis in general. Late responses and sen-
sory NCS are typically normal. Impaired neuromuscular 
transmission can lead to incomplete activation of muscle 
fibers, producing motor unit potentials with a myopathic 
appearance and an early recruitment pattern. In cases of 
more severe transmission block, there may be functional 
loss of motor units, resulting in reduced recruitment. The 
mixed recruitment patterns observed in this case likely 
reflect varying degrees of partial to complete motor unit 
blockade, compounded by a superimposed neurogenic 
process, such as the diffuse radiculopathies seen on MRI. 
It is important to note that electrodiagnostic findings can 
vary, making interpretation challenging, particularly in 
early disease [15, 16]. 

Brain and spinal imaging, when reported, is typi-
cally normal in botulism and primarily serves to exclude 
alternative diagnoses [1, 4, 17]. To our knowledge, the 
only other report of abnormal MRI findings was a case 
of infantile botulism associated with symmetric cervi-
cal nerve root enhancement, without reported nodular-
ity or thickening, and subtle diffusion restriction in the 
splenium, dorsal pons, and bilateral optic radiations. This 
patient responded rapidly to treatment with botulism 
immunoglobulin and, similarly to our case, BoNT type 
A was identified [18]. The true prevalence of nerve root 
and/or other abnormalities on MRI may be higher than 
reported in the botulism literature, given that neuro-
imaging, much less, delayed imaging, is not routinely 
obtained [1, 4, 17]. 

As BoNT is understood to act primarily at the pre-
synaptic nerve terminal, a mechanism for nerve root 
involvement is not clear [19]. There is mounting evidence 
that botulism pathophysiology extends beyond the NMJ. 
For example, a study in mice demonstrated remnants of 
SNAP25, a key protein cleaved by BoNT at the presyn-
aptic terminal, in sciatic nerve axons, dorsal root ganglia, 
and spinal cord [20]. Others have proposed retrograde 
axonal transport of BoNT, although mechanisms have 
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not been well established [21, 22]. While little can be 
speculated based on two cases, the presence of true clos-
tridial infection in both our adult patient and, presum-
ably, the previously reported infant raises the possibility 
that the observed root enhancement may have repre-
sented an inflammatory response, perhaps analogous to 
that seen in post-infectious GBS. Clostridial infectious 
radiculitis has not been reported, and bland cerebrospi-
nal fluid (CSF) profiles in both AITB cases suggest this to 
be unlikely.

The possibility of co-occurring GBS was considered 
as an explanation for our patient’s imaging findings and 
mixed demyelinating features on NCS [23, 24]. Given 
that this diagnosis of GBS could not be excluded, and due 
to early diagnostic uncertainty and rapid clinical worsen-
ing, a full course of empiric IVIg was completed out of an 
abundance of caution. Given the patient’s clinical course 
(including persistently present DTRs), positive confirma-
tory testing for botulism, and findings on EMG/NCS that 
could be consistent with early GBS, we ultimately felt that 
an additional diagnosis of GBS was unlikely.

Treatment for non-infantile, as well infantile cases felt 
to be foodborne, is equine heptavalent BAT, which acts 
against 7 of 8 known toxin subtypes ideally administered 
in the first 48 h for maximal effect. Infantile botulism due 
to bacterial colonization is treated with human-derived 
intravenous botulism immune globulin (known as BIG-
IV or BabyBIG) [25, 26]. Antibiotics are currently only 
recommended for wound botulism and there is no cur-
rent recommendation to treat AITB with BIG or anti-
biotics. Antibiotics are avoided, however, in cases of 
infantile botulism due to a theoretical risk that bacteri-
olysis may augment toxin release and worsen symptoms 
[27]. While no formal studies have investigated their 
efficacy in AITB, vancomycin and metronidazole have 
been reported as adjunctive treatments aimed at clearing 
intestinal colonization [7, 28]. Supportive care in the ICU 
is crucial to preventing morbidity and mortality. Approx-
imately 46–70% of patients with botulism require intu-
bation and mechanical ventilation, and patients can also 
experience marked dysautonomia, including heart rate 
and blood pressure lability as well as anhidrosis [29, 30]. 
Even with timely BAT treatment, recovery typically spans 
30–100 days, though potentially longer [7, 25, 29]. Due to 
AITB’s rarity, it is unclear if recovery rates differ, though 
some reports, including ours, describe complicated and 
prolonged courses [7]. One AITB case report described 
recurrence of descending paralysis on days 23–25 associ-
ated with recurrent detection of botulinum toxin in the 
stool, despite initial stabilization and improvement fol-
lowing BAT administration on day 13 [28]. 

Conclusion
To our knowledge, this is the first reported case of 
adult botulism associated with cauda equina nerve root 
enhancement on MRI. The etiology of radiographic nerve 
root involvement in botulism remains unclear. However, 
this case supports the notion that MRI abnormalities 
such as these should not dissuade from or delay prompt 
empirical treatment for botulism in the appropriate clini-
cal context.
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