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Background. Botulism is a life-threatening neuroparalytic disease caused by botulinum neurotoxins. While its acute phase has
been extensively studied, long-term sequelae following recovery remain insufficiently explored. This systematic review aims to
comprehensively assess and synthesize available evidence on post-botulism sequelae to improve understanding and guide future
research.

Methods. A systematic search was conducted in MEDLINE, EMBASE via Ovid, and Web of Science from inception to 24 June
2024. Eligible studies included observational studies, case series, and case reports describing post-recovery symptoms in individuals
diagnosed with foodborne, wound, or infant botulism, excluding iatrogenic cases. The risk of bias was assessed using the Critical
Appraisal Skills Programme (CASP) checklists.

Results.  Out of 340 screened records, 9 studies met inclusion criteria, comprising 2 case-control studies (n = 230 botulism cases,
n = 669 controls) and 7 cohort studies (n = 185 botulism cases). Most studies reported some short- and/or long-term consequences
of botulism. Among 3 studies homogeneously reporting sequelae symptomatology, the most frequently reported long-term
symptoms included fatigue (66.2%, range 47.9%-84.6%), limitations in vigorous activities (55.8%, range 47.6%-64.0%), general
weakness (57.1%, range 43.1%-76.9%), and dyspnea (42.9%, range 18.0%-92.3%). In some patients, psychosocial dysfunction
persisted longer than physical impairments, over the 6-year period post intoxication. Two studies provided comparative data
with control groups, demonstrating significantly higher prevalence of fatigue, weakness, and impaired health perception in
botulism survivors. Additionally, 14 case reports and case series (n =43 individuals) reported similar patterns with dyspnea,
fatigue, and autonomic dysfunction among the most reported sequelae.

Conclusions. This systematic review highlights significant long-term sequelae among botulism survivors, particularly fatigue,
respiratory impairment, and psychosocial dysfunction. While recovery trajectories suggest improvement over time, persistent
symptoms may impact quality of life. Standardized outcome measures and longitudinal studies are needed to elucidate the
burden of post-botulism sequelae further and inform clinical management strategies.
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Graphical Abstract

Botulism sequelae: A Systematic Review

Kosenko et al., 2025 | Open Forum Infectious Diseases

[%G) BACKGROUND: This systematic review aims to comprehensively assess and synthesise available evidence on post-botulism sequelae to
improve understanding and guide future research.

We identified nine studies that met inclusion criteria, comprising two case-control studies (n=230
botulism cases, n=669 controls) and seven cohort studies (n=185 botulism cases). Among these only
three studies used simillar methodology which allowed us to calculate prevalence of patient-reported
symptoms, on average two to four years after acute foodborne botulism event. Data from other studies

SEARCH STRATEGY: We systematically reviewed studies from
MEDLINE, EMBASE via Ovid, and Web of Science that report
symptoms and clinical features persisting after the acute phase of
botulism. The review included foodborne, wound, infant botulism,

and adult intestinal toxemia, with no restrictions applied to

language, age of participants, or study design

RISK OF BIAS: Critical appraisal highlighted
major limitations, including selection bias and
an inability to control for confounding

METHODOLOGY: Data from observational
studies is presented as prevalencefincidence,
while case reports are summarized qualitatively

Limitations in vigorous activities

is presented narratively and case reports are analysed separately

n=257

Additional Findings

Prevalence [range]*

Fatigue 66.2% [47.9-84.6%) Limited data available on infant
: ' : botulism suggests more favourable
55.8% [47.6-64.0%)] outcomes after an episode of
. : : acute botulism
Dyspnoea 42.9% [18.0-92.3%]

CONCLUSION: Botulism survivors often face significant long-term sequelae, including fatigue, respiratory impairment, and psychosocial
dysfunction. While symptoms often improve, their persistence can substantially impact quality of life
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* Prevalence and range are based on data using self-reported tools from three studies: Gottlieb et al, 2007; Wiicox et al, 1989; Mann et al. 1981.
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Botulism is a life-threatening disease caused by toxins pro-
duced by botulinum neurotoxins-producing clostridia [1].
Based on the route, this condition may vary in its type, causing
foodborne, wound, infant, iatrogenic botulism, and adult intes-
tinal toxemia [1]. The botulism is a relatively rare condition
with a limited number of outbreaks worldwide. The incidence
varies across different geographical regions. In 2019, the Center
for Disease Control and Prevention in the United States report-
ed 215 cases of botulism [2] while 82 confirmed cases of
botulism were found across EU/EEA countries in 2020 [3].
One of the largest outbreaks of botulism in decades occurred
in July 2024 in Moscow, Russia, with over 400 individuals af-
fected by the disease [4]. Botulism is a rare but serious illness
that usually requires hospital admission and immediate treat-
ment and is associated with prolonged hospital stay with the
most severe patients requiring intubation and mechanical
ventilation [1].

Short- and long-term sequelae after the acute phase of infec-
tious disease were reported across different conditions, such as
Middle East respiratory syndrome (MERS), Ebola, dengue, chi-
kungunya virus infection, and others [5]. Although post-
infectious sequelae are not new; they received the most atten-
tion following the COVID-19 pandemic, with a major interest
in the long COVID-19/post COVID-19 condition [6], which
has been named as a potential global burden [7, 8].
Post-infectious sequelae are associated with quality of life im-
pairment and require medical attention [8, 9], which may be

hampered by the lack of resources and attention to the
problem.

The acute phase of botulism has already been extensively
studied, with several systematic reviews collating evidence
[10-12], but only a limited number of studies have evaluated
botulism sequelae [13-17] with no systematic evaluation con-
ducted to date. This systematic review aimed to comprehen-
sively assess existing evidence on the sequelae of botulism to
improve understanding of the topic and provide the basis for
further research.

METHODS

This systematic review follows the recommendations set forth
by the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [18]. The review was reg-
istered with the National Institute for Health Research’s
PROSPERO 2024 CRD42024568513 Available from: https:/
www.crd.york.ac.uk/prospero/display_record.php?ID=CRD4
2024568513.

Search Strategy and Selection Criteria

MEDLINE, EMBASE via Ovid, and Web of Science were
searched for relevant peer-reviewed studies from the inception
to 24 June 2024, when the search was conducted. Additionally,
reference lists of eligible articles, relevant review articles, and
gray literature sources were searched to identify additional
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relevant studies not identified in the original database search.
Search strategy combined controlled vocabulary and free-text
terms related to long-term outcomes and sequelae (eg, “long-

* P«

term outcome*,” “persisting impairment*,” “permanent seque-
lae*,” “lasting symptom*”), outcome assessment (including
patient-reported outcomes), and botulism (including food-
borne, wound, and infant botulism). The complete search syn-
tax for each database is provided in the Supplementary Data.

Two authors (V. R. and T. E.) independently screened titles
and abstracts and reviewed full texts of potentially eligible re-
cords using Covidence systematic review software (Veritas
Health Innovation). Any disagreements between the screeners
were resolved via consensus or additional reviewer involve-
ment (M. K. and D. M.).

Eligibility criteria: All studies reporting symptoms and clin-
ical features following recovery from the acute phase of botu-
lism. Due to the known paucity of available data, case reports
and case series were also included but analyzed and presented
independently from the original study results.

Population: Humans (irrespective of age) with diagnosed
botulism.

Exposure: Four natural exposure routes of botulism as de-
fined by the CDC: foodborne, wound, infant, and adult intesti-
nal toxemia. Iatrogenic botulism is excluded due to its
fundamentally different exposure mechanism.

Outcome: Prevalence/incidence and clinical characteristics of
the sequelae.

Data Extraction

A data extraction form was developed in Microsoft Excel and
pre-piloted using 5 randomly selected studies. The form was re-
vised based on the pilot results to ensure clarity and compre-
hensiveness. Two reviewers (V. R., T. E.) independently
extracted information from all potentially relevant articles,
with discrepancies resolved via discussions with the third re-
viewer (M. K.). Studies in languages other than English were
translated using a combination of automated translation tools
and reviewed by fluent speakers to ensure accuracy and fidelity
to the original text.

The data extracted from eligible papers included study char-
acteristics, type of botulism, participant characteristics, infor-
type,
instrument/clinical definitions used, and incidence/prevalence.

mation about follow-up, sequelae measurement

Risk of Bias Assessment

Based on the study’s design, the quality of included studies was
assessed using Critical Appraisal Skills Programme (CASP)
ChecKklists for cohort studies [19] or case-control studies [20].
These tools consist of 11 and 12 questions respectively, divided
into 3 sections: validity of results, results appraisal, and applica-
bility of results [19, 20]. Two researchers (V. R., T. E.)

independently conducted the risk of bias assessment, and all
discrepancies were resolved by a third reviewer (M. K.).

Data Analysis

Given the heterogeneity in study design, reported sequelae, and
measurement instruments, a meta-analysis was not feasible.
Instead, a narrative synthesis approach was employed in accor-
dance with the Synthesis Without Meta-analysis (SWiM)
guideline [19]. The data were analyzed descriptively, with key
findings summarized in tabular form, stratifying studies based
on study design, population, and outcome measures. The data
on symptoms reported homogeneously across the studies were
plotted for illustrative purposes.

For observational studies, we reported the prevalence and in-
cidence of botulism sequelae using absolute frequencies and
percentages, along with ranges where possible. For studies
that allowed direct comparisons between botulism survivors
and controls, we extracted and reported odds ratios (ORs)
with 95% confidence intervals (CIs), if available. Functional
and psychosocial impairment measures were presented using
standardized scoring scales as reported in the original studies.
Since there are no standardized criteria for post-infectious se-
quelae, we considered any new or long-lasting symptom or
clinical feature after recovery from the acute phase of botulism
as a post-botulism sequelae irrespective of time frame.

For case reports and case series, due to the descriptive nature
of these studies, results were summarized qualitatively and pre-
sented separately from observational data. A structured data
extraction table was developed to categorize reported sequelae
by type, duration of follow-up, and study setting.

All statistical analyses were performed using R software
(Version 4.4.1, R Foundation for Statistical Computing,
Vienna, Austria). When available, reported statistical signifi-
cance levels (P-values) were extracted and included in the syn-
thesis to provide additional context for interpretation.

RESULTS

The systematic literature search resulted in a total of 340 re-
cords. The full text for one of the studies was not identified,
and the authors did not respond to our inquiries [20]. Nine
manuscripts met pre-defined inclusion criteria for this system-
atic review (Figure 1). Two case-control studies [14, 15] as-
sessed 230 cases of foodborne botulism (FBB) and 669
control subjects, while 7 cohort studies [13, 16, 17, 21-24] cov-
ered 185 cases of botulism, with 5 of the latter being prospec-
tive. The main characteristics of the included studies are
presented in Table 1. Seven studies [13-17, 22, 24] included in-
dividuals presenting with FBB, and 2 [21, 23] focused on infant
botulism (IB). The diagnosis of botulism was primarily based
on epidemiological and laboratory findings. However, a sub-
stantial proportion of cases were diagnosed on clinical grounds
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Studies from databases/registers (n = 184)
Embase (n = 116)
Web of Science (n = 34)
MEDLINE (n = 34)

References from other sources (n = 214)
Citation searching (n = 214)

Identification

References removed (n = 58)
Duplicates identified manually (n = 6)

Y

Duplicates identified by Covidence (n = 52)
Marked as ineligible by automation tools (n = 0)

Studies screened (n = 340)

—>{ Studies excluded (n = 289)

v

Studies sought for retrieval (n = 50)

> Studies not retrieved (n = 1)

v

Screening

Studies assessed for eligibility (n = 49)

Vv

Studies included in review (n =9)

Figure 1.

Studies excluded (n = 40)
Wrong outcomes (n = 21)
Wrong phenomenon (n = 2)
Wrong study design (n = 17)

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of the systematic search and included studies.

alone. This reliance on clinical diagnosis introduces a limita-
tion to our analysis. The potential for misclassification is un-
derscored by the work of Gottlieb et al [15], whose study,
including the largest participant cohort, explicitly noted the
lack of a standardized case definition for botulism in Georgia
during the study period. Sample sizes of included studies
ranged from 8 to 217. Out of 9 studies included, only 5 reported
botulism sequelae investigation as a primary aim [13-17]. Two
studies [13, 17] included overlapping patient datasets following

a botulism outbreak in New Mexico (April 1978), during which
34 persons developed clinical botulism.

Foodborne Botulism

Two [22, 24] out of 7 studies on FBB reported limited data on
botulism sequelae as this has not been the primary study out-
come. Townes et al [22]. investigated 8 patients with botulism
and followed 4 of them for 6 months after convalescence. All 4
underwent neurologic examination with no signs or symptoms
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Figure 2. Prevalence of patient-reported symptoms, on average 2—4 years after acute foodborne botulism event. Data from Schmidt-Nowara et a

authors followed the same cohort of patients as Mann et al'”.

'3 study is not shown as

reported [22]. Boccagni et al [24] followed 4 patients out of 18
male adults following FBB outbreak for a short period of time
of 2 and a half months. Half of the individuals showed weakness
in the upper and lower limbs and reduced deep tendon reflexes;
diplopia, dysphagia, hypophonia, dysphonia, and dysarthria
were noticed in one patient each [21, 23, 24].

Five remaining studies assessed FBB sequelae as a primary
outcome. One of them, by Cohen et al [16], used the Sickness
Impact Profile (SIP) [25, 26], a health status measure designed
to assess the impact of sickness and disability on an individual’s
daily functioning to longitudinally assess sequelae in 28 adults,
focusing on physical, psychosocial, and independent categories
dysfunction over the 3-year period post botulism. The overall
SIP mean decreased steadily over 3 years, starting from 50.44
during hospitalization to 3.95 at 36 months. Physical impair-
ment was severe during hospitalization (mean = 63.68) but de-
clined sharply, reaching 1.09 by 36 months. Conversely,
psychosocial impairment was initially lower (mean =33.21)
but decreased more gradually, remaining at 6.53 at 36 months.
At 4 months post-admission, physical and psychosocial scores
intersected, with physical impairment continuing its rapid de-
cline while psychosocial dysfunction persisted longer.

Out of 7 studies on FBB 4 [13-15, 17] used comparable
methodology and approach to symptomatology reporting
and categorization (Supplementary Data), which allowed to
plot these data (Figure 2). The most frequently reported symp-
toms on average 2-4 years after FBB were fatigue (median
66.2%, range 47.9-84.6), limitations in vigorous activities

(55.8%, 47.6-64.0), general weakness (57.1%, 43.1-76.9), and
dyspnea (42.9%, 18.0-92.3) [13-15, 17].

Only 2 studies compared sequelae between FBB survivors
and control subjects. Gottlieb et al [15] found that patients
were more likely than controls to report worse health, whether
they had required mechanical ventilation (OR = 33.4, 95% CI:
11.3-98.9) or not (OR 16.3, 9.6-28.1). Forty-nine percent of pa-
tients rated their current health as “fair” or “poor,” compared to
25% of controls (OR =5.0, 3.2-7.6). Experience of botulism
was associated with more frequent fatigue (OR 3.6, 2.4-5.5)
and weakness (OR 3.2, 2.1-4.8), with limitations in vigorous ac-
tivities (eg, running and climbing stairs) (OR 32.3, 1.6-3.5).
Patients also reported feeling less energetic (OR 0.3, 0.2-0.5)
or happy (OR 0.3, 0.2-0.5) and were more likely to feel nervous
(OR 2.8, 1.8-4.4) and disturbed sleep (OR 1.8, 1.1-3.1).
Another study by Wilcox et al [14] focused on respiratory func-
tioning and exercise tolerance 2 years post FBB; despite im-
provements, all 13 patients reported dyspnea with minimal or
moderate exertion, unlike age- and sex-matched controls,
where only 2 reported dyspnea with moderate exertion.
Pulmonary function tests showed no significant differences be-
tween groups, and no restrictive abnormalities were found in
participants. Respiratory muscle strength was generally compa-
rable, though 4 patients had a PImax < 65% predicted, indicat-
ing inspiratory muscle weakness. Exercise capacity was reduced
in botulism survivors, with 6 achieving < 80% of predicted
VO:max, and they showed a rapid, shallow breathing pattern
during exercise.
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Infant Botulism

Of the 9 identified studies, only 2 by Vanella De Cuetos et al [23]
and Tseng-Ong et al [21] provided information on IB sequelae.
Both studies primarily focused on clinical presentation, diagno-
sis, and treatment rather than long-term outcomes. In a 3-month
follow-up of 49 infants, Vanella De Cuetos et al [23] reported se-
vere residual hypotonia in 2 patients and laryngeal stenosis in
one. In contrast, Tseng-Ong et al [21] reported no sequelae in
their cohort of 44 infants. However, neither study specified the
number of infants assessed at follow-up nor the duration of
follow-up for Tseng-Ong et al [21]. Consequently, the scarcity
and heterogeneity of the data precluded any meaningful analysis
or conclusions regarding sequelae following IB.

The CASP critical appraisal was conducted and the major
limitations associated with the study design and conduct
were the following: selection bias related to investigation of
a group of individuals following a single botulism outbreak
[13, 14, 17, 24]. Most studies did not adjust for confounding
factors, which may be attributable to the small sample sizes
and the fact that many studies were conducted few decades
ago, when methodological standards for observational research
were less rigorous. The full CASP assessment for the included
studies is available in the Supplementary Data.

We have additionally collated the data from case reports and
case series presenting patients with follow-up examinations after
botulism. Fourteen manuscripts covered clinical scenarios on 43
individuals (Supplementary Data). These included 17 individu-
als after FBB [24, 27, 28, 29, 30, 31] infants after IB [32-38], a
child after wound botulism [28], and an individual after, suppos-
edly, adult intestinal toxemia as reported by the authors [39].
The most prevalent long-term symptoms (Figure 3) among indi-
viduals after FBB event were dyspnea (24%), fatigue (18%), as-
thenia (18%), and dry mouth (18%), including severe dryness
of the mouth which has not resolved even 4 years after FBB
[27-31]. Common symptoms reported were consistent with
the outcomes of the studies included in the analysis [13-15, 17].

Patients after IB reported in case reports and case series had
generally favorable outcomes [32-38] with most infants
(83.3%) reporting no sequelae during follow-up visits. The
most prevalent symptom following IB was weakness (12.5%)
noticed during the first 2 months after convalescence.

DISCUSSION

This systematic review provides the first comprehensive syn-
thesis of long-term sequelae following botulism, highlighting
persistent physical, respiratory, and psychosocial impairments
among survivors. Our findings indicate that while many pa-
tients recover from the acute phase, a substantial proportion
experience prolonged symptoms, including fatigue, dyspnea,
muscle weakness, and limitations in daily activities. These se-
quelae align with post-infectious syndromes described in other
bacterial and viral illnesses, suggesting shared mechanisms un-
derlying long-term recovery impairments.

Long-term complications following infectious diseases have
been well documented, particularly in the context of post-viral
syndromes. The persistence of fatigue, dyspnea, and autonomic
nervous system dysfunction in botulism survivors is similar to
findings from studies on post-COVID-19 conditions, post-
sepsis syndrome, and other infections with peripheral nervous
system involvement. We draw cross-disease parallels at the lev-
el of shared clinical phenotypes—fatigue, exertional dyspnea,
and autonomic and psychosocial dysfunction, while emphasiz-
ing that the pathophysiology differs materially. In botulism,
persistent symptoms follow a toxin-mediated presynaptic
blockade of acetylcholine at the neuromuscular junction with
prolonged autonomic cholinergic dysfunction; recovery likely
reflects gradual restoration of neuromuscular transmission
with possible incomplete regeneration and dysautonomia,
rather than ongoing organ inflammation. Consistent with
this mechanism, long-term cohorts show normal spirometry
yet inspiratory muscle weakness and reduced VO:max with
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rapid, shallow breathing on exertion, features pointing to neu-
romuscular limitation. By contrast, analogous symptom clus-
ters after other infections (eg, severe viral pneumonias,
sepsis) often arise from inflammatory organ injury or neuroin-
flammatory pathways. Our comparisons contextualize what pa-
tients experience across conditions while clarifying that
botulism’s long-term morbidity is rooted in toxin-mediated
neuromuscular and autonomic dysfunction, not the inflamma-
tory or structural organ damage more typical elsewhere.

Similar to post-polio syndrome, which manifests years after
acute poliovirus infection with progressive muscle weakness,
fatigue, and respiratory dysfunction [40], botulism survivors
experience residual neuromuscular impairment. This is expect-
ed, given that Clostridium botulinum toxin exerts its primary
effect by blocking acetylcholine release at the neuromuscular
junction [41]. Unlike post-polio syndrome, however, botulism
sequelae appear to improve over time rather than progressively
worsen, although psychosocial dysfunction and reduced exer-
cise tolerance may persist.

Long-term respiratory dysfunction has been observed in var-
ious infections requiring mechanical ventilation, although it is
usually found in patients facing severe infections impacting re-
spiratory system. For example, severe COVID-19 pneumonia
leads to persistent dyspnea, reduced lung function, and exer-
tional intolerance months after hospital discharge [42, 43].
Similarly, survivors of severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS) report-
ed exertional breathlessness and persistent fatigue for years
[44]. These patterns are comparable to botulism survivors, in
whom residual dyspnea on exertion, inspiratory muscle weak-
ness, and reduced maximal oxygen consumption (VO:max)
were prominent findings in long-term follow-up studies [14,
15]. However, the origin of these sequelae is likely to be very
different and the data on botulism survivors is limited.

Post-infectious fatigue is a recognized syndrome, often re-
ported after viral and bacterial illnesses. Survivors of botulism,
as seen in our review, frequently experience persistent fatigue
and exercise intolerance. This aligns with findings from post-
sepsis syndrome, where up to 50% of patients report long-term
fatigue, cognitive dysfunction, and impaired health-related
quality of life [45]. Additionally, fatigue and autonomic dys-
function have been widely documented in post-Ebola and post-
dengue patients, reinforcing the likelihood of post-infectious
neuroinflammatory pathways contributing to prolonged recov-
ery [46, 47]. Beyond fatigue, psychosocial impairment appears
to be a major consequence of botulism. Cohen et al identified
persisting psychological distress and social limitations in survi-
vors, even after the resolution of physical symptoms [16]. This
finding is consistent with psychological sequelae observed in
post-COVID-19 and post-sepsis populations, where high rates
of depression, anxiety, and PTSD have been reported [47]. The
persistence of neuropsychological dysfunction following

botulism warrants further investigation, as neurotoxin-
mediated effects on the autonomic nervous system may play
a role in long-term psychosocial distress.

The mechanisms underlying prolonged symptoms in botulism
survivors remain speculative but may involve long-term
neuromuscular junction dysfunction, neuroplasticity changes,
and persistent autonomic dysregulation. Studies on botulinum
neurotoxin recovery suggest that while neuromuscular transmis-
sion may return over time, compensatory synaptic changes and
incomplete regeneration could contribute to lingering symptoms.
Additionally, the role of post-infectious neuroinflammation, as
seen in post-viral syndromes, remains an area for future research.

While this systematic review provides a comprehensive syn-
thesis of existing evidence on long-term sequelae following bot-
ulism, several limitations must be acknowledged. A major
limitation of this review is the heterogeneity across included
studies, particularly in terms of study design, population char-
acteristics, follow-up duration, and outcome assessment meth-
ods. The included studies varied significantly in sample size,
ranging from small case series to larger cohort and case-control
studies, making direct comparisons challenging. Additionally,
the lack of standardized outcome measures across studies limits
the ability to draw firm conclusions regarding the true preva-
lence and severity of botulism sequelae. Several of the included
studies focused on specific botulism outbreaks, which may in-
troduce selection bias. Patients from these outbreaks may not
represent all botulism cases globally, particularly given the geo-
graphic variation in clinical management, access to botulinum
antitoxin, and supportive care. Many studies relied on retro-
spective data collection and self-reported outcomes, which
may introduce recall bias and subjectivity in symptom report-
ing. Self-reported symptoms, such as fatigue, dyspnea, and psy-
chosocial distress, may be influenced by individual perception
and recall, particularly in studies with long follow-up periods.
Objective functional assessments (eg, pulmonary function
tests, electromyography, or cognitive evaluations) were not
consistently performed, limiting the ability to correlate subjec-
tive complaints with physiological dysfunction. While 2 studies
included control groups for comparison, the majority did not,
making it difficult to determine whether all of the reported
symptoms were specific to botulism or reflective of general
post-illness recovery patterns. The absence of age- and sex-
matched controls in most studies limits the ability to attribute
observed sequelae solely to botulism, as other comorbid condi-
tions or preexisting health factors may contribute to symptoms.

This systematic review highlighted significant long-term se-
quelae among botulism survivors, with some individuals expe-
riencing fatigue, respiratory impairment, and psychosocial
dysfunction persisting months to years after acute illness.
These findings draw parallels with other post-infectious syn-
dromes, reinforcing the need for standardized outcome mea-
sures and longitudinal studies to characterize post-botulism
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morbidity better. Given the significant burden of post-botulism
sequelae, clinicians should be aware of potential long-term neu-
romuscular and psychosocial dysfunction in affected patients.
Structured rehabilitation programs, pulmonary rehabilitation,
and psychological support may benefit survivors, particularly
those experiencing persistent fatigue, exercise intolerance, or
psychosocial distress. Future studies should focus on prospec-
tive, long-term follow-up of botulism survivors to better under-
stand recovery trajectories and identify optimal interventions.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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