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1Division of Foodborne, Waterborne, and Environmental Diseases, National Center for Emerging and Zoonotic Infectious Diseases, CDC

Summary

Botulism is a rare, neurotoxin-mediated, life-threatening disease characterized by flaccid descending paralysis that begins with cranial 
nerve palsies and might progress to extremity weakness and respiratory failure. Botulinum neurotoxin, which inhibits acetylcholine 
release at the neuromuscular junction, is produced by the anaerobic, gram-positive bacterium Clostridium botulinum and, rarely, 
by related species (C. baratii and C. butyricum). Exposure to the neurotoxin occurs through ingestion of toxin (foodborne botulism), 
bacterial colonization of a wound (wound botulism) or the intestines (infant botulism and adult intestinal colonization botulism), and 
high-concentration cosmetic or therapeutic injections of toxin (iatrogenic botulism). In addition, concerns have been raised about the 
possibility of a bioterrorism event involving toxin exposure through intentional contamination of food or drink or through aerosolization. 
Neurologic symptoms are similar regardless of exposure route. Treatment involves supportive care, intubation and mechanical ventilation 
when necessary, and administration of botulinum antitoxin. Certain neurological diseases (e.g., myasthenia gravis and Guillain-Barré 
syndrome) have signs and symptoms that overlap with botulism. Before the publication of these guidelines, no comprehensive clinical care 
guidelines existed for treating botulism. These evidence-based guidelines provide health care providers with recommended best practices 
for diagnosing, monitoring, and treating single cases or outbreaks of foodborne, wound, and inhalational botulism and were developed 
after a multiyear process involving several systematic reviews and expert input.

Introduction
Background

These evidence-based guidelines provide health care personnel 
with recommended best practices for diagnosing, monitoring, and 
treating botulism in the settings of conventional, contingency, and 
crisis standards of care. The following syndromes are described: 
foodborne botulism (exposure to botulinum neurotoxin in 
food), wound botulism (exposure to botulinum neurotoxin from 
a wound colonized with the bacteria), inhalational botulism 
(exposure to aerosolized botulinum neurotoxin, which could 
be caused intentionally), and iatrogenic botulism (exposure 
to botulinum neurotoxin by injection of high-concentration 
botulinum toxin for cosmetic or therapeutic purposes). These 
guidelines do not address syndromes of botulism caused by 
intestinal colonization by botulinum-toxin–producing Clostridia 
species (i.e., infant botulism and adult colonization botulism), 
which are inherently sporadic and have not occurred in outbreaks. 
Therefore, throughout the text, terms such as “botulism” and 
“patient with suspected botulism” refer to syndromes other than 
intestinal colonization.

Contamination of foods with botulinum neurotoxin can 
occur unintentionally when botulinum spores germinate under 

Corresponding author: Jeremy Sobel, MD, Division of Foodborne, 
Waterborne, and Environmental Diseases, National Center for 
Emerging and Zoonotic Infectious Diseases, CDC. Telephone: 
404-639-7419; Email: jsobel@cdc.gov.

appropriate conditions and produce toxin, or intentionally, 
when toxin is added directly to foods. Foodborne botulism 
outbreaks usually affect few persons. However, because large 
outbreaks are possible (“epidemic potential”), foodborne 
botulism is a public health emergency. Contamination of 
wounds with Clostridium botulinum and subsequent in situ 
botulinum toxin production is typically (in the United States) 
caused by unsanitary injection of a particular type of heroin 
(black tar heroin) subcutaneously or subdermally; although 
common-source heroin containing clostridial spores might 
affect groups of injectors, wound botulism does not have 
the epidemic potential of foodborne botulism (1). Purified 
botulinum toxin, produced and weaponized by military 
biological warfare programs of various countries, could be 
dispersed as an aerosol and cause inhalational botulism. This 
form of botulism, which does not occur naturally and has 
been reported once in a laboratory worker, could affect many 
persons (2).

Diagnosis of botulism depends on high clinical suspicion 
and a thorough neurologic examination. The timeliness of 
diagnosis is crucial to successful treatment because botulinum 
antitoxin, the only specific therapy for botulism, must be 
administered to patients as quickly as possible. In the United 
States, botulinum antitoxin (to treat suspected botulism, other 
than infant botulism) is available emergently and free of charge 
from the federal government. Health departments and CDC 
provide emergency clinical consultations 24 hours per day and 
facilitate rapid antitoxin delivery for treatment of suspected 
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botulism, other than infant botulism. For suspected cases of 
infant botulism, the California Department of Public Health 
Infant Botulism Treatment and Prevention Program provides 
clinical consultation and access to the specific antitoxin licensed 
for treatment of infant botulism.

The recommendations in these guidelines address the 
conventional standard of care, in which medical resources are 
not limited, as well as settings of contingency and crisis standards 
of care, with limited medical resources. These guidelines focus 
on clinical management in the acute phase of illness and do not 
address long-term care, epidemiologic investigations, antitoxin for 
postexposure prophylaxis, and management of routine medical 
issues that are not specific to botulism. Clinicians, hospital 
administrators, state and local health officials, and planners can 
use the recommendations in these guidelines to assist in developing 
crisis protocols for national preparedness for botulism events 
ranging from sporadic (single) cases to large outbreaks.

Pathophysiology of Botulism
Botulism is caused by toxins formed by the anaerobic, 

gram-positive bacterium C. botulinum and, rarely, by strains 
of closely related species (C. baratii and C. butyricum) (3). 
These organisms form spores that are ubiquitous in the 
environment and capable of indefinitely surviving most 
naturally occurring conditions as well as boiling and other 
routine cooking practices. Spores are routinely ingested by 
humans but do not normally germinate in the intestine (4). 
Toxin is produced only when the spores germinate; this occurs 
under a rare confluence of circumstances that include anaerobic 
conditions, low acidity (pH >4.5), low salt and sugar content, 
and temperatures of 37°F–99°F (3°C–37°C), depending on 
the serotype. Botulinum toxins are the most potent biologic 
toxins known. Although the precise lethal dose for humans is 
unknown, extrapolations have been made from primate studies. 
The lethal doses for purified crystalline botulinum toxin type 
A for a 154-lb (70-kg) man are estimated to be 70 μg when 
introduced orally and 0.80–0.90 μg when inhaled (2). Lower 
doses were proposed in older studies (5–7).

Seven antigenically distinct botulinum toxins have been 
identified (A, B, C, D, E, F, and G), all during 1919–1970 
(3); most strains of C. botulinum produce only a single toxin, 
although strains producing two toxin types have been identified 
(8). In addition, two novel botulinum-toxin–like proteins 
have been identified from gene sequences and assembled: 
one from a C. botulinum isolate and one from an Enterococcus 
faecium isolate (9–11). All botulinum toxin types share a 
similar structure, consisting of a zinc-endopeptidase protein 
formed by a heavy chain of approximately 100,000 daltons 
and a light chain of approximately 50,000 daltons. Botulinum 

neurotoxin enters the vascular circulation (through ingestion, 
absorption from colonized wound or intestine, inhalation, or 
injection) and is transported to peripheral cholinergic nerve 
terminals, including neuromuscular junctions, postganglionic 
parasympathetic nerve endings, and peripheral ganglia (12). All 
toxin types produce a similar clinical syndrome of cranial nerve 
palsies followed by descending symmetric flaccid paralysis of 
variable severity and extent through similar pharmacological 
mechanisms at the neuromuscular junction (12–14).

The sequence of botulinum neurotoxin activity at the 
neuromuscular junction includes heavy-chain binding to 
a neuronal cell followed by internalization by means of 
receptor-mediated endocytosis, translocation to the cytosol, 
and cleavage of the proteins (specific for each serotype) 
involved in the release of the neurotransmitter acetylcholine 
(4). The characteristic flaccid paralysis results from blocking 
acetylcholine transmission across the neuromuscular junction 
by inhibition of acetylcholine release from the presynaptic 
motor neuron terminal (12). The large molecular size of 
the botulinum toxin likely precludes its crossing the blood-
brain barrier to the central nervous system (4). Botulinum 
toxin might be transported to the central nervous system 
axonally, similar to tetanus toxin, which it resembles, although 
direct effects on the central nervous system have not been 
documented in humans (15). Recovery, which takes weeks to 
months, occurs after sprouting of new nerve terminals.

Toxin serotypes A, B, E, and (more rarely) F cause human 
disease. Toxin type A produces the most severe syndrome, 
with the highest proportion of patients requiring mechanical 
ventilation (14,16,17). Toxin type B usually causes milder 
disease than type A (14,16,17). Only two cases of illness 
in humans from toxin type C and one outbreak caused by 
toxin type D have been reported, all in the 1950s (18,19). 
Although toxin type C blocks neuromuscular transmission 
in human tissue in laboratory experiments, this toxin type 
might not be absorbed in the human gastrointestinal tract 
(20,21). In studies of human tissue, toxin type D has been 
reported not to block neuromuscular transmission (20). No 
cases in humans have been reported from toxin type G (3). 
Toxin type E, usually associated with consumption of foods of 
aquatic origin, produces a syndrome of variable severity, which 
frequently includes gastrointestinal symptoms (17,22,23). 
Type F cases are rare and characterized by rapid progression, 
extensive paralysis, and respiratory failure but with earlier 
recovery (24,25). All toxin types readily produce botulism in 
experimental animal models.
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Methods
In 2015, CDC established a technical development group 

with experts in the clinical, epidemiologic, and laboratory 
aspects of botulism and related fields. To oversee and guide 
development of the guidelines, CDC also established an 
internal agency guideline steering committee comprising 
clinical, preparedness, and response experts. Together, the 
technical development group and the guidelines steering 
committee prioritized topic areas and determined the scope 
of the guidelines. Priorities included characterizing the clinical 
features of botulism, determining optimal monitoring of 
patients with suspected botulism, and establishing the efficacy 
and safety of botulinum antitoxin (26). Children and pregnant 
women were considered specifically. How botulism might 
uniquely affect these populations was considered throughout 
the process, including through systematic reviews on pediatric 
botulism and botulism in pregnant women, as well as 
presentations during two forums and a workshop. A committee 
comprising representatives from federal agencies, including 
the Assistant Secretary for Preparedness and Response, the 
Biomedical Advanced Research and Development Agency, the 
U.S. Department of Homeland Security, the U.S. Department 
of Defense, the Food and Drug Administration (FDA), and 
the National Institutes of Health, was briefed throughout the 
process of developing the guidelines. 

Physicians from CDC and academia conducted six 
systematic reviews on the clinical features of botulism, 
pediatric botulism, botulism in pregnancy, epidemiology 
of botulism outbreaks, botulinum antitoxin efficacy, and 
allergic reactions to botulinum antitoxin (14,27–31). The 
systematic reviews were conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (http://www.prisma-statement.
org) and registered with the International Prospective 
Register of Systematic Reviews (Table 1). CDC librarians 
developed the search strategy for each review, using search 
terms selected in consultation with the review authors. The 
librarians searched the following databases from inception 
through May or November 2015: ClinicalTrials.gov (all trials 
indexed through May or November 2015), Cochrane Library 
(1800–present), Cumulative Index to Nursing and Allied 
Health Literature EBSCO (1981–present), Embase Dialog 
(1947–1988), Embase Ovid (1988–present), Global Health 
Ovid (1910–present), Medline Ovid (1946–present), and 
Scopus (1960–present). For the clinical features, pediatric, and 
antitoxin efficacy systematic reviews, librarians also searched 
the National Technical Information Service, Defense Technical 
Information Center (DTIC), and government documents via 
WorldCat and DTIC documents via Google Scholar. Two 

TABLE 1. Botulism clinical guidelines topic areas and questions for 
systematic reviews 

Topic area Questions

Maternal and fetal 
outcomes associated 
with botulism

1. Are pregnant and postpartum women more 
susceptible than nonpregnant women to botulism?

2. Do pregnant women have different signs and 
symptoms or more severe disease than 
nonpregnant patients?

3. Is there an increased risk for adverse maternal, fetal, 
or neonatal outcomes associated with botulism?

4. What are the effects of antitoxin on pregnant women?

Allergic reactions to 
botulinum antitoxin

1. What is the risk for anaphylaxis from botulinum 
antitoxin?

2. What is the usefulness of skin testing in 
determining the risk for allergic reactions to 
botulinum antitoxin?

Efficacy of antitoxin in 
foodborne botulism

1. What are the benefits of botulinum antitoxin?
2. Is there a time beyond which antitoxin is no 

longer beneficial?
3. Do any patient demographic or clinical characteristics 

predict greater benefit from antitoxin?

Pediatric botulism and 
use of botulinum 
antitoxin in children

1. What are the signs and symptoms of diagnostic 
value in children with botulism?

2. What is the effect of botulinum antitoxin in children?

Epidemiology of 
foodborne botulism 
outbreaks

1. What are the demographic characteristics?
2. What are the types of food sources and toxin types?
3. What are the clinical characteristics, including 

adverse outcomes?
4. What are the times between exposure, symptom 

onset, and adverse outcomes?
5. What are the outbreak durations?

Clinical features of 
foodborne and  
wound botulism

1. What are the signs and symptoms reported at 
hospital admission?

2. What are the incubation periods and duration of 
illness before hospital admission?

3. What are the patient factors associated with 
respiratory failure and death?

authors of the clinical features systematic review also manually 
searched Morbidity and Mortality Weekly Reports (MMWRs) 
published before 1980. The allergy systematic review included 
unpublished data from Cangene Corporation from two clinical 
trials involving 56 healthy adults and from CDC’s botulism 
consultation service for 249 patients with botulism treated 
with botulinum antitoxin heptavalent (BAT). The antitoxin 
efficacy systematic review included animal studies that reported 
controlled toxin exposure and antitoxin treatment. The 
pediatric and pregnancy systematic reviews included non–
English-language articles that were professionally translated; 
the other systematic reviews included only English-language 
articles. The six systematic reviews were published, along with 
nine other manuscripts on various botulism topics, including 
clinical characteristics and ancillary test results among patients 
with botulism and clinical criteria to trigger suspicion for 
botulism, that also informed these guidelines (13,26,32–38). In 
addition, an analysis of detailed abstractions of medical records 

http://www.prisma-statement.org
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from 99 hospitalized patients with laboratory-confirmed 
botulism provided data on presence and progression of signs 
and symptoms (CDC, unpublished data, 2016).

In partnership with the National Association of County 
and City Health Officials, CDC organized two forums 
conducted during January–May 2016 to elicit the individual 
input of experts in botulism, crisis standards of care, and 
clinical medicine. One forum focused on the diagnosis and 
management of botulism (10 teleconferences with 16 experts) 
and the other on the treatment of botulism (11 teleconferences 
with 21 experts). Data from the systematic and other 
reviews, individual published and unpublished studies, CDC 
investigations, and the relevant botulism, pharmacologic, 
respiratory, neurologic, and critical care literature were 
presented to the experts in each of the forums. Experts 
represented themselves and provided their own input on 
various topics, including botulism pathophysiology, infectious 
diseases, antitoxin use, emergency and critical care medicine, 
crisis standards of care, electrodiagnostic testing, public health, 
obstetrics and gynecology, and pediatrics.

CDC used input from the two forums to generate preliminary 
recommendations for a 2-day botulism workshop in June 2016. 
A total of 72 experts, including the technical development 
group, steering committee, most of the expert forum 
participants, and other invited participants, provided their own 
input on targeted questions posed by CDC about the diagnosis 
and management of botulism. Participants included physicians 
who have treated patients with botulism, representatives 
from professional societies (e.g., the American College of 
Emergency Physicians), state and federal public health officials, 
and botulism subject matter experts. Participants provided 
their own input in response to CDC solicitation throughout 
the process. CDC staff and other participants presented the 
evidence compiled from the systematic reviews and forums and 
gave presentations on various topics, including crisis standards 
of care, pathophysiology of botulism, caring for patients with 
botulism during an outbreak, ethical considerations in the 
management of botulism, antitoxin safety and effectiveness, 
and considerations for vulnerable populations. Of note, 
the peer-reviewed scientific literature on clinical aspects of 
botulism consists largely of case series and case reports.

CDC asked participants to declare any potential conflict of 
interest. Two experts reported such potential conflicts. CDC 
reviewed these potential conflicts of interest and determined 
that they did not preclude these persons from participating. 
The authors of the guidelines have no financial interests 
in or other competing interests with the manufacturers of 
commercial products or suppliers of commercial services related 
to botulism. After the workshop, the authors wrote a draft 
of the guidelines based on the systematic reviews and forum 

and workshop discussions. The draft was reviewed by selected 
members of the technical development group and steering 
committee and then sent to workshop participants for their 
individual review. The recommendations presented in this 
report reflect the synthesis and analysis of evidence obtained 
from systematic reviews conducted by CDC scientists and 
input from subject matter experts. These guidelines will be 
updated when substantive new evidence is available regarding 
the diagnosis, monitoring, and treatment of foodborne, 
wound, inhalational, or iatrogenic botulism.

Standards of Care: Conventional, 
Contingency, and Crisis

The acute onset of neuromuscular weakness in patients with 
botulism, frequently progressing to respiratory failure, typically 
requires high acuity emergency and inpatient care. Therefore, a 
sudden influx of severely ill patients with botulism might stress 
the ability of a single hospital or a hospital network to provide 
appropriate care. To prepare for potentially catastrophic events 
such as botulism outbreaks, the Institute of Medicine (National 
Academies of Medicine) recommends that officials from state 
and local governments (e.g., public health and emergency 
management), emergency medical services, and health care 
organizations establish disaster response plans (39). These 
plans should incorporate crisis standards of care to optimize 
medical surge capacity and guide the process of medical care 
during a catastrophic event.

The medical surge capacity continuum is determined by the 
balance between health care supply and demand. The standards 
of care within this continuum are categorized as conventional, 
contingency, or crisis (39).

Components of the health care supply are space (e.g., rooms 
or areas in which to care for patients), staff (e.g., health care 
providers), supplies (e.g., medications and medical supplies 
such as tongue blades), and equipment (e.g., ventilators and 
monitors). In the conventional (i.e., standard) care setting, 
standard clinical care spaces, staff, and supplies are used, resulting 
in a usual level of patient care. In the contingency care setting, 
although substitutions of space, staff, or supplies are required as 
demand increases, the level of patient care is not affected. In the 
crisis care setting, the demand for space, staff, or supplies exceeds 
that which is available, affecting the level of patient care that 
can be provided. For example, in a hospital that is providing a 
conventional standard of care, managing an increasing number 
of patients might include adding beds to patient rooms to treat 
more patients. In contingency standard of care settings, measures 
might include caring for patients in areas not typically used for 
inpatient care (e.g., postanesthesia care unit and endoscopy 
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suite), and measures in crisis standard of care settings might 
include caring for patients in areas that are never used for patient 
care (e.g., classrooms) (40). In a crisis standard of care setting, 
the focus transitions from actions that prioritize individual 
patient outcomes to actions that prioritize population-based 
outcomes. Implementation of crisis standards of care in a given 
facility should be as brief as possible, and every effort should be 
made to either obtain appropriate resources or transfer patients 
to appropriately resourced facilities so conventional standards 
of care can be resumed.

Disaster response plans should incorporate indicators to 
measure or predict demand for health care services or resources 
(e.g., emergency department wait time) and triggers that 
guide decisions about delivering those health care services or 
resources. For example, an emergency department wait time 
of greater than a specified period might result in increased 
staffing (41). These indicators can mark the transition from 
conventional to contingency and from contingency to crisis, 
and the triggers describe which actions should be taken in 
response to the indicators. Indicators and triggers during a 
botulism outbreak likely will vary across hospitals (40). For 
example, in some hospitals, a conventional standard of care 
might be appropriate in the emergency department that has 
five patients in respiratory distress with possible botulism; 
however, a contingency or crisis standard of care might be 
needed for other hospitals. Event-specific criteria that might 
need to be considered in a botulism outbreak include the 
number of patients affected, the severity of their illness (e.g., 
patients requiring intubation and mechanical ventilation), and 
availability of botulinum antitoxin and mechanical ventilators. 
Certain aspects of a botulism outbreak response, including 
diagnosis, monitoring, and treatment, might vary across the 
medical surge capacity continuum (conventional, contingency, 
and crisis standards of care) (Table 2).

Diagnosis of Botulism
Each of the following sections begins with a summary of 

evidence. Following the evidence are the CDC recommendations 
for diagnosing, monitoring, and treating suspected botulism 
as well as (in certain sections) key points for clinicians. In 
addition, a summary of the recommendations and key points 
is provided (Supplementary Box; https://stacks.cdc.gov/view/
cdc/105129).

Botulism typically produces a distinctive syndrome of cranial 
nerve palsies that can be followed by bilateral, symmetric, 
descending flaccid paralysis, affecting proximal before distal 
limb musculature, that might progress to respiratory failure and 
death. The extent and severity of paralysis is proportional to 

the dose of toxin. Patients with botulism are described as alert 
and oriented, although ptosis, ocular muscle paralysis, voice 
changes from vocal cord paralysis, and gait disturbance from 
skeletal muscle paralysis can be mistaken as manifestations 
of drug or alcohol intoxication or mental status changes of 
other origin; patients rarely have sensory deficits and rarely 
report pain (3,42,43). However, the diagnosis of botulism is 
frequently delayed or even missed.

Challenges in the Diagnosis of Botulism
Although the progression of paralysis in patients with 

botulism is described as unique and recognizable, in practice, 
when a patient is first seen by the health care provider, the 
neurologic symptoms and the sequence of progression both 
are sometimes misdiagnosed (3,14). The reasons for initial 
failure to diagnose botulism in subsequently confirmed cases 
has been investigated most productively in outbreaks, in which 
cases initially misdiagnosed were eventually identified by 
outbreak investigators. Outbreak investigations in which some 
botulism cases were only identified after the patients had been 
discharged with alternative diagnoses highlight the potential 
for delayed or missed diagnoses (35,38) (CDC, unpublished 
data, 2016). The critical initial treatment and management 
decisions for patients with suspected botulism must be made 
based on clinical findings. Botulinum antitoxin, the only 
specific therapy for botulism, should be administered as quickly 
as possible. Laboratory confirmation can take several days, and 
delaying administration of antitoxin to a patient with a high 
or medium likelihood of botulism while awaiting laboratory 
results can worsen the patient’s outcome (3,35,44,45). The 
diagnostic challenges resulting from the variations in the 
spectrum of signs and symptoms of botulism were highlighted 
in the delayed recognition of a large foodborne botulism 
outbreak, in which some patients initially received diagnoses 
of myasthenia gravis, stroke, or psychiatric disorders (46). Most 
of the affected patients were reported to have had the classic 
signs and symptoms of botulism (46). In recent literature 
reviews and a classical case series, botulism was most commonly 
misdiagnosed as myasthenia gravis and Guillain-Barré 
syndrome (13,14,16,30,31). A wide variety of common and 
unusual etiologies have been included in differential diagnoses 
of individual cases (e.g., cerebrovascular accident, Lambert-
Eaton syndrome, meningitis, encephalitis, and tick paralysis) 
(13). In a review of 332 patients with possible botulism 
for which CDC consulted during 1980–2016, the treating 
physician provided alternate diagnostic considerations for 274 
cases (83%); for these, treating physicians reported a range of 
zero to six illnesses other than botulism as possible diagnoses 
at the time of emergency public health consultation. The most 

https://stacks.cdc.gov/view/cdc/105129
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TABLE 2. Conventional, contingency, and crisis standards of care for diagnosing, monitoring, and treating botulism*

Definition, 
setting, and 
treatment

Standard of care

Conventional Contingency Crisis

Definition • Usual standard of care, and space, staff, 
supplies, and equipment are available.

• Care is the same as in conventional settings 
but might involve different methods, 
medications, or locations; the impact on 
usual standard of care is minimal.

• Critical space, staff, supplies, or equipment are 
limited, affecting usual standard of care and 
requiring medical care prioritization. Care 
might not be initiated and might be withdrawn 
from persons to allow resources to be allocated 
to persons with the highest likelihood of 
survival or benefit.

• Because prognosis in botulism is excellent with 
appropriate respiratory support, airway control, and 
ventilation, transfer to an adequately resourced 
facility should be attempted when at all possible.

Hospitals • Usual patient care areas are used.
• Physicians and advanced practice 

providers diagnose botulism based on 
history, examination, and laboratory tests.

• Consult public health officials immediately 
when botulism is suspected, and 
request antitoxin.

• Triage based on severity of illness and 
respiratory status.

• Admit all patients with suspected botulism to 
the appropriate unit in which close neurologic 
and respiratory monitoring is available.

• If antitoxin is available and a patient needs 
to be transferred to a higher acuity hospital, 
consider administering antitoxin before 
transfer and ensure serial monitoring can be 
performed while in transit.

• Conduct full diagnostic testing, including 
neurologic examination, brain imaging, 
lumbar puncture, electromyography, and 
nerve conduction study as applicable.

• Perform serial monitoring with a complete 
neurologic examination, including cranial 
nerves, extremity strength, and respiratory 
status, before and after antitoxin 
administration.

• Monitor for adverse events (e.g., 
anaphylaxis) during and after antitoxin 
administration.

• Critical care surge plans are implemented; 
use adjunct areas (e.g., procedure rooms).

• Physicians and advanced practice providers 
diagnose botulism based on history, 
examination, and laboratory tests.

• Consult public health officials immediately 
when botulism is suspected, and 
request antitoxin.

• Triage based on severity of illness and 
respiratory status.

• Admit patients with suspected botulism 
requiring hospitalization (e.g., patients with 
respiratory symptoms or difficulty 
swallowing).

• If antitoxin is available and a patient needs to 
be transferred to a higher acuity hospital, 
consider administering antitoxin before 
transfer, and ensure serial monitoring can be 
performed while in transit.

• Conduct more limited testing and evaluation 
using the clinical criteria tool for early 
diagnosis of botulism.

• Perform serial monitoring using the clinical 
criteria tool for early diagnosis of botulism to 
identify illness progression

• Monitor for adverse events (e.g., anaphylaxis) 
during and after antitoxin administration.

• The maximal critical care surge plan is 
implemented; use all available areas (e.g., 
procedure rooms).

• All medical staff (e.g., physicians and nurses) 
diagnose botulism using the clinical criteria 
tool for early diagnosis of botulism.

• Consult public health officials immediately when 
botulism is suspected, and request antitoxin.

• Triage based on severity of illness and 
respiratory status.

• Admit patients with suspected botulism 
requiring hospitalization based on current 
capacity (e.g., patients with respiratory 
symptoms or difficulty swallowing).

• If antitoxin is available and a patient needs to be 
transferred to a higher acuity hospital, consider 
administering antitoxin before transfer and ensure 
serial monitoring can be performed while in transit.

• For patients not requiring hospitalization, refer 
stable, moderately ill patients to alternate care 
sites and send stable, mildly ill patients home 
(ensure connection with public health 
resources for telephone check-ins, and provide 
list of symptoms to self-monitor).

• Further limit testing and evaluation subject to 
resource availability (e.g., limit lumbar 
punctures, electrodiagnostic testing, and 
neuroimaging).

• Perform serial monitoring focused on illness 
progression, ability to swallow, and respiratory 
status for patients who do not require intubation.

• Monitor for adverse events (e.g., anaphylaxis) 
during and after antitoxin administration.

Medical facilities 
that are not 
hospitals

• Refer patients with suspected botulism to 
the hospital.

• Refer patients with suspected botulism to  
the hospital.

• For exposed persons without signs or 
symptoms of botulism, consider observing on 
site or asking them to self-monitor at home for 
signs or symptoms consistent with botulism 
and go to the hospital if symptomatic.

• Discharge asymptomatic persons with 
unknown exposure home to self-monitor.

• Refer severely ill patients with suspected 
botulism to the hospital.

• Send mildly ill patients who do not require 
hospitalization home to self-monitor for signs 
and symptoms with telephone follow-up.

• Consider locally established alternate care sites (e.g., 
federal medical stations) to provide for overflow and 
convalescent care to augment hospitals.

• Discharge concerned, asymptomatic persons 
with unknown exposure home to self-monitor.

Treatment with 
antitoxin

• Consider treatment with antitoxin of any 
patient with suspected botulism.

• Patients with mild symptoms, reliably 
observed to have no progression of paralysis 
over time, might not require treatment.

• Prioritize treatment of patients with features 
most suggestive of botulism.

• Use antitoxin with the goal of preventing 
respiratory collapse requiring mechanical 
ventilation; prioritize patients with progressing 
paralysis who are not likely to require intubation 
before antitoxin can be administered.

• Prioritize treatment of patients with features 
most suggestive of botulism.

• Use antitoxin with the goal of preventing 
respiratory collapse requiring mechanical 
ventilation; prioritize patients with progressing 
paralysis who are not likely to require intubation 
before antitoxin can be administered.

* Sources: Institute of Medicine. Crisis standards of care: a systems framework for catastrophic disaster response. Washington, DC: The National Academies Press; 2012; 
and Hick JL, Barbera JA, Kelen GD. Refining surge capacity: conventional, contingency, and crisis capacity. Disaster Med Public Health Prep 2009;3(Suppl 2):S59–67.
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common differential diagnoses were Guillain-Barré syndrome 
(99 cases) and myasthenia gravis (76 cases). For 160 botulism 
cases that occurred during 2009–2015, treating physicians 
who consulted with the CDC botulism clinical consultation 
service listed botulism first for 90% (144) of cases, second for 
6% (10), third for 3% (five), and fourth for <1% (one).

In children and adolescents, a differential diagnosis was 
reported in 79 (22%) cases; the most commonly listed alternate 
diagnoses were myasthenia gravis (22 cases; 28%), poisonings 
and intoxications (20 cases; 25%), Guillain-Barré syndrome 
(11 cases; 14%), and poliomyelitis (nine cases; 11%) (31). 
Misdiagnosis of botulism, including in outbreak settings, 
might occur because botulism is much less common than other 
diseases with similar signs and symptoms, such as myasthenia 
gravis and Guillain-Barré syndrome. In addition, failure to 
perform a thorough neurologic examination and identify the 
typical neurologic findings might decrease the likelihood of 
considering botulism (26). Although rarely reported, atypical 
findings or progression, such as reported asymmetry of deficits, 
might explain diagnostic difficulties (33,34,38,47).

Signs and Symptoms
In reviews and analyses conducted while gathering evidence 

for these guidelines (13,14,16,30,31,36), the most commonly 
reported symptoms among patients with botulism were 
dysphagia; blurred vision; slurred speech, difficulty speaking, 
and hoarse voice; gastrointestinal symptoms; dry mouth; 
shortness of breath; and diplopia. The most common signs 
were descending paralysis, ptosis, and ophthalmoplegia.

Signs and symptoms of botulism evolve over a period of 
hours to a few days. Initially, subjective symptoms of minor 
visual changes or (in patients with foodborne botulism) 
abdominal discomfort might occur, followed by progressive 
cranial palsies, which might then be followed by descending 
flaccid bilateral paralysis. In different patients, the maximum 
extent of neurologic signs might range from only ptosis or 
mild cranial nerve findings to descending bilateral flaccid 
paralysis, encompassing cranial nerve–innervated respiratory, 
extremity, and axial muscles. Early gastrointestinal symptoms 
(e.g., nausea and vomiting) are more common among persons 
with foodborne botulism than with other types of botulism 
(13,14,16). For example, vomiting was reported by 172 (50%) 
patients with foodborne botulism compared with three (5%) 
with wound botulism (14). Whether gastrointestinal signs 
and symptoms are caused by botulinum neurotoxin, other 
clostridial products, or nonclostridial substances related to 
food spoilage is unknown. Whether foodborne botulism from 
intentional contamination of food with purified botulinum 
toxin would cause gastrointestinal signs and symptoms is 

unknown (14). Constipation is often reported as an early 
symptom among children (31). Infants and young children 
might not be able to describe symptoms such as double vision; 
signs were more commonly reported than symptoms among 
children (31). The terminology used to describe the neurologic 
manifestations of botulism in infants differs from that used 
for children and adolescents; for example, in one analysis, 
hypotonia, weak cry, and poor feeding were reported among 
the three infants with foodborne botulism but not in other 
children (36).

Botulism is typically described as producing symmetric 
neurologic deficits, and the pathophysiological mechanism 
of the disease (i.e., circulatory distribution of the toxin 
to neuromuscular junctions) (12) is consistent with this 
description. Certain detailed case studies describe individual 
patients with asymmetric neurologic deficits (47). Larger 
case series have reported asymmetry or unilateral neurologic 
deficits in the range of 6%–15% of patients (13,16). These 
data are difficult to interpret because many case series present 
the findings from clinical chart abstractions; data in charts 
might be missing or incomplete and are typically reported by 
multiple providers with varying levels of expertise and charting 
habits. Unreactive pupils are expected in patients with botulism 
but were reported in only 25% in a large series of confirmed 
cases (i.e., cases with a positive specimen or epidemiologic 
association of a clinically compatible case with a case with a 
positive specimen) (13). Although rare, symptoms such as fever, 
nondescending paralysis, and altered mental status have been 
reported (13,31). Botulism typically affects proximal before 
distal muscles; however, equal muscle strengths or even distal 
muscles weaker than proximal have been reported (13). The 
reasons for these rarely reported findings might include an 
inadequately performed or recorded neurologic examination, a 
preexisting focal deficit, coincident processes such as infection, 
or a rare variance from the classical syndrome.

Respiratory failure without preceding neurologic deficits 
has rarely been reported as the presenting symptom. Such 
a presentation is highly improbable and likely represents an 
inability to perform a timely, thorough neurologic examination, 
which would have revealed the cranial nerve palsies that precede 
pharyngeal compromise and respiratory muscle paralysis.

In a series of 72 patients with sporadic (i.e., single) cases of 
botulism, most had a chief complaint that included symptoms 
reflecting the classical neurologic deficits of botulism (i.e., 
slurred speech, weakness, and difficulty swallowing). However, 
some of the primary signs and symptoms were less indicative 
of botulism (e.g., gastrointestinal symptoms only, back pain 
and difficulty using a walker, altered consciousness, and lip and 
tongue numbness) (CDC, unpublished data, 2016). Patients 
whose primary signs and symptoms did not reflect classical 
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neurologic deficits of botulism were more likely to have a 
delayed diagnosis of botulism (CDC, unpublished data, 2016).

Key Points for Clinicians 
• Be aware of the spectrum of signs and symptoms of botulism, 

ranging from limited cranial nerve palsies (e.g., ptosis) to 
respiratory failure and complete extremity paralysis.

• Be aware that the respiratory system might be compromised 
early in the illness, when respiratory muscles (e.g., 
diaphragm) are unaffected but the upper airway is 
compromised from paresis of cranial nerve muscles, 
resulting in pharyngeal collapse or pooling of secretions.

Recommendations 
• Consider botulism when myasthenia gravis or Guillain-

Barré syndrome are suspected and in a patient with 
unexplained symmetric cranial nerve palsies, with or 
without paresis of other muscles.

• Conduct thorough, serial neurologic examinations to detect 
the neurologic deficits of botulism and their progression.

• If botulism is suspected, immediately contact the local or 
state health department’s emergency on-call staff to arrange 
an emergency expert clinical consultation and, when 
indicated, request botulinum antitoxin from CDC.

Ancillary Testing
Background

Results from routine laboratory tests, including complete 
blood counts, examination of cerebrospinal fluid (CSF), and 
radiologic studies, are typically normal in patients with botulism. 
In Guillain-Barré syndrome, CSF protein concentrations are often 
elevated, especially by the second week of illness (48). In patients 
with botulism, mild increases in CSF protein concentrations are 
not reported frequently (13). Brain imaging might help exclude 
brainstem strokes that can produce nonlateralizing symptoms. The 
Tensilon (edrophonium) test, historically used to help diagnose 
myasthenia gravis, is usually negative in patients with botulism, 
although minimal responses have been reported (36).

Electrodiagnostic studies such as repetitive nerve stimulation 
(RNS), electromyography (EMG), and nerve conduction 
studies (NCSs) can help elucidate the etiology of muscle 
weakness. RNS involves electrically stimulating a motor nerve 
at either low (2–3 Hz or possibly 5 Hz) or high frequency 
(30–50 Hz) and recording the response in the distal muscle. 
EMG involves inserting a needle electrode into a muscle and 
recording the electrical activity at rest and with effort, showing 
motor unit potentials or motor unit action potentials. An 

NCS involves providing an electrical stimulus to a nerve and 
recording the electrical response from a sensory nerve (sensory 
nerve conduction study) or muscle (motor nerve conduction 
study) (49). Distinctive classical findings of botulism are an 
increment in the compound motor nerve action potential 
amplitude, with RNS rates of 30–50 Hz (50); fibrillation; 
decreased recruitment of muscle units; decreased duration of 
muscle unit potentials with EMG; and decreased motor-evoked 
amplitude on an NCS with otherwise normal findings (49). 
However, early in the disease course, electrodiagnostic studies 
might be normal or almost normal and therefore not helpful.

EMG, RNS, and NCSs have several limitations. They are 
operator-dependent and technically challenging, require specialized 
training and equipment, are not available at all hospitals, and can 
take 2 hours to complete; in addition, the results require expert 
interpretation. Early in the course of botulism, electrodiagnostic 
testing results are likely to be normal (except for testing by single-
fiber EMG) (51,52); late in the course, abnormalities are detected 
by these tests. EMG requires cooperation from the patient. The 
entire examination can be painful, especially RNS and particularly 
at 30–50 Hz (49). Clinicians must remember that patients with 
botulism who are paralyzed and intubated are still conscious (unless 
they are sedated); therefore, they should explain to patients who 
are not sedated why electrodiagnostic testing is being conducted 
and what they should expect. The sensitivity and specificity of 
EMG, RNS, and NCSs for diagnosing botulism are unknown. 
Electrodiagnostic findings in patients with other neuromuscular 
diseases (e.g., the Miller Fisher variant of Guillain-Barré syndrome) 
can be similar to those of botulism (50,51). More focused EMG 
studies, such as single-fiber EMG with measurement jitter, might 
be more sensitive (although it is nonspecific) than the general 
EMG but require even more specialized training, more expensive 
equipment, and more cooperation from the patient (52). The 
findings of electrodiagnostic studies should always be considered 
in the context of clinical, epidemiologic, and laboratory data.

Results from electrodiagnostic studies might help with the 
diagnosis of suspected botulism in settings of conventional, 
contingency, and crisis standards of care, depending on the 
situation. During an outbreak, electrodiagnostic studies are rarely 
needed for a cluster of patients with a clear history of bilateral, 
symmetric cranial nerve palsies followed by descending paralysis. 
However, for patients for whom the diagnosis is not clear, 
electrodiagnostic studies might help distinguish botulism from 
other neuromuscular diseases (e.g., myasthenia gravis or Guillain-
Barré syndrome). This is especially true for sporadic (single) 
cases, in which increasing the diagnostic certainty of botulism as 
early as possible in the course of illness helps guide clinicians in 
making the critical decision to treat with antitoxin for suspected 
botulism rather than plasmapheresis or immunoglobulin therapy 
for suspected Guillain-Barré syndrome. Because findings from 



Recommendations and Reports

MMWR / May 7, 2021 / Vol. 70 / No. 2 9US Department of Health and Human Services/Centers for Disease Control and Prevention

electrodiagnostic studies might remain abnormal for weeks after 
illness onset, these studies might be useful in the later stages of 
illness, when botulinum toxin is unlikely to be detectable in 
the serum. Whereas the identification of multiple patients with 
cranial nerve palsies and descending flaccid paralysis is highly 
suggestive of an outbreak of botulism, the additional evidence 
from electrodiagnostic studies can provide support for clinical 
and public health management decisions. Electrodiagnostic 
studies were helpful in establishing the diagnosis of botulism in 
an outbreak with patients who demonstrated atypical features 
(CDC, unpublished data, 2015). For public health events that 
require contingency or crisis standards of care, the likelihood of 
being able to conduct electrodiagnostic studies decreases.

Recommendation
• When feasible, consider using electrodiagnostic testing to 

assist in diagnosis of a suspected botulism case. When 
conducted and interpreted by experts, EMG, RNS, and 
NCSs can provide useful diagnostic data.

Exposure Risk Factors and Botulism Diagnosis

Background
A known risk factor for botulism in a patient’s clinical history 

can help focus the clinician’s attention on the diagnosis. Risk 
factors for wound botulism include injection drug use (especially 
of black tar heroin) and for foodborne botulism include 
consumption of home-canned food (3). However, because atypical 
and novel exposures also result in botulism, the absence of typical 
exposure risk factors does not rule out the disease. The occurrence 
of more than one case of illness that is suspected to be botulism, 
especially among persons with some connection to one another, 
suggests a common-source outbreak and substantially increases 
the likelihood of the diagnosis (3). However, the occurrence of 
geographically dispersed cases among persons with no obvious 
connection does not rule out the possibility of a botulism outbreak 
that could be caused by a widely distributed, seemingly innocuous 
product. Public health authorities should immediately investigate 
all cases of suspected botulism and, when exposures are suspected, 
inform clinicians about them promptly so that other patients with 
compatible signs and symptoms can be interviewed and possibly 
linked to the outbreak.

Recommendation
• Clinicians should ask patients about possible exposures to 

well-described sources of botulinum toxin, while keeping 
in mind that absence of such exposures does not exclude 
the possibility of botulism.

Clinical Criteria Tool for Early Diagnosis of 
Botulism in Crisis and Contingency Settings

Because diagnosing botulism can be challenging, a tool 
with evidence-based clinical criteria has been developed to aid 
clinicians in early identification of botulism in settings of crisis or 
contingency standards of care, when the probability of botulism 
increases above the level of extremely rare; the tool may be used in 
conventional settings as well (Box 1) (36). Cases of botulism from 
several sources were used to identify signs and symptoms of acute 
botulism onset, which were compared and ranked by frequency to 

BOX 1. Clinical criteria tool for early diagnosis of botulism* in crisis 
and contingency settings†

• Afebrile (<100.4°F [<38°C])§

• Acute onset of at least one of the following symptoms:
 ű Blurred vision
 ű Double vision
 ű Difficulty speaking, including slurred speech
 ű Any change in sound of voice, including hoarseness
 ű Dysphagia, pooling of secretions, or drooling
 ű Thick tongue

• At least one of the following signs:
 ű Ptosis
 ű Extraocular palsy or fatigability (the latter 

manifested by inability to avert eyes from light 
shone repeatedly into eye [typically used in 
infants])

 ű Facial paresis (manifested, for example, by loss 
of facial expression or pooling of secretions and 
in young children by poor feeding, poor suck on 
breast or pacifier, or fatigue while eating)

 ű Fixed pupils
 ű Descending paralysis, beginning with cranial nerves

Source: Rao AK, Lin NH, Griese SE, Chatham-
Stephens K, Badell ML, Sobel J. Clinical criteria to 
trigger suspicion for botulism: an evidence-based tool 
to facilitate timely recognition of suspected cases dur-
ing sporadic events and outbreaks. Clin Infect Dis 
2017;66(suppl_1):S38–S42.
* Suspect botulism when all three criteria are met. For all patients with 

botulism, intact mental status is expected. If a patient has altered mental 
status, this might be from other causes (e.g., respiratory failure, drug or 
alcohol use, preexisting condition, or concurrent infection).

† Although this tool can also be used in a conventional standard of care 
setting, a more detailed evaluation is expected. In a setting of crisis standard 
of care, meeting these criteria alone might be sufficient to treat for 
presumed botulism.

§ Fever concurrent with the acute onset of botulism in an adult is exceedingly 
rare; fever also is rare in infants and young children but might be more 
common than in adults.
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identify criteria that are optimally sensitive for a case of botulism 
(Tables 3 and 4). The tool was modified to account for reasons 
illnesses were not captured, and expert input from clinicians 
and other experts was applied to the criteria that comprise the 
tool. Ancillary results, including those from electrodiagnostic, 
neuroimaging, and Tensilon (edrophonium) tests and lumbar 
puncture, were not included in the tool. The tool was designed 
for maximum objectivity and reproducibility when used among 
health care workers; therefore, signs that frequently occurred but 
were difficult to quantify (e.g., sluggishly reactive pupils) were 
not included. Also omitted were epidemiologic risk factors that 
are often not confirmed early in the course of an investigation 

TABLE 3. Signs and symptoms of patients with confirmed botulism 
reported in medical charts,* by frequency of signs or symptoms 

Sign or symptom† Frequency (%)

Afebrile§ 99
Descending paralysis 93
Dysphagia 85
Weakness or fatigue¶ 85
Ptosis 81
Blurred vision 80
Difficulty speaking** 78
Diplopia 75
Change in voice†† 69
Shortness of breath§§ 65
Dry mouth 63
Thick tongue 62
Extraocular palsy 60
Impaired gag reflex 58
Dizziness 55
Palatal weakness 54
Facial weakness¶¶ 47
Nausea 43
Dilated pupils 37
Vomiting 33
Constipation 30
Abdominal pain 25
Abnormally reactive pupils*** 24
Sensory deficits or paresthesias 17
Diarrhea 16
Urinary retention 9
Altered mental status 8
Constricted pupils 3

 * N = 332. Data were obtained during clinical consultations with physicians 
treating botulism patients; physicians were asked about the presence or 
absence of signs and symptoms (Source: Rao AK, Lin NH, Jackson KA, Mody 
RK, Griffin PM. Clinical characteristics and ancillary test results among 
patients with botulism—United States, 2002–2015. Clin Infect Dis 
2018;66[suppl_1]:S4–10).

 † Some symptoms of botulism are nonspecific and might resemble those of 
anxiety, including dry mouth, difficulty swallowing, nausea, dizziness; in 
settings with fewer resources, observation for more specific signs and 
symptoms may be considered to document progression before treatment. 
Ocular symptoms are considered most objective.

 § Defined as a temperature <100.4°F [<38°C].
 ¶ Includes complaints of generalized weakness, fatigue, or malaise.
 ** Includes slurred speech, trouble speaking clearly, or dysarthria. 
 †† Includes any changes in the sound of voice, such as hoarseness, nasal speech, 

or dysphonia.
 §§ Includes difficulty breathing, respiratory distress, and dyspnea.
 ¶¶ Includes droop and paralysis.
 *** Includes sluggish, poorly reactive, and nonreactive or fixed pupils.

when most severely ill patients seek care for symptoms. The tool 
can be used for children and adults, including pregnant women, 
and by various health care workers without supervision after 
brief, focused training during contingency and crisis situations 
such as large outbreaks. The tool is not intended to replace a 
thorough physical examination and ancillary testing or to diagnose 
botulism; rather, the purpose is to help clinicians determine when 
to consider a diagnosis of botulism, without the distractions 
that can result from atypical or incidental findings (36). In a 
setting of conventional standard of care, the tool can be used to 
stimulate consideration of botulism, followed by a more detailed 
evaluation. In a setting of crisis standard of care, meeting these 
criteria alone might be sufficient to treat for presumed botulism. 
If only some of the criteria are met, physicians might categorize 
patients as having a medium likelihood of botulism and monitor 
them (Figures 1 and 2). Fulfillment of these criteria should not 
be considered diagnostic of botulism; patients with illnesses 
commonly confused with botulism, including myasthenia gravis 
and Guillain-Barré syndrome, might meet the criteria. During 
outbreaks, “worried well” persons (i.e., persons who have anxiety 
about becoming ill during an outbreak) who do not have objective 
signs or symptoms of botulism often seek care at hospitals for 
subjective symptoms (53). Because triaging these patients can be 
time consuming and delay treatment of other patients, a response 
to a large botulism outbreak requires managing numerous persons 
who seek hospital care but do not need treatment and educating 
the public about which signs and symptoms do not require a 
hospital visit.

Laboratory Testing
The critical initial treatment and management decisions 

for patients with suspected botulism must be made based on 
clinical findings. Botulinum antitoxin, the only specific therapy 
for botulism, should be administered as quickly as possible. 
Because laboratory confirmation can take several days, delaying 
administration of antitoxin to a patient with a high or medium 
likelihood of botulism while awaiting laboratory results can 
worsen the patient’s outcome (3,35,44,45).

Laboratory testing is performed to confirm clinically suspected 
cases, confirm that administered botulinum antitoxin contains 
neutralizing antibodies against the serotype of botulinum neurotoxin 
causing illness, and demonstrate (or confirm epidemiologic data) 
that botulinum neurotoxin is in the suspected food so the source 
can be safely removed and additional illnesses prevented. Botulism 
is confirmed in symptomatic persons by detecting one of the 
following: 1) botulinum neurotoxin in serum, stool, or gastric 
fluid; 2) botulinum neurotoxin–producing species of Clostridium 
(i.e., C. botulinum, C. baratii, or C. butyricum) in a stool or wound 
culture; or 3) botulinum neurotoxin in food consumed by a 
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TABLE 4. Signs and symptoms of botulism in adults with foodborne botulism, pregnant or postpartum women with botulism, and children 
and adolescents with any botulism syndrome, by frequency of signs or symptoms

Adults with foodborne or wound botulism* 
(N = 402)

Pregnant or postpartum women with botulism† 
(N = 17)

Children and adolescents with any botulism syndrome§ 
(N = 360)

Sign or symptom % Sign or symptom % Sign or symptom %

Dysphagia 59 Weakness or fatigue¶ 76 Dysphagia 52
Vomiting 42 Dry mouth 47 Dysarthria or dysphonia** 38
Diplopia 42 Shortness of breath†† 41 Weakness or fatigue¶ 36
Shortness of breath†† 39 Vomiting 41 Ophthalmoplegia§§ 32
Difficulty speaking** 39 Nausea 41 Diplopia 28
Ptosis 35 Diplopia 41 Ptosis 27
Blurry vision 33 Change in voice¶¶ 41 Vomiting 26
Subjective weakness 32 Blurred vision 35 Shortness of breath†† 26
Nausea 28 Dysphagia 29 Dilated pupils 26
Decreased oral secretions 25 Ophthalmoplegia§§ 29 Abnormally reactive pupils*** 22
Abnormally reactive pupils*** 24 Ptosis 29 Abdominal pain 20
Ophthalmoplegia§§ 24 Difficulty speaking** 29 Dry mouth 19
Abdominal pain 23 Descending paralysis 29 Afebrile 18
Dizziness 20 Abdominal pain 18 Constipation 17
Dilated pupils 20 Dizziness 18 Nausea 15
Change in voice¶¶ 16 Dilated pupils 18 Dizziness 14
Fatigue 11 Facial paralysis††† 12 Blurred vision 14
Thick tongue 11 Poorly reactive pupils*** 12 Apnea 12
Sore throat 10 Pupillary reflexes, decreased 6 Diminished gag reflex 11
Diarrhea 10 Altered mental status 6 Descending paralysis 10
Facial paralysis††† 8 Cranial nerve palsy unspecified 6 Sore throat 10
Neck weakness 8 Sore throat 6 Facial paralysis††† 10
Urinary retention 7 Areflexia 6 Urinary retention 7
Impaired gag reflex 7 Nystagmus 6 Hypotonia 6
Epigastric pain 4 Bladder distention 6 Altered mental status 3

 * Source: Chatham-Stephens K, Fleck-Derderian S, Johnson SD, Sobel J, Rao AK, Meaney-Delman D. Clinical features of foodborne and wound botulism: a systematic 
review of the literature, 1932–2015. Clin Infect Dis 2018;66(suppl_1):S11–6.

 † Source: Badell ML, Rimawi BH, Rao AK, Jamieson DJ, Rasmussen S, Meaney-Delman D. Botulism during pregnancy and the postpartum period: a systematic review. 
Clin Infect Dis 2018;66(suppl_1):S30–7.

 § Source: Griese SE, Kisselburgh HM, Bartenfeld MT, et al. Pediatric botulism and use of equine botulinum antitoxin in children: a systematic review. Clin Infect Dis 
2018;66(suppl_1):S17–29.

 ¶ Includes complaints of generalized weakness and malaise.
 ** Includes slurred speech, trouble speaking clearly, and dysarthria in all patients and also change in voice and weak cry in children.
 †† Includes difficulty breathing, respiratory distress, and dyspnea.
 §§ Includes extraocular palsy and cranial nerve 3, 4, or 6 palsies.
 ¶¶ Includes change in the sound of voice, such as hoarseness, nasal voice, or dysphonia, except in children, in whom it includes only difficulty speaking.
 *** Includes sluggish, poorly reactive, nonreactive, and fixed pupils.
 ††† Includes droop or weakness.

symptomatic person (3). Environmental testing is not conducted 
in investigations of foodborne botulism. Laboratory confirmation 
can only be performed by certain municipal and state public health 
laboratories and by CDC’s National Botulism Laboratory. Public 
health laboratories conduct free emergency specimen testing for 
possible botulism and provide detailed instructions on collection 
and shipment of appropriate specimens.

Types of Botulism Tests
The gold standard method for identifying botulinum 

neurotoxin, used in specialized public health laboratories, is 
the mouse bioassay (54). This method requires maintenance 
of mouse colonies and expertise in recognizing botulism signs 
in mice. Specimens are injected intraperitoneally into the mice 
with and without antitoxin; the mice are then observed for up 
to 96 hours by expert technicians for signs of botulism. Results 
might be available within 24 hours of receipt of the specimen 

by the laboratory if the botulinum neurotoxin level in the 
specimen is high; however, low levels of toxin that are sufficient 
to produce human illness might not produce signs in mice. 
The mouse bioassay is the only FDA-approved method for 
laboratory confirmation of botulism; however, other methods 
to detect and identify botulinum neurotoxin and botulinum 
neurotoxin–producing species of Clostridium can support a 
clinical diagnosis of botulism.

A real-time polymerase chain reaction (PCR) test, which 
is only available in reference laboratories, detects bont genes 
A–G and identifies botulinum neurotoxin–producing species 
of Clostridium in cultures. Because the PCR detects DNA and 
not the actual proteinaceous toxin, confirming that a strain 
produces toxin depends on using another method such as a 
mouse bioassay. The mass spectrometry method for detecting 
botulinum neurotoxin (Endopep-MS) is highly sensitive and 
specific and can differentiate among botulinum neurotoxin 
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FIGURE 1. Assessing patients with known or possible exposure to botulinum toxin in conventional and contingency settings*
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* When assessing the likelihood of botulism, consider clinical criteria and available epidemiologic data. Classify patients into a botulism likelihood category per the 
clinician’s judgement. Additional information on clinical criteria is available (Rao AK, Lin NH, Griese SE, Chatham-Stephens K, Badell ML, Sobel J. Clinical criteria to 
trigger suspicion for botulism: an evidence-based tool to facilitate timely recognition of suspected cases during sporadic events and outbreaks. Clin Infect Dis 
2017;66[suppl_1]:S38–S42).

serotypes A, B, E, and F within several hours (55). This method 
is only available at CDC and a limited number of other public 
health laboratories.

Laboratory confirmation of botulism is usually not possible 
in nonreference laboratories (e.g., hospital and clinical 
laboratories) because biochemical tests and mass spectrometry 
performed in most of these laboratories cannot detect 
botulinum neurotoxin or distinguish between botulinum 
neurotoxin–producing Clostridia and nontoxigenic organisms. 
Occasionally, CDC is notified that a nonreference laboratory 

has identified C. sporogenes or C. botulinum in a clinical 
specimen; subsequent testing at a reference laboratory usually 
identifies the organism as C. sporogenes, which does not produce 
botulinum neurotoxin (CDC, unpublished data, 2018).

Collection and Transportation of Specimens
Serum specimens must be collected before treatment with 

BAT because the treatment neutralizes botulinum toxin, and 
subsequent testing can misleadingly indicate the absence 
of toxin. Laboratory confirmation of botulism depends on 
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FIGURE 2. Assessing patients with known or possible exposure to botulinum toxin in crisis settings*
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trigger suspicion for botulism: an evidence-based tool to facilitate timely recognition of suspected cases during sporadic events and outbreaks. Clin Infect Dis 
2017;66[suppl_1]:S38–S42).

astute clinicians recognizing botulism signs and symptoms in 
patients, contacting state or local public health departments 
for an emergency expert clinical consultation (including 
discussion of laboratory testing), and ordering collection and 
rapid transport of appropriate specimens (Table 5; Box 2) 
(2,3,28). For laboratory confirmation of botulism, collecting 
clinical specimens as soon as botulism is suspected is essential 
to ensure that botulinum toxin, if present, is detected before 
it irreversibly binds within neurons and drops below the level 
that can be detected by the assay in serum, stool, or gastric 

fluid. For adults, enough whole blood should be collected 
without anticoagulant to yield 10–15 mL of serum (20–30 
mL whole blood); a smaller volume for children is acceptable, 
although 4 mL of serum is the minimum volume required for 
the mouse bioassay.

Although 10–20 g of stool should be collected, smaller amounts 
are sometimes sufficient; rectal swabs from infants or young 
children are acceptable. In constipated patients, stool specimens 
can be collected by performing an enema with (preferably) 
sterile nonbacteriostatic water and non–glycerin-containing 
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TABLE 5. Specimens for botulism laboratory confirmation, by specimen type and testing parameters

Specimen type Optimal amount

Test for 
botulinum 

toxin

Test for botulinum 
toxin–producing 
Clostridium species

Time from receipt of specimen by 
laboratory to test result* Additional information

Serum 5–15 mL 
(for children: 
4 mL)

Yes No Preliminary results for toxin in 24–48 
hrs, final results in 96 hrs.

• Collect before antitoxin treatment.†
• Blood sample must be collected without anticoagulant.

Stool 10–20 g Yes Yes Preliminary results for toxin in 
24–48 hrs, final results in 96 hrs; 
final results for Clostridium species 
might take 2–3 wks.

• If an enema is needed, use sterile, nonbacteriostatic 
water (not tap water) and non–glycerin-containing 
suppositories.

• Ideally, collect before antitoxin treatment; however, can 
obtain after antitoxin treatment.

Gastric aspirate 5–10 mL Yes Yes Preliminary results for toxin in 
24–48 hrs, final results in 96 hrs; 
final results for Clostridium species 
might take 2–3 wks.

• Collect before antitoxin treatment.†

Debrided 
tissue, wound 
swab sample, 
or anaerobic 
wound culture

No specific 
requirements

No Yes Final results for Clostridium species 
might take 2–3 wks.

• Broth is preferable to agar slants or plates.

Food suspected 
as source

10–20 g (or mL) Yes Yes Preliminary results for toxin in 24–48 
hrs, final results in 96 hrs; final 
results for Clostridium species 
might take 2–3 wks.

• Ideally, the entire food item should be submitted for testing.
• Keep foods in original containers; if not available, place 

in sterile unbreakable containers.
• Empty containers with remnants of suspected foods 

can be tested.

* Times are estimates; testing might take longer during an outbreak.
† Do not delay administration of antitoxin while attempting to obtain a specimen.

suppositories; tap water can interfere with laboratory testing 
and is not recommended. Stool may be collected after treatment 
with BAT because Clostridium organisms might still be present 
in stool even if toxin has been neutralized in the serum (17); 
BAT treatment should not be delayed to collect stool specimens. 
Suspect foods should be sent for laboratory testing in their original 
containers so laboratory experts can determine which parts of the 
food specimen should be tested. Even containers with dried or 
sparse amounts of food have yielded positive test results (CDC, 
unpublished data, 2016). If necessary, food can be sent in sterile, 
unbreakable containers. All clinical and food specimens should 
be immediately refrigerated (36°F–46°F [2°C–8°C]) and kept 
at this temperature while transported; specimens should not 
be frozen. Specimens from exposed but asymptomatic persons 
are not routinely tested because the toxin in their specimens is 
likely to be below the limit of detection of the mouse bioassay; 
rare exceptions include known exposures to high toxin levels in 
a research laboratory setting, in which clinical specimens can be 
obtained and BAT can be administered before illness onset.

Confirmation of botulism in a sporadic (single) patient is valuable 
because it eliminates alternative diagnoses and their treatments and 
provides a prognosis. In a substantial proportion of cases, test results 
are negative despite near certainty of the clinical diagnosis. This 

typically occurs because a delay in recognizing possible botulism 
leads to collection of clinical specimens later in illness, when levels of 
toxin in serum have fallen below the limit of detection of laboratory 
tests. In patients with wound botulism, botulinum neurotoxin–
producing species of Clostridium are not always detected in wound 
specimens, especially after administration of antibiotics.

Recommendations
• Treat patients with suspected, symptomatic botulism with 

botulinum antitoxin on the basis of clinical findings; do not 
await laboratory confirmation because results might take several 
days, and they can be negative in patients who have botulism. 
(For risks and benefits of BAT treatment, see Allergic Reactions 
and Other Side Effects of Botulinum Antitoxin.)

• Discuss specimen collection with the expert consultant 
from CDC or the local or state health department.

• Collect specimens for laboratory confirmation of the 
clinical diagnosis of botulism as soon as possible because 
toxin levels decrease over time (Table 5; Box 2). Obtain 
serum before BAT is administered.

• Store and transport specimens for botulism testing at 
refrigeration temperatures (36°F–46°F [2°C–8°C]); 
do not freeze.
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BOX 2. Specimen storage and shipping

• Specimens should be maintained at 36°F–46°F 
(2°C–8°C) and shipped with cold packs; do not freeze.

• Package must have proper labeling for biological 
hazards: UN 3373 biological substance, Category B.

• For specimens submitted to CDC for testing, follow 
these instructions:

 ű Include a completed CDC form 50.34 in the 
package (available at https://www.cdc.gov/
laboratory/specimen-submission/index.html).

 ű On CDC form 50.34, select test order CDC-
10132, Botulism Laboratory Confirmation. 
Include phone and fax numbers for the state health 
department and the hospital.

 ű Send package to:
      STAT (Attn: Botulism Lab, Unit 26)

      Centers for Disease Control and Prevention

      1600 Clifton Rd NE, Atlanta, GA 30329
 ű Contact CDC National Botulism Laboratory to 

provide a tracking number to CDC: https://www.
cdc.gov/laboratory/specimen-submission/detail.
html?CDCTestCode=CDC-10132

 ű Discuss with CDC consultant whether specimens 
from hospitals might need to be submitted through 
the local or state health department or state public 
health laboratory.

Monitoring Illness Progression in 
Patients with Botulism

Botulism causes progressive flaccid, descending paralysis 
that might result in respiratory compromise from upper 
airway collapse or respiratory muscle impairment (3). Patients 
with botulism should be monitored closely for neurologic, 
respiratory, and autonomic manifestations. Because of the 
potential for rapid clinical deterioration, frequent examination 
and other monitoring measures should be performed to allow 
prompt life-saving interventions.

Neurologic Monitoring
Botulism signs and symptoms occur in a typical order. Some 

patients initially have nausea and vomiting, then nearly all 
patients develop cranial nerve palsies (which might include 
respiratory compromise from upper airway compromise); some 
develop respiratory failure and paralysis of the extremities (14). A 
systematic review of 375 patients in the literature documented a 
range in the number of cranial nerve palsies recorded at hospital 

admission: 126 (34%) patients had one or two cranial nerve 
palsies, 119 (32%) patients had three or four, and 130 (35%) 
patients had five or more; 27 (7%) had no cranial nerve palsies 
noted (14). Paralysis can progress rapidly (14).

Respiratory Monitoring
Neuromuscular paralysis in patients with botulism can 

result in respiratory failure by affecting the muscles that 
prevent aspiration and maintain a patent upper airway, as 
well as those involved in respiration (e.g., the diaphragm). In 
a systematic review of 402 adults with botulism, 169 (42%) 
patients had respiratory compromise when admitted to the 
hospital, with either shortness of breath or dyspnea (50 [12%]) 
or respiratory distress or failure (119 [30%]) (14). Almost 
half (184 [46%]) later required intubation and mechanical 
ventilation. Approximately two thirds of patients who had 
respiratory involvement when admitted to the hospital had 
been ill for <48 hours. Among patients who required intubation 
(with data on hospital day of intubation), 87% required 
intubation in the first 2 hospital days. In a review of medical 
charts from 99 patients with confirmed botulism, shortness 
of breath was reported in 67 (68%) patients on the first or 
second day of hospitalization (CDC, unpublished data, 2016). 
In a systematic review of 17 pregnant patients with botulism, 
11 (69%) patients experienced respiratory failure requiring 
intubation and mechanical ventilation (30). Pregnant patients 
might be at increased risk for respiratory failure because of 
decreased functional residual lung capacity, diaphragmatic rise, 
increased oxygen consumption, and increased intra-abdominal 
pressure (56). In a systematic review of 360 children with 
botulism, 91 (25%) required mechanical ventilation (31). 
Adult, nonpregnant patients with botulism might require 
mechanical ventilation more frequently than children with 
botulism because of comorbid conditions such as chronic 
obstructive pulmonary disease and obesity.

No data are available to indicate whether certain clinical 
features among patients with botulism are associated with 
eventual intubation and mechanical ventilation. An analysis of 20 
patients with wound botulism found no statistically significant 
differences in the initial signs and symptoms of patients who 
developed respiratory failure and patients who did not (57). 
Nausea, vomiting, and any cranial nerve palsy with urinary 
retention or dysphagia were the signs and symptoms most 
predictive of respiratory failure in an analysis of 137 patients 
from a foodborne botulism outbreak in Thailand (58).

Because of the paucity of data regarding respiratory monitoring 
and clinical predictors of respiratory failure in patients with 
botulism, clinical practices from other neuromuscular disorders 
that can cause respiratory failure (e.g., myasthenia gravis 

https://www.cdc.gov/laboratory/specimen-submission/index.html
https://www.cdc.gov/laboratory/specimen-submission/index.html
https://www.cdc.gov/laboratory/specimen-submission/detail.html?CDCTestCode=CDC-10132
https://www.cdc.gov/laboratory/specimen-submission/detail.html?CDCTestCode=CDC-10132
https://www.cdc.gov/laboratory/specimen-submission/detail.html?CDCTestCode=CDC-10132
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and Guillain-Barré syndrome) might be used for respiratory 
monitoring of patients with botulism. Spirometry is an objective 
measure of respiratory muscle function that, along with physical 
examination, can help clinicians determine whether a patient 
needs intubation. For example, forced vital capacity (FVC) 
<20 mL/kg, maximum inspiratory pressure (i.e., negative 
inspiratory force) <30 cm H2O, and maximum expiratory 
pressure <40 cm H2O were each associated with the need for 
mechanical ventilation in Guillain-Barré syndrome patients (59).

Respiratory function also might be monitored using sniff nasal 
inspiratory pressure and the single breath count test. Sniff nasal 
inspiratory pressure testing, which evaluates diaphragm strength 
and inspiratory muscle function, involves occluding one nostril 
with a pressure-measuring device and inhaling sharply through 
the other nostril (60,61).Values greater than −70 cm H2O (males) 
or −60 cm H2O (females) might reflect the absence of clinically 
significant inspiratory muscle weakness; severe nasal congestion 
might cause falsely low values (62,63).The single breath count test 
involves taking a deep breath and then counting at a rate of two 
numbers per second for as long as possible while exhaling. A study 
of 31 patients with myasthenia gravis documented that the single 
breath count correlated with FVC, with each counted number equal 
to 116 mL of FVC; counting to ≥25 was proposed to correlate with 
normal respiratory muscle function (64). End-tidal carbon dioxide 
(EtCO2) monitoring, which is noninvasive and available in many 
hospitals, is an optional modality for monitoring early respiratory 
failure. Rising partial pressure of CO2 (pCO2) or EtCO2 strongly 
predicts the need for mechanical ventilation. Bulbar dysfunction 
is often a prominent feature of botulism and has been associated 
with the need for intubation and mechanical ventilation in patients 
with Guillain-Barré syndrome (59). Monitoring pulse oximetry and 
arterial blood gases might not be reliable early indicators of emerging 
respiratory failure in patients with botulism because hypoxia and 
hypercapnia might not develop until the later stages of respiratory 
failure, as documented in patients with other neuromuscular 
disorders in which gas diffusion is unimpaired, such as Guillain-
Barré syndrome (65–67).

Autonomic Function Monitoring
Botulinum neurotoxins can impair the postganglionic release 

of acetylcholine in the parasympathetic nervous system, causing 
unopposed stimulation of the sympathetic system (68,69). Case 
reports and series have noted features of dysautonomia (e.g., 
dry mouth, urinary retention, constipation, and orthostatic 
hypotension) in patients with botulism, usually in cases caused 
by toxin type B (70–73). Similarly, autonomic dysfunction 
is commonly reported in Guillain-Barré syndrome patients, 
with cardiac manifestations of dysautonomia, including sinus 
tachycardia or bradycardia, cardiac dysrhythmias, blood pressure 

lability, abnormal hemodynamic responses to medications, 
and nonspecific electrocardiogram changes (74–76). These 
manifestations have prompted some experts to recommend close 
monitoring of pulse and blood pressure in patients with Guillain-
Barré syndrome (77). Similar monitoring would therefore be 
reasonable for patients with botulism.

Recommendations
• Conduct frequent, serial neurologic examinations, with 

an emphasis on cranial nerve palsies, swallowing ability, 
respiratory status, and extremity strength.

• In settings of contingency and crisis standards of care, in which 
time is limited, focus examinations on signs and symptoms of 
early onset (Box 1). Consider brief, focused training in the 
emergency setting on the neurologic examination.

• When possible, have the same health care provider conduct 
the serial neurologic and other examinations.

• Adjust the frequency of neurologic and other examinations 
on the basis of signs and symptoms, with very frequent 
examinations for patients with rapid progression and for 
patients who have respiratory or bulbar symptoms but 
have not required intubation.

• Institute frequent, serial monitoring of respiratory and 
bulbar function. Serial measurements might be more 
helpful than a single measurement.

 ű Focus the respiratory examination on respiratory rate, 
lung field auscultation, and work of breathing, including 
use of accessory muscles of respiration, nasal flaring, and 
paradoxical breathing (78). 
1. Obtain serial objective data through spirometry, 

EtCO2 monitoring, blood gas analysis, or other tests. 
Patients with facial weakness might not achieve an 
adequate seal around the spirometer mouthpiece and 
so might require a mask device (78,79). If spirometry 
is not available, consider using the sniff nasal 
inspiratory pressure or the single breath count test.

2. Consider respiratory status in the context of neurologic 
status because paralysis can alter signs typically 
associated with respiratory distress. For example, facial 
paralysis can produce a placid expression that can 
obscure distress from respiratory insufficiency and also 
prevent nasal flaring, and diaphragmatic paralysis can 
result in paradoxical abdominal movement in which 
the abdomen moves inward during inspiration (80).

 ű Focus bulbar dysfunction examination on dysphagia, 
dysarthria, nasal voice, drooling, and impaired gag reflex 
(78). When feasible, consider assessing the patient’s 
swallowing ability to help determine whether the patient 
can safely consume liquids or solids (81).
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• Continuously monitor cardiac rhythm and frequently 
measure blood pressure.

• Frequently monitor for urinary retention, constipation or 
ileus, dry mouth, and dry eyes.

Treatment Considerations
Treatment involves supportive care, intubation and 

mechanical ventilation when necessary, and administration 
of equine-derived botulinum antitoxin. Botulism produces 
a protracted flaccid paralysis that lasts for weeks to months. 
Death in the acute state is typically the result of early respiratory 
failure; later in the course of illness, death is usually caused 
by complications from protracted intensive care, such as 
ventilator-associated pneumonia and deep vein thrombosis 
(DVT) (3). Timely administration of botulinum antitoxin 
mitigates the extent and severity of paralysis, including, in 
certain instances, prevention of progression to respiratory 
compromise, and in other instances, reduction of the duration 
of mechanical ventilation and intensive care (31,37,82,83).

Almost all patients with botulism can survive, even without 
antitoxin, if they receive supportive care, including mechanical 
ventilation, when required. This is reflected in the mortality 
trend for botulism. The case-fatality ratio approached 70% in 
the first half of the twentieth century, despite the availability 
of botulinum antitoxin then (82). Mortality rates decreased 
beginning in the 1940s and 1950s to their current rate of 
<5%, with improvement corresponding to the development 
of modern intensive care techniques, particularly mechanical 
ventilation (82). However, survival and recovery require 
prolonged use of intensive care resources, which might be 
limited in events with many patients with botulism.

Botulinum Antitoxin Treatment
Background

The only specific therapy for botulism is botulinum 
antitoxin. When administered early in the course of illness 
(within 48 hours of symptom onset and ideally within 
24 hours), botulinum antitoxin can stop the progression 
of paralysis and prevent respiratory compromise in certain 
patients. The antitoxin cannot reverse existing paralysis. The 
antitoxin is an equine-derived preparation of antibodies that 
bind and neutralize botulinum toxin in the bloodstream 
that has not yet irreversibly bound to synaptic receptors; the 
resulting antitoxin-toxin complex is cleared from circulation 
(29,37). Botulinum antitoxin is toxin type–specific (e.g., 
antitoxin to toxin type A neutralizes only toxin type A). 

BAT, the only botulinum antitoxin preparation available for 
treatment of noninfant botulism in the United States, is a 
mixture of antibodies to botulinum toxin types A, B, C, D, E, 
F, and G, licensed for the treatment of symptomatic botulism in 
adults and children (29,37,84). Antitoxin is stocked by CDC, 
and health care providers who identify an illness they suspect 
is botulism can contact the 24-hour CDC botulism consult 
service and request antitoxin if indicated (https://www.cdc.
gov/botulism/health-professional.html).

Recommendation
• Health care providers who suspect botulism on the basis 

of clinical symptoms should immediately call the 
emergency contact number of their local or state health 
department to arrange for an emergency clinical 
consultation and, when indicated, shipment of antitoxin 
(https://www.cdc.gov/botulism/health-professional.html).

Dose
The standard adult dose* is one vial, administered by 

intravenous infusion. The pediatric dose is based on weight.
The standard adult dose of BAT contains approximately 

107 IU of antitoxins A, B, C, and F; 106 IU of antitoxins D 
and E; and 600 units of antitoxin G (Table 6). These amounts 
exceed by one to two orders of magnitude (i.e., tenfold 

* The strength of botulinum antitoxin is quantified in terms of neutralization 
capacity, which reflects the amount of toxin that a dose of antitoxin can render 
inactive. The potency of botulinum toxin is quantified in units called the mouse 
intraperitoneal lethal dose50 (MIPLD50), the amount of toxin, specific for each 
serotype, required to kill one half of a group of mice injected intraperitoneally. 
The antitoxin’s neutralization capacity for each toxin type is the number of 
MIPLD50 that an amount of antitoxin (of that toxin type) can neutralize and 
is expressed in international units (IUs). One IU of antitoxin type A, B, C, D, 
or F neutralizes 10,000 MIPLD50 of the corresponding toxin; one IU of 
antitoxin type E neutralizes 1,000 MIPLD50 of toxin type E. The neutralizing 
IU for toxin type G has not been standardized.

TABLE 6. International units of antitoxin and neutralization capacity 
in one vial of botulinum antitoxin, by serotype*

Serotype

Antitoxin Neutralization capacity

IU per vial MIPLD50 per vial

A 4,500 4.5 × 107

B 3,300 3.3 × 107

C 3,000 3.0 × 107

D 600 6 × 106

E 5,100 5.1 × 106

F 3,000 3.0 × 107

G —† 6 × 106

Abbreviations: IU = international units; MIPLD50 = mouse intraperitoneal lethal dose50.
* The standard adult dose is one vial (Source: Botulism antitoxin heptavalent 

[A, B, C, D, E, F, G—equine] [package insert]. Gaithersburg, MD: Cangene 
Corporation [Emergent Biosolutions]; 2017. https://www.fda.gov/media/85514/
download).

† Six hundred units that are not recognized internationally.

https://www.cdc.gov/botulism/health-professional.html
https://www.cdc.gov/botulism/health-professional.html
https://www.cdc.gov/botulism/health-professional.html
https://www.fda.gov/media/85514/download
https://www.fda.gov/media/85514/download
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to 100-fold greater) the amount of toxin types A, B, or E 
documented in the serum of virtually every botulism patient 
in whom the toxin level has been quantified. A theoretical 
possibility exists that the neutralizing capacity of BAT could 
be exceeded by circulating toxin levels in a patient exposed to 
an extremely high toxin load in naturally occurring disease; the 
circulating toxin level that might be attained in an intentional 
contamination event is not known.

Allergic Reactions and Other Side Effects 
of Botulinum Antitoxin

Background
BAT contains purified antibodies from the serum of horses 

immunized with botulinum toxoids and toxins. As concentrated 
preparations of foreign proteins, they can elicit immune reactions, 
including anaphylaxis, in human recipients. Despeciation and 
other processes used in producing modern equine antitoxin might 
reduce but do not eliminate the risk for allergic reactions. Data on 
BAT indicate an anaphylaxis rate of <2%; a similar frequency was 
calculated for previously used formulations (29,31,37,85). Among 
249 patients treated with BAT in one analysis, the only serious 
adverse event occurred in a child who experienced hemodynamic 
instability, including asystole, and recovered; other allergic reactions, 
typically rash, were noted in six patients and were without sequelae 
(37). Skin testing before antitoxin administration, once universally 
recommended, is no longer recommended. Skin testing requires 
specialized training, is cumbersome and time consuming, and is 
likely to have a low positive predictive value (29,37). Serum sickness 
has been reported among antitoxin recipients; the frequency is not 
well established (37).

Recommendations
• Do not routinely perform skin testing for sensitivity before 

BAT administration.
• Ensure that epinephrine and antihistamine treatments are 

available for all patients receiving BAT. Caregivers capable 
of identifying and responding to anaphylaxis should 
observe patients during antitoxin administration.

Guiding Principles of Antitoxin Treatment
Administration of botulinum antitoxin early in the course of 

illness decreases mortality, duration of treatment in the intensive 
care unit, and duration of hospitalization (27,31,37,82,83). A 
systematic review and meta-analysis of data during 1923–2016 
indicated that overall, antitoxin reduced mortality (odds ratio 
[OR] = 0.22; 95% confidence interval [CI] =  0.17–0.29), 
with the greatest reduction associated with treatment of 
botulism type E (OR = 0.13; 95% CI = 0.06–0.30), followed 

by botulism type A (OR = 0.57; 95% CI =  0.39–0.84). 
Reduction in mortality was not statistically significant for 
type B botulism (OR = 0.74; 95% CI = 0.27–1.97), possibly 
because this toxin type causes milder disease. These findings 
are driven by data from patients treated with anti-ABE trivalent 
antitoxin, which, when administered for botulism types A, B 
or E, significantly reduced overall mortality (OR = 0.13; 95% 
CI = 0.04–0.38) (82).

A systematic review of botulism in children found 
that antitoxin administration (multiple formulations 
over many decades) significantly reduced mortality 
(relative risk [RR] = 0.65; 95% CI = 0.53–0.80; p<0.001). 
When evaluated by age group, patients aged 1 to <5 years 
(RR = 0.43; 95% CI = 0.20–0.93; p = 0.007) and aged 5 to 
<9 years (RR = 0.52; 95% CI = 0.33–0.82; p<0.001) who 
received antitoxin had significantly decreased relative risk for 
death. The relative risk of the remaining age groups followed 
a similar trend (31). Although a systematic review of 17 cases 
of botulism in pregnant women did not find a significant 
association between antitoxin administration or early antitoxin 
administration and improved outcome, the trend observed 
suggested such a relation (30).

Timing of Botulinum Antitoxin 
Administration

Administration of Antitoxin Early in the Course 
of Illness

Among 104 patients with confirmed botulism treated with 
BAT, those treated within 2 days after illness onset spent fewer 
days in the hospital (median: 15 versus 25 days; p<0.01) and 
in the intensive care unit (10 versus 17 days; p = 0.04) than 
those treated later (37). A systematic review and meta-analysis 
reported similar findings from reports published over nearly a 
century and entailing the use of various antitoxin formulations 
(82). One study from 1984 reported that among 132 patients 
with type A botulism, those who had received trivalent anti-
ABE equine antitoxin had a lower fatality rate and a shorter 
course of illness than those who did not receive antitoxin, 
controlling for age and incubation period. Patients who 
received antitoxin within 24 hours after symptom onset had 
a shorter course but similar fatality rate as those who received 
antitoxin later (83). Another study from 2006 reported on a 
subset of 18 severely ill patients from a large botulism type A 
outbreak in Thailand. In this subset, patients who received 
antitoxin on day 4 of illness onset had significantly shorter 
duration of ventilator dependence than those receiving it on 
day 6 (86).
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Recommendation
• Administer botulinum antitoxin to patients with suspected 

botulism as early as possible in the course of illness. The 
greatest benefit accrues to those who receive it within the 
first 2 days of illness onset.

Administration of Antitoxin Later in the Course 
of Illness

Neutralizing any circulating toxin should be beneficial. Available 
evidence does not indicate a point in the course of illness beyond 
which antitoxin administration provides no benefit (82). One 
study found that for 309 foodborne botulism cases, toxin was 
detected in approximately 20% of serum specimens collected 
beyond the sixth day of illness (17). However, toxin was detected in 
the circulation of one foodborne botulism patient 12 days after and 
in another 25 days after symptom onset (44). Because paralysis that 
continues to progress indicates that toxin is still circulating, such 
patients should receive antitoxin to protect unaffected muscles, 
regardless of the number of days after illness onset. Because current 
tests to identify toxin in patient serum take several days, treatment 
decisions should not be delayed in anticipation of test results. 
Antitoxin does not reverse paralysis. Recovery from paralysis takes 
weeks to months, even after antitoxin administration.

Recommendations
• Patients with suspected botulism whose symptoms or signs 

(e.g., paralysis) are progressing should be treated with BAT 
regardless of the time that has elapsed since symptom onset.

• Patients with suspected botulism whose symptoms and 
signs are not progressing and who have no remaining 
voluntary muscle function are less likely to benefit from 
antitoxin treatment, especially if >7 days have passed since 
symptom onset, because toxin is infrequently detected 
beyond this point of illness.

Characteristics of Patients and Success of 
Antitoxin Administration

Background
No available evidence indicates that any particular patient 

characteristic (e.g., age, sex, or preexisting health conditions) predicts 
better outcome from antitoxin administration (82). One report 
found that among 132 patients with botulism type A, the reduction 
in fatality rate and duration of illness associated with antitoxin 
administration persisted after controlling for age (83). General 
principles of respiratory care suggest that patients with preexisting 
respiratory conditions (e.g., obstructive or restrictive lung disease) 
or physiologic or anatomic conditions (e.g., pregnancy, obesity, and 
chest wall malformation) might have a higher risk for respiratory 

compromise than the general population. Earlier administration of 
antitoxin to such patients theoretically might have more impact in 
preventing respiratory failure.

Recommendation
• Patients with suspected botulism should be treated with 

BAT regardless of underlying medical conditions or age, 
sex, or other demographic characteristics.

Retreatment of Adults
Background

Retreatment for a single exposure to botulinum toxin, which 
would imply circulating toxin levels exceeding the antitoxin’s 
neutralizing capacity, is not described in the modern published 
literature. Toxin circulation has been reported in untreated 
patients 12 days and 25 days after exposure (44). Such 
persistent presence of toxin from a single exposure suggests 
an extremely high exposure dose and initial circulating level, 
very slow absorption of ingested toxin, or development of a 
botulinum toxin–producing colony of C. botulinum in the 
patient’s intestine after ingestion of a food contaminated both 
with spores and toxin. Cases such as this are exceedingly rare.

Antitoxin prevents progression of paralysis; antitoxin 
administration is not followed immediately by reversal of 
paralysis already present at the time of administration. In an 
outbreak or another situation in which the clinical diagnosis 
of botulism is certain, progressive neurologic illness >24 hours 
after treatment suggests a circulating toxin level exceeding the 
neutralization capacity of administered antitoxin. In a person 
with a suspected sporadic (single) case, especially with atypical 
features or other circumstances associated with less diagnostic 
confidence, progression of paralysis despite antitoxin treatment 
should increase consideration of alternative diagnoses. Under 
unusual circumstances, such as documented exposure to high 
levels of toxin (e.g., unusually high toxin content in food or 
atypically high toxin levels in patients’ circulation), public health 
officials could recommend increasing or repeating the antitoxin 
treatment. However, because toxin quantification is not routinely 
performed, such information is unlikely to be available.

The half-life (t1/2) in patients’ circulation of the seven 
antitoxin types in one vial ranges from 7.5 to 34 hours (84). 
Theoretically, a shorter half-life might result in reduced 
neutralization of toxin that is being absorbed from the gut into 
the circulation over time. In the highly rare instance in which 
it is clinically indicated, a second dose of BAT given within 
2 weeks is unlikely to result in a hypersensitivity reaction related 
to sensitization caused by the first dose because it usually takes 
longer for the immune system to respond to a new antigen (29). 
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Older formulations of botulinum antitoxins had longer half-
lives than BAT (84,87).

Recommendations
• Do not give patients with suspected botulism a second 

dose of BAT unless progression of paralysis clearly 
continues after the initial dose should have taken effect 
and suspicion for botulism is high.

• If neurologic signs progress for >1 day after administration 
of one vial of BAT, consider diagnoses other than botulism.

Infants and Children
Infant Botulism Syndrome

The syndrome known as infant botulism is an exceedingly 
rare and sporadic disease caused by colonization of the intestine 
by Clostridia and in situ toxin production. A single case of 
suspected botulism in an infant is usually presumed to be infant 
botulism. These guidelines do not address the syndrome of 
infant botulism, for which the indicated treatment is human-
origin anti-A, anti-B botulinum antitoxin (BabyBIG), available 
after consultation from the California Department of Public 
Health Infant Botulism Treatment and Prevention Program. 
Infant botulism syndrome caused by other toxin types may 
be treated with BAT (88). However, infants can be affected 
by toxin that they ingest. If an infant is affected as part of a 
group of botulism cases, the infant has likely been exposed to 
a toxin from food or the environment, and the illness is likely 
to be botulism in an infant rather than the syndrome of infant 
botulism. In such circumstances, the infant should receive BAT 
and be treated using these guidelines.

Dose
The FDA-approved BAT dose for infants (persons aged <1 year) 

is 10% of the adult dose, regardless of weight. The BAT dose for 
children (persons aged 1–16 years) is 20%–100% of the adult dose, 
according to 10 weight-based categories (84). These doses were 
derived using the Salisbury rule, which is a method of calculating 
weight-based brackets for dosing in children (89): for children who 
weigh <66 lb (30 kg), double the body weight to determine the 
percentage of the adult dose to use; for children who weigh >66 lb 
(30 kg), add 66 lb (30 kg) to the body weight to determine the 
percentage of the adult dose to use. However, weight-based dosing 
might not provide a dose of sufficient neutralizing capacity in a child.

Botulinum antitoxin acts by neutralizing toxin in the circulation 
not yet bound to synaptic nerve endings. Therefore, the amount of 
toxin in circulation is not proportional to the patient’s weight and 
instead reflects the dose of toxin ingested. The dose ingested might 
not be proportional to the volume of food consumed because the 
distribution of toxin in a food can vary widely. The absolute amount 

of botulinum toxin in a child might be no different from, but could 
also be greater than, the amount in an adult who ate the same 
contaminated food. Therefore, the amount of neutralizing antitoxin 
required needs to be proportional to the amount of toxin present 
and could result in the same (or greater) dose than for an adult.

Treatment of pediatric botulism without regard to body weight 
has been reported in one publication, which documented that 
12 patients aged 4–61 years in Sichuan Province, China, all 
received 100,000 units of antitoxin, with no adjustment of dose 
for age or weight. Although no data were reported on severity of 
morbidity or outcome by age, the length of stay in the hospital 
ranged from 5 to 19 days (median: 8 days), with no deaths (90). 
Several other case reports involving children have been published 
but without specific data on dosing regimen.

As noted in the sections pertaining to botulinum antitoxin 
treatment of adults, if a child needs a second dose of BAT 
(a situation that is highly unusual and is clinically indicated 
by progression of paralysis >24 hours after administration of 
a first dose of antitoxin, with high confidence in the diagnosis 
of botulism), the dose is unlikely to result in a hypersensitivity 
reaction because of sensitization caused by the first dose. The 
immune system takes weeks to complete the humoral immune 
response after introduction of antigen; therefore, an allergic 
reaction to a second dose within a period of up to 2 weeks 
would be unlikely (29).

Key Point for Clinicians
• Although weight-based dosing of BAT is advised in the package 

insert, evidence is lacking to suggest this method is more 
effective than dosing based on toxin load or that adverse 
reactions are dose related. Children who have ingested a large 
amount of toxin might require more antitoxin than is indicated 
by the weight-based dose described in the BAT package insert.

Recommendation
• Children suspected of having foodborne botulism and 

treated with BAT according to the weight-based dose 
described in the package insert should be monitored closely 
for worsening paralysis. When confidence in the diagnosis 
of botulism is substantial, a lack of response to the 
treatment might indicate that the dose was insufficient, 
and retreatment should be considered.

Pregnant Women
Background

A systematic review assessed 17 cases of botulism among 
pregnant women treated with antitoxin. No antitoxin-related 
complications were reported in the patients or their fetuses. 
Although statistical testing of the therapeutic effects of 
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antitoxin administration was not performed because of the 
small number of cases, descriptive findings suggested that, as 
in nonpregnant patients, antitoxin improved outcomes when 
administered early (30).

General principles of respiratory care suggest that preexisting 
respiratory diseases (e.g., obstructive or restrictive lung disease) 
or physiologic or anatomic conditions (e.g., pregnancy, obesity, 
and chest wall malformation) might increase the risk for 
respiratory compromise in patients with botulism compared 
with those in the general population. Earlier antitoxin 
administration might help prevent respiratory failure in these 
patients.

Recommendation
• Pregnant women with suspected foodborne botulism 

should be treated with BAT in the same manner as 
nonpregnant patients.

Antitoxin Shortages
Background

The U.S. government has a large stock of BAT. Vials are 
stored in facilities of the Strategic National Stockpile in 
readiness for immediate shipment (3). A temporary shortage 
might occur at a clinical facility treating patients because of 
the time required for shipment and distribution. Theoretically, 
a shortage could occur during a very large outbreak in which 
cases exceed the doses in the national stockpile. Depending 
on the severity of shortage, contingency or crisis standards of 
care might apply to the antitoxin supply.

Under conditions without resource restrictions, BAT is 
typically administered to patients with progressing signs of 
botulism; the risks from BAT administration in a carefully 
monitored setting with readily available intensive care are quite 
low, and the benefits of preventing progression of paralysis are 
substantial (29,37). Antitoxin should not be administered to 
asymptomatic patients. In settings requiring contingency or 
crisis standards of care because of a BAT shortage, increasingly 
restrictive criteria are applied to identify the patients more 
likely to benefit from antitoxin administration. Available 
data do not provide unequivocal clinical characteristics or 
features that identify patients more likely to benefit from 
antitoxin treatment. However, certain considerations might 
assist physicians in making antitoxin administration decisions 
during an antitoxin shortage.

The overarching objective of antitoxin treatment is to 
prevent respiratory failure, the principal cause of death in the 
early stages of botulism. Treating respiratory failure requires 
intubation and mechanical ventilation, with its attendant risks 
and complications, as well as resources for protracted intensive 

care and hospitalization. These steps might in turn create or 
exacerbate shortages of ventilators and other resources. Thus, 
when there is a shortage of ventilators, antitoxin should be used 
in a way that minimizes the occurrence of respiratory failure 
(i.e., administration of antitoxin to patients who do not yet 
require intubation but whose illness might still be progressing).

Early administration of botulinum antitoxin (≤2 days 
from symptom onset) reduces overall death and duration of 
hospitalization. Among patients who have not experienced 
respiratory failure, data are insufficient to indicate with certainty 
those who will benefit most from antitoxin treatment. Some 
patients with mild symptoms will not progress to experiencing 
respiratory compromise even without treatment, and some 
patients with rapidly progressing botulism, even when treated 
with antitoxin on the first day of symptoms, nevertheless require 
intubation and mechanical ventilation (38).

Staff should conduct frequent, focused neurologic examinations 
of patients who do not need intubation to identify those whose 
signs and symptoms are progressing and who are at greater risk for 
respiratory failure (see Monitoring Illness Progression in Patients 
with Botulism). Patients whose signs and symptoms progress 
rapidly (over hours) are likely at highest risk. However, factors 
associated with respiratory failure among patients who received 
prompt treatment with antitoxin are not known, nor is which 
patients would have required intubation had they not received 
antitoxin. Also unknown is whether antitoxin administered to 
patients whose neurologic findings are progressing decreases the 
duration of mechanical ventilation.

The standard adult dose of BAT (one vial) contains sufficient 
amounts of antitoxin types A, B, C, E, and F to neutralize 
approximately 100-fold the measured serum toxin level for 
virtually all patients with botulism type A, B, or E in whom 
circulating botulinum toxin levels have been quantified and 
sufficient antitoxin of types D and G to neutralize approximately 
tenfold the measured serum toxin level. These figures suggest 
that the standard adult dose of BAT could reasonably be divided 
among two or more patients during a shortage while maintaining 
an acceptable excess of neutralization capacity. However, there 
is no known limit to the dose of botulinum toxin that can be 
ingested, nor is there a known maximum serum level that can 
be attained in persons who have botulism from unintentional 
exposure or from a deliberate contamination event.

Ethical decision-making on the allocation of scarce resources 
during a shortage is not limited to using resources in the manner 
that is most clinically appropriate. This type of decision-making 
requires incorporating principles of fairness and equity, meaning 
that all persons equally likely to benefit from therapy have a 
similar chance of receiving treatment. Allocation schemes should 
take into account community preferences. For example, in some 
communities or cultures, children are considered a privileged, or 
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priority, group. During a shortage emergency, new procedures 
that incorporate clinical criteria, standards of fairness, equity, 
and community preferences for allocation of antitoxin cannot 
be satisfactorily established. Allocation approaches and criteria 
should be developed as part of emergency planning, using a 
deliberate, transparent process that incorporates the full range of 
stakeholders, including those who can articulate the preferences 
of the community.

Key Points for Clinicians
• Carefully assessing history of illness and monitoring 

patients to identify those at greatest risk for progress to 
respiratory arrest might help in decision-making.

• Patients who do not require intubation but have 
progressing signs and symptoms are at highest risk for 
developing respiratory compromise.

• Patients who do not require intubation, do not have respiratory 
compromise, and are reliably observed to have stable 
(nonprogressing) signs or symptoms might be considered to 
be at less risk for developing respiratory compromise.

• Patients who do not require intubation but have 
progressing signs or symptoms are likely to receive some 
benefit from antitoxin administration.

• Limited data indicate that patients who seek care >7 days 
after illness onset are less likely to have botulinum toxin 
in circulation.

• No demographic criteria can be used to definitely identify 
patients with botulism who are more likely to benefit from 
antitoxin treatment.

Recommendation
• Proactively develop an approach to handle BAT shortages 

as part of an emergency planning process that incorporates 
the full range of stakeholders, including local communities.

Treatments Other than Botulinum 
Antitoxin

A meta-analysis found no evidence for effectiveness of any 
specific treatment other than botulinum antitoxin to date (82). 
Research is ongoing for certain modalities addressed in this section.

Activated Charcoal, Polyethylene Glycol, 
Cholinergic Agonists, and Plasmapheresis

No data exist on the effectiveness of activated charcoal in 
the treatment of humans with botulism. A study in mice 
showed that adding activated charcoal to botulinum toxin 
injected intraperitoneally provided full protection from signs 

and death (91). However, oral administration of activated 
charcoal in humans might be associated with complications. 
For example, aspiration and resultant pneumonitis could occur 
among patients with decreased gag or swallow reflexes (92), and 
activated charcoal in the gut might complicate the management 
of ileus. Although polyethylene glycol preparations have been 
proposed to speed efflux of toxin from the gut, no evidence of 
benefit exists (93). Cholinergic agonists such as guanidine and 
3,4-diaminopuridine have been used in attempts to stimulate 
acetylcholine release because they have been used in the 
treatment of other neuromuscular illnesses, with apparently 
transient effects (94–101). Patients have also been treated with 
plasmapheresis, with no clear benefit (102).

Antimicrobials
Antimicrobials do not provide any benefit in treatment 

of botulism (82). Theoretical concerns have been raised 
concerning increased botulinum toxin release from lysed 
Clostridia organisms after antimicrobial treatment (103). 
Wound botulism is caused by clostridial colonization of an 
anaerobic wound, treatment of which is generally centered 
on debridement (3); treatment should address each patient’s 
clinical situation.

Aminoglycosides act in vitro as neuromuscular blocking 
agents (NMBAs) and aggravate botulism anecdotally in several 
animal species and in humans with infant botulism (104–106). 
In addition, aminoglycosides have been reported as an aid for 
diagnosing botulism in mouse models (104). The neuromuscular 
blocking potency is highest with neomycin and decreases 
sequentially with gentamicin, streptomycin, kanamycin, 
amikacin, and tobramycin (107). The effect is more likely to 
occur with serosal administration (e.g., intraperitoneal) but 
has been reported by all routes and with a higher incidence in 
patients also receiving anesthetics, NMBAs, or both, and with 
massive transfusions of citrated blood (108). The suggested 
mechanism of action is a reduction in presynaptic calcium uptake 
and acetylcholine release similar to that caused by magnesium, 
as well as postsynaptic binding. This has been postulated to be 
reversible with calcium salts, although possible calcium toxicity 
from such treatment is a concern (108).

Medications that Should Be Used 
with Caution

Most of the following agents are thought to pose theoretical 
risks to patients with botulism. (Substantive evidence exists for 
the risk associated with aminoglycosides.)
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Antimicrobials
Concerns exist about the ability of clindamycin to block 

acetylcholine release, and its action might work together with 
that of aminoglycosides (103,109). Theoretical concerns exist 
regarding penicillins increasing toxin load through cell lysis and 
with tetracycline through chelation of calcium (109). However, 
avoiding the use of these agents in a patient with a comorbid 
infection must be weighed against the benefits of treating the 
comorbid condition. Patients with botulism who are being 
treated with antimicrobial agents should be observed for clinical 
deterioration that could be related to receiving the antibiotic.

Magnesium, Calcium, and Monoamine 
Oxidase Inhibitors 

Magnesium, a competitive inhibitor of presynaptic calcium-
dependent acetylcholine release, produces dose-dependent skeletal 
muscle paralysis and prolongs paralysis from NMBAs and diseases 
such as myasthenia gravis (110). In a cattle study, calcium infusions 
were reported to increase paralysis and dissemination of botulinum 
toxin (111). Calcium-channel blockers (e.g., verapamil, nifedipine, 
and diltiazem) can interact with aminoglycosides to produce 
complete neuromuscular blockade among patients who do not 
have botulism and theoretically should be avoided on the basis 
of this interaction (112,113). A single report has been published 
of pretreatment of mice with the monoamine oxidase inhibitor 
pargyline resulting in rapid botulism-induced death (114).

Neuromuscular Blocking Agents
Any agent that can cause paralysis, including NMBAs, should 

either be avoided or be used after careful consideration and with 
appropriate monitoring. The NMBA succinylcholine induces 
sustained depolarization of motor endplate at the myoneuronal 
junction. The nondepolarizing NMBAs, such as rocuronium, 
vecuronium, and pancuronium, block acetylcholine from 
binding to motor endplate receptors.

Key Points for Clinicians
• Patients with suspected, symptomatic botulism should be 

treated with BAT and receive supportive care (e.g., 
intensive care including intubation and mechanical 
ventilation when necessary).

• Evidence does not indicate benefit from any treatment 
modalities other than antitoxin, although data are limited.

Recommendation
• Aminoglycosides, magnesium, clindamycin, tetracycline, or 

calcium should only be administered to patients with botulism 
after careful consideration and with appropriate monitoring.

Botulism, Antitoxin, and Breast Milk
Background

Three botulism cases have been reported in breastfeeding 
women, prompting questions about whether such breast milk 
can be safely fed to infants. Whether botulinum toxin enters 
breast milk is not known; this issue has not been systematically 
researched. Many factors influence whether a compound is 
transferred from serum to breast milk (e.g., molecular weight 
and lipid solubility) (115). Medications with a molecular 
weight >800 daltons are less likely to achieve clinically relevant 
levels in breast milk than smaller compounds (115). The 
molecular weight of botulinum toxin (150,000 daltons) might 
prevent its passage into breast milk (116).

The three breastfeeding women who breastfed their children while 
ill with botulism are briefly described in the literature. One mother 
with severe type A foodborne botulism breastfed her infant aged 
8 months while acutely ill with cranial nerve palsies, weakness, and 
shortness of breath that required intubation and respiratory support 
for 2 weeks (117,118). Neither C. botulinum nor botulinum toxin 
were identified in her breastmilk, which was obtained for testing 
on the third day of her illness, 4 hours after she received trivalent 
ABE botulinum antitoxin. The infant was reportedly breastfed 
throughout the mother’s illness, including before the mother 
received antitoxin, and did not develop any signs or symptoms of 
botulism. The infant did not receive antitoxin, C. botulinum was 
not identified in the infant’s stool, and botulinum toxin was not 
identified in the infant’s stool or serum collected on the third day of 
the mother’s illness. Another study involved an infant aged 2 months 
who breastfed while the mother was acutely ill with botulism (119). 
The mother was reported to have died from type A botulism; 
however, the signs and symptoms she experienced were not specified. 
The infant did not develop any signs or symptoms of botulism. The 
study did not specify whether the infant received testing. Another 
infant aged 2 months breastfed without becoming symptomatic 
while the mother was acutely ill with type B botulism (120). The 
mother had cranial nerve palsies and generalized weakness and 
required a tracheostomy. The infant received antitoxin (timing of 
antitoxin not specified) and remained asymptomatic. The study 
did not specify whether the infant received testing.

The BAT package insert states that no data are available to assess 
the presence or absence of BAT in human milk, the effects on 
breastfed children, or the effects on milk production or excretion 
(84). BAT’s molecular weight (150,000 daltons) might prevent 
BAT from entering breast milk (84). Few infants have received BAT. 
One study found that an infant aged 10 days was treated with BAT 
without any known adverse events, and another study found that 
a neonate developed a low-grade fever within 1 hour of receiving 
BAT that continued intermittently for 72 hours (37,121).
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Recommendations
• Treat breastfeeding women in accordance with 

recommendations in the treatment section of these 
guidelines (see Treatment Considerations).

• If the mother continues to breastfeed, monitor the infant 
closely for signs and symptoms of botulism and for adverse 
events from BAT.

• Although the risk for acquiring botulism from the breast milk 
of mothers who have botulism and do not receive antitoxin 
treatment is unknown, clinicians and family members should 
be aware that botulism is a life-threatening illness and that the 
delay between a request for antitoxin to administration of the 
antitoxin is typically 1–2 days. Interruption of breastfeeding 
for this period would have minor to no consequences for the 
child but could affect maternal milk supply and lead to a serious 
breast infection. If the decision is made to temporarily stop 
breastfeeding, the mother should express her milk and throw 
it away until administration of the antitoxin. This should be 
done with support from a lactation specialist.

Critical Care: Considerations 
During Shortages

With adequate critical care, especially intubation and 
mechanical ventilation when needed, almost all patients with 
botulism survive and eventually fully recover, even without 
receiving antitoxin. Clinicians should proactively manage and 
prioritize critical care to avoid shortages. Thorough planning can 
be used to anticipate several measures that, when implemented 
promptly during an outbreak, can help prevent or reduce critical 
care shortages. When a botulism outbreak is recognized, the extent 
of the outbreak should guide the mobilization of local, regional, 
and federal assets as quickly as possible on an appropriate scale. 
This might include early transfer of supplies and equipment (e.g., 
intubation supplies, bag-mask combinations, ventilators, sedatives, 
anesthesia machines, and transport ventilators) from regional or 
federal sources to the treating medical facilities. Because botulism 
is not contagious and patients are usually hemodynamically 
stable, moving patients to facilities with adequate resources 
might be critical during a large outbreak; proactive mobilization 
of transportation resources in such circumstances is important.

Supportive Care
Because generalized paralysis can require prolonged 

intubation and mechanical ventilation, many patients 
are hospitalized for weeks to months and might be at 
risk for adverse events that complicate their care. Various 
recommendations and guidelines are available to help prevent 

serious complications such as catheter-associated urinary tract 
infections, pressure ulcers, DVT, and ventilator-associated 
pneumonias (122–124). Because of the similarities between 
Guillain-Barré syndrome and botulism, experience with 
caring for patients who have this more common disease might 
be helpful. Several reports highlight major issues that can 
complicate Guillain-Barré syndrome and multidisciplinary 
approaches to prevent them (77).

Because the complications of prolonged paralysis are well 
known to clinicians and general guidelines are available to help 
prevent complications, these guidelines focus on issues that might 
be unique to patients with botulism or that require additional 
attention. Because botulinum toxin is unlikely to cross the blood-
brain barrier in humans, the toxin does not exert any direct effect 
on the central nervous system (116). Patients with botulism 
are typically alert and have no cognitive deficits unless they are 
hypoxic, are intoxicated from alcohol or illicit drugs (e.g., black 
tar heroin), are receiving sedatives, or have a secondary process 
resulting in decreased cognition. Facial paralysis, ophthalmoplegia, 
slurred speech, and inability to respond to requests because of 
muscle weakness might lead persons to think the patient has 
altered mental status or is comatose, although they actually are 
alert, aware, and listening and comprehending. The importance 
of understanding that patients with botulism are typically awake 
and alert despite their appearance is highlighted by one patient’s 
description of being unable to communicate with her health 
care providers initially and undergoing painful procedures (e.g., 
EMG and NCS) with no explanation from clinicians (125). One 
study systematically reviewed communication methods among 
conscious, critically ill patients who were receiving mechanical 
ventilation and provided an algorithm that might be used to 
optimize communication (126).

Patients with botulism and their families experience emotional 
distress because of the life-threatening nature of botulism, the 
unpredictable prognosis of the condition, the need for multiple 
medical procedures, and communication difficulties (127). 
Psychosocial support services have been associated with a 
reduction in feelings of helplessness and anxiety among patients 
and family members by the second week of hospitalization. 
Clinicians who have cared for patients with botulism have 
reported that music, massage therapy, and reading aloud were 
often beneficial to their patients (CDC, unpublished data, 
2016). Patients with botulism often have autonomic dysfunction 
because of impairments in the parasympathetic nervous system, 
resulting in dry eyes, dry mouth, urinary retention, and ileus 
(70,72). However, anecdotal reports from a 2015 Ohio botulism 
outbreak linked to potato salad indicated that patients reported 
copious oral secretions, perhaps because of dysphagia and the 
decreased ability to swallow oral secretions (CDC, unpublished 
data, 2016).
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Recommendations
• Inform staff members that patients with botulism are 

typically cognitively intact.
• Establish a system to enable communication between the 

patient and health care providers. Explain procedures 
before performing them.

• Provide meticulous attention to bladder and bowel care 
and the prevention of complications, such as urinary tract 
infections, DVT, and pressure ulcers.

• Assess patients for anxiety and depression and provide 
psychological support as needed.

• Institute speech, physical, and occupational therapy as 
soon as possible.

• Consider music and massage therapy and asking family 
members or staff members to read aloud to the patient.

• Evaluate for and treat dry eyes and dry mouth; anticipate 
the possibility of copious oral secretions.

• Educate family members about botulism, and provide 
information about supportive care, treatment, and 
prognosis. Discuss psychosocial support resources that 
might be available to family members, and consider 
instituting support groups if multiple patients are 
hospitalized in the same facility or in nearby facilities.

Conclusion
The systematic reviews and discussions during the forums 

and workshop identified evidence gaps in the diagnosis, 
monitoring, and treatment of patients with botulism. For 
clinical diagnosis, identification of clinical features that 
increase the sensitivity and specificity of clinical diagnosis 
could facilitate treatment decisions and clinical management. 
For laboratory diagnosis, the number of days that botulinum 
neurotoxin persists in the serum of the average patient with 
botulism is not well established. Better data on the persistence 
of toxin in serum would help ensure laboratory testing is 
conducted when warranted. Regarding monitoring neurologic 
and respiratory status, the optimal methods and frequency of 
assessment also are unclear. Identifying the optimal methods 
and frequency would ensure resources are used appropriately, 
which is especially important in contingency or crisis standards 
of care. From the treatment standpoint, the point in the course 
of illness at which botulinum antitoxin offers no further 
benefit has not yet been identified. Identifying this point 
might help determine a process for administering antitoxin 
during an antitoxin shortage. These evidence gaps remain 
because of the rarity of botulism and a lack of evidence that 
is more robust than case reports and case series. Prospective 
studies of patients with botulism might help address these 

gaps, providing clinicians and public health professionals with 
additional data on how to treat patients and prepare for and 
respond to botulism outbreaks.

Conflicts of Interest

All authors have completed and submitted the International Com-
mittee of Medical Journal Editors form for disclosure of potential 
conflicts of interest. No potential conflicts of interest were disclosed.

References
 1. Werner SB, Passaro D, McGee J, Schechter R, Vugia DJ. Wound 

botulism in California, 1951–1998: recent epidemic in heroin injectors. 
Clin Infect Dis 2000;31:1018–24. https://doi.org/10.1086/318134

 2. Arnon SS, Schechter R, Inglesby TV, et al.; Working Group on Civilian 
Biodefense. Botulinum toxin as a biological weapon: medical and public 
health management. JAMA 2001;285:1059–70. PMID:11209178 
https://doi.org/10.1001/jama.285.8.1059

 3. Sobel J. Botulism. Clin Infect Dis 2005;41:1167–73. PMID:16163636 
https://doi.org/10.1086/444507

 4. Smith LD. Botulism. The organism, its toxins, the disease. Springfield, 
IL: Charles C. Thomas; 1977.

 5. Dack GM, Wood WL. Serum therapy of botulism in monkeys. J Infect 
Dis 1928;42:209–12. https://doi.org/10.1093/infdis/42.3.209

 6. Ono T, Karashimada T, Iida H. Studies of the serum therapy of type E 
botulism. 3. Jpn J Med Sci Biol 1970;23:177–91. PMID:4989998 
https://doi.org/10.7883/yoken1952.23.177

 7. Morton HE. The toxicity of Clostridium botulinum type A toxin for 
various species of animals, including man. Philadelphia, PA: Institute 
for Cooperative Research, University of Pennsylvania; 1961.

 8. Maslanka SE, Lúquez C, Dykes JK, et al. A novel botulinum neurotoxin, 
previously reported as serotype H, has a hybrid-like structure with regions 
of similarity to the structures of serotypes A and F and is neutralized 
with serotype A antitoxin. J Infect Dis 2016;213:379–85. 
PMID:26068781 https://doi.org/10.1093/infdis/jiv327

 9. Zhang S, Masuyer G, Zhang J, et al. Identification and characterization 
of a novel botulinum neurotoxin. Nat Commun 2017;8:14130. 
PMID:28770820 https://doi.org/10.1038/ncomms14130

10. Zhang S, Lebreton F, Mansfield MJ, et al. Identification of a botulinum 
neurotoxin-like toxin in a commensal strain of Enterococcus faecium. Cell 
Host Microbe 2018;23:169–176.e6. PMID:29396040 https://doi.
org/10.1016/j.chom.2017.12.018

11. Brunt J, Carter AT, Stringer SC, Peck MW. Identification of a novel 
botulinum neurotoxin gene cluster in Enterococcus. FEBS Lett 
2 0 1 8 ; 5 9 2 : 3 1 0 – 7 .  P M I D : 2 9 3 2 3 6 9 7  h t t p s : / / d o i .
org/10.1002/1873-3468.12969

12. Humeau Y, Doussau F, Grant NJ, Poulain B. How botulinum and tetanus 
neurotoxins block neurotransmitter release. Biochimie 2000;82:427–46. 
PMID:10865130 https://doi.org/10.1016/S0300-9084(00)00216-9

13. Rao AK, Lin NH, Jackson KA, Mody RK, Griffin PM. Clinical 
characteristics and ancillary test results among patients with botulism—
United States, 2002–2015. Clin Infect Dis 2017;66(suppl_1):S4–10. 
PMID:29293936 https://doi.org/10.1093/cid/cix935

14. Chatham-Stephens K, Fleck-Derderian S, Johnson SD, Sobel J, Rao 
AK, Meaney-Delman D. Clinical features of foodborne and wound 
botulism: a systematic review of the literature, 1932–2015. Clin Infect 
Dis 2017;66(suppl_1):S11–6. PMID:29293923 https://doi.
org/10.1093/cid/cix811

15. Caleo M, Restani L. Exploiting botulinum neurotoxins for the study of 
brain physiology and pathology. Toxins (Basel) 2018;10:175. 
PMID:29693600 https://doi.org/10.3390/toxins10050175

https://doi.org/10.1086/318134
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11209178&dopt=Abstract
https://doi.org/10.1001/jama.285.8.1059
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16163636&dopt=Abstract
https://doi.org/10.1086/444507
https://doi.org/10.1093/infdis/42.3.209
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4989998&dopt=Abstract
https://doi.org/10.7883/yoken1952.23.177
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26068781&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26068781&dopt=Abstract
https://doi.org/10.1093/infdis/jiv327
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28770820&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28770820&dopt=Abstract
https://doi.org/10.1038/ncomms14130
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29396040&dopt=Abstract
https://doi.org/10.1016/j.chom.2017.12.018
https://doi.org/10.1016/j.chom.2017.12.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29323697&dopt=Abstract
https://doi.org/10.1002/1873-3468.12969
https://doi.org/10.1002/1873-3468.12969
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10865130&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10865130&dopt=Abstract
https://doi.org/10.1016/S0300-9084(00)00216-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293936&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293936&dopt=Abstract
https://doi.org/10.1093/cid/cix935
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293923&dopt=Abstract
https://doi.org/10.1093/cid/cix811
https://doi.org/10.1093/cid/cix811
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29693600&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29693600&dopt=Abstract
https://doi.org/10.3390/toxins10050175


Recommendations and Reports

26 MMWR / May 7, 2021 / Vol. 70 / No. 2 US Department of Health and Human Services/Centers for Disease Control and Prevention

16. Hughes JM, Blumenthal JR, Merson MH, Lombard GL, Dowell VR 
Jr, Gangarosa EJ. Clinical features of types A and B food-borne botulism. 
Ann Intern Med 1981;95:442–5. PMID:7283294 https://doi.
org/10.7326/0003-4819-95-4-442

17. Woodruff BA, Griffin PM, McCroskey LM, et al. Clinical and laboratory 
comparison of botulism from toxin types A, B, and E in the United 
States, 1975–1988. J Infect Dis 1992;166:1281–6. PMID:1431246 
https://doi.org/10.1093/infdis/166.6.1281

18. Demarchi J, Mourgues C, Orio J, Prevot AR. [Existence of type D 
botulism in man]. Bull Acad Natl Med 1958;142:580–2. PMID:13560962

19. Prevot AR, Sillioc R. [Biological enigma: cat and botulism]. Ann Inst 
Pasteur (Paris) 1955;89:354–7. PMID:13403395

20. Coffield JA, Bakry N, Zhang RD, Carlson J, Gomella LG, Simpson LL. 
In vitro characterization of botulinum toxin types A, C and D action 
on human tissues: combined electrophysiologic, pharmacologic and 
molecular biologic approaches. J Pharmacol Exp Ther 1997;280:1489–98. 
PMID:9067339

21. Eleopra R, Tugnoli V, Quatrale R, et al. Botulinum neurotoxin serotypes 
A and C do not affect motor units survival in humans: an 
electrophysiological study by motor units counting. Clin Neurophysiol 
2002;113:1258–64. PMID:12140005 https://doi.org/10.1016/
S1388-2457(02)00103-7

22. Rogers DE, Koenig MG, Spickard A. Clinical and laboratory 
manifestations of type E botulism in man. Trans Assoc Am Physicians 
1964;77:135–44. PMID:14275409

23. Dolman CE. Further outbreaks of botulism in Canada. Can Med Assoc 
J 1961;84:191–200. PMID:13723571

24. Gupta A, Sumner CJ, Castor M, Maslanka S, Sobel J. Adult botulism 
type F in the United States, 1981–2002. Neurology 2005;65:1694–700. 
P M I D : 1 6 3 4 4 5 1 0  h t t p s : / / d o i . o r g / 1 0 . 1 2 1 2 / 0 1 .
wnl.0000187127.92446.4c

25. Sobel J, Dill T, Kirkpatrick CL, Riek L, Luedtke P, Damrow TA. Clinical 
recovery and circulating botulinum toxin type F in adult patient. Emerg 
Infect Dis 2009;15:969–71. PMID:19523306 https://doi.org/10.3201/
eid1506.070571

26. Sobel J, Rao AK. Making the best of the evidence: toward national 
clinical guidelines for botulism. Clin Infect Dis 2017;66(suppl_1):S1–3. 
PMID:29293933 https://doi.org/10.1093/cid/cix829

27. Fleck-Derderian S, Shankar M, Rao AK, et al. The epidemiology of 
foodborne botulism outbreaks: a systematic review. Clin Infect Dis 
2017;66(suppl_1):S73–81. PMID:29293934 https://doi.org/10.1093/
cid/cix846

28. O’Horo JC, Harper EP, El Rafei A, et al. Efficacy of antitoxin therapy 
in treating patients with foodborne botulism: a systematic review and 
me t a - ana l y s i s  o f  c a s e s ,  1923–2016 .  C l in  In f e c t  Di s 
2017;66(suppl_1):S43–56. PMID:29293927 https://doi.org/10.1093/
cid/cix815

29. Schussler E, Sobel J, Hsu J, et al. Workgroup report by the Joint Task 
Force Involving American Academy of Allergy, Asthma & Immunology 
(AAAAI); Food Allergy, Anaphylaxis, Dermatology and Drug Allergy 
(FADDA) (Adverse Reactions to Foods Committee and Adverse 
Reactions to Drugs, Biologicals, and Latex Committee); and the Centers 
for Disease Control and Prevention Botulism Clinical Treatment 
Guidelines Workgroup—Allergic reactions to botulinum antitoxin: a 
systematic review. Clin Infect Dis 2017;66(suppl_1):S65–72. 
PMID:29293931 https://doi.org/10.1093/cid/cix827

30. Badell ML, Rimawi BH, Rao AK, Jamieson DJ, Rasmussen S, Meaney-
Delman D. Botulism during pregnancy and the postpartum period: a 
systematic review. Clin Infect Dis 2017;66(suppl_1):S30–7. 
PMID:29293925 https://doi.org/10.1093/cid/cix813

31. Griese SE, Kisselburgh HM, Bartenfeld MT, et al. Pediatric botulism 
and use of equine botulinum antitoxin in children: a systematic review. 
Clin Infect Dis 2017;66(suppl_1):S17–29. PMID:29293924 https://
doi.org/10.1093/cid/cix812

32. Halpin AL, Khouri JM, Payne JR, et al. Type F infant botulism: 
investigation of recent clusters and overview of this exceedingly rare 
disease. Clin Infect Dis 2017;66(suppl_1):S92–4. PMID:29293930 
https://doi.org/10.1093/cid/cix818

33. Jacobs Slifka K, Harris JA, Nguyen V, Luquez C, Tiwari T, Rao AK. A 
case of localized, unilateral (cephalic) wound botulism. Clin Infect Dis 
2017;66(suppl_1):S95–8. PMID:29293932 https://doi.org/10.1093/
cid/cix828

34. Parameswaran L, Rao A, Chastain K, et al. A case of adult intestinal toxemia 
botulism during prolonged hospitalization in an allogeneic hematopoietic 
cell transplant recipient. Clin Infect Dis 2017;66(suppl_1):S99–102. 
PMID:29293935 https://doi.org/10.1093/cid/cix847

35. Harvey RR, Cooper R, Bennett S, et al. Outbreak of foodborne botulism 
in an immigrant community: Overcoming delayed disease recognition, 
ambiguous epidemiologic links, and cultural barriers to identify the 
cause. Clin Infect Dis 2017;66(suppl_1):S82–4. PMID:29293929 
https://doi.org/10.1093/cid/cix817

36. Rao AK, Lin NH, Griese SE, Chatham-Stephens K, Badell ML, Sobel 
J. Clinical criteria to trigger suspicion for botulism: an evidence-based 
tool to facilitate timely recognition of suspected cases during sporadic 
events and outbreaks. Clin Infect Dis 2017;66(suppl_1):S38–42. 
PMID:29293926 https://doi.org/10.1093/cid/cix814

37. Yu PA, Lin NH, Mahon BE, et al. Safety and improved clinical outcomes 
in patients treated with new equine-derived heptavalent botulinum 
antitoxin. Clin Infect Dis 2017;66(suppl_1):S57–64. PMID:29293928 
https://doi.org/10.1093/cid/cix816

38. Rao AK, Walters M, Hall J, et al. Outbreak of botulism due to illicit 
prison-brewed alcohol: public health response to a serious and recurrent 
problem. Clin Infect Dis 2017;66(suppl_1):S85–91. PMID:29293937 
https://doi.org/10.1093/cid/cix936

39. Committee on Guidance for Establishing Crisis Standards of Care for 
Use in Disaster Situations; Institute of Medicine. Crisis standards of 
care: a systems framework for catastrophic disaster response. National 
Academies Press: Washington, DC; 2012. PMID: 24830057

40. Hick JL, Barbera JA, Kelen GD. Refining surge capacity: conventional, 
contingency, and crisis capacity. Disaster Med Public Health Prep 
2009;3(Suppl 2):S59–67. PMID:19349869 https://doi.org/10.1097/
DMP.0b013e31819f1ae2

41. Institute of Medicine. Crisis standards of care: a toolkit for indicators 
and triggers. Washington, DC: National Academies Press; 2013. https://
www.nap.edu/read/18338/chapter/3

42. Shapiro RL, Hatheway C, Swerdlow DL. Botulism in the 
United States:  a cl inical  and epidemiologic review. Ann 
Intern Med 1998;129:221–8. PMID:9696731 https://doi.
org/10.7326/0003-4819-129-3-199808010-00011

43. Maslanka S, Agam KR. Botulism. In: Kasper D, Fauci A, Hauser S, 
Longo D, Jameson JL, Loscalzo J, eds. Harrison’s principles of internal 
medicine, 19th ed. New York, NY: McGraw-Hill Education; 2015.

44. Sheth AN, Wiersma P, Atrubin D, et al. International outbreak of severe 
botulism with prolonged toxemia caused by commercial carrot juice. 
Clin Infect Dis 2008;47:1245–51. PMID:18834318 https://doi.
org/10.1086/592574

45. Sobel J. Diagnosis and treatment of botulism: a century later, clinical 
suspicion remains the cornerstone. Clin Infect Dis 2009;48:1674–5. 
PMID:19435432 https://doi.org/10.1086/599030

46. St Louis ME, Peck SH, Bowering D, et al. Botulism from chopped garlic: 
delayed recognition of a major outbreak. Ann Intern Med 1988;108:363–8. 
PMID:3341673 https://doi.org/10.7326/0003-4819-108-3-363

47. Filozov A, Kattan JA, Jitendranath L, et al. Asymmetric type F botulism 
with cranial nerve demyelination. Emerg Infect Dis 2012;18:102–4. 
PMID:22257488 https://doi.org/10.3201/eid1801.110471

48. Fokke C, van den Berg B, Drenthen J, Walgaard C, van Doorn PA, 
Jacobs BC. Diagnosis of Guillain-Barré syndrome and validation of 
Brighton criteria. Brain 2014;137:33–43. PMID:24163275 https://doi.
org/10.1093/brain/awt285

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7283294&dopt=Abstract
https://doi.org/10.7326/0003-4819-95-4-442
https://doi.org/10.7326/0003-4819-95-4-442
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1431246&dopt=Abstract
https://doi.org/10.1093/infdis/166.6.1281
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13560962&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13403395&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9067339&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9067339&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12140005&dopt=Abstract
https://doi.org/10.1016/S1388-2457(02)00103-7
https://doi.org/10.1016/S1388-2457(02)00103-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14275409&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13723571&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16344510&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16344510&dopt=Abstract
https://doi.org/10.1212/01.wnl.0000187127.92446.4c
https://doi.org/10.1212/01.wnl.0000187127.92446.4c
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19523306&dopt=Abstract
https://doi.org/10.3201/eid1506.070571
https://doi.org/10.3201/eid1506.070571
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293933&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293933&dopt=Abstract
https://doi.org/10.1093/cid/cix829
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293934&dopt=Abstract
https://doi.org/10.1093/cid/cix846
https://doi.org/10.1093/cid/cix846
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293927&dopt=Abstract
https://doi.org/10.1093/cid/cix815
https://doi.org/10.1093/cid/cix815
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293931&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293931&dopt=Abstract
https://doi.org/10.1093/cid/cix827
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293925&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293925&dopt=Abstract
https://doi.org/10.1093/cid/cix813
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293924&dopt=Abstract
https://doi.org/10.1093/cid/cix812
https://doi.org/10.1093/cid/cix812
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293930&dopt=Abstract
https://doi.org/10.1093/cid/cix818
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293932&dopt=Abstract
https://doi.org/10.1093/cid/cix828
https://doi.org/10.1093/cid/cix828
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293935&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293935&dopt=Abstract
https://doi.org/10.1093/cid/cix847
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293929&dopt=Abstract
https://doi.org/10.1093/cid/cix817
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293926&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293926&dopt=Abstract
https://doi.org/10.1093/cid/cix814
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293928&dopt=Abstract
https://doi.org/10.1093/cid/cix816
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293937&dopt=Abstract
https://doi.org/10.1093/cid/cix936
https://pubmed.ncbi.nlm.nih.gov/24830057/https:/pubmed.ncbi.nlm.nih.gov/24830057/
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19349869&dopt=Abstract
https://doi.org/10.1097/DMP.0b013e31819f1ae2
https://doi.org/10.1097/DMP.0b013e31819f1ae2
https://www.nap.edu/read/18338/chapter/3
https://www.nap.edu/read/18338/chapter/3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9696731&dopt=Abstract
https://doi.org/10.7326/0003-4819-129-3-199808010-00011
https://doi.org/10.7326/0003-4819-129-3-199808010-00011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18834318&dopt=Abstract
https://doi.org/10.1086/592574
https://doi.org/10.1086/592574
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19435432&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19435432&dopt=Abstract
https://doi.org/10.1086/599030
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3341673&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3341673&dopt=Abstract
https://doi.org/10.7326/0003-4819-108-3-363
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22257488&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22257488&dopt=Abstract
https://doi.org/10.3201/eid1801.110471
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24163275&dopt=Abstract
https://doi.org/10.1093/brain/awt285
https://doi.org/10.1093/brain/awt285


Recommendations and Reports

MMWR / May 7, 2021 / Vol. 70 / No. 2 27US Department of Health and Human Services/Centers for Disease Control and Prevention

49. Mallik A, Weir AI. Nerve conduction studies: essentials and pitfalls in 
practice. J Neurol Neurosurg Psychiatry 2005;76(Suppl 2):ii23–31. 
PMID:15961865 https://doi.org/10.1136/jnnp.2005.069138

50. Maselli RA, Bakshi N; American Association of Electrodiagnostic 
Medicine. AAEM case report 16. Botulism. Muscle Nerve 
2000;23:1137–44. PMID:10883013 https://doi.org/10.1002/1097-
4598(200007)23:7<1137::AID-MUS21>3.0.CO;2-7

51. Maselli RA, Ellis W, Mandler RN, et al. Cluster of wound botulism in 
California: clinical, electrophysiologic, and pathologic study. Muscle 
Nerve 1997;20:1284–95. PMID:9324085 https://doi.org/10.1002/
(SICI)1097-4598(199710)20:10<1284::AID-MUS11>3.0.CO;2-3

52. Padua L, Aprile I, Monaco ML, et al. Neurophysiological assessment in 
the diagnosis of botulism: usefulness of single-fiber EMG. Muscle Nerve 
1999;22:1388–92. PMID:10487905 https://doi.org/10.1002/
(SICI)1097-4598(199910)22:10<1388::AID-MUS8>3.0.CO;2-3

53. McCarty CL, Angelo K, Beer KD, et al. Large outbreak of botulism 
associated with a church potluck meal—Ohio, 2015. MMWR Morb 
Mortal Wkly Rep 2015;64:802–3. PMID:26225479 https://doi.
org/10.15585/mmwr.mm6429a6

54. Maslanka SE, Solomon HM, Sharma S, Johnson EA. Chapter 32. 
Clostridium botulinum and its toxins. In: Salfinger Y, Tortorello ML, eds. 
Compendium of methods for the microbiological examination of foods: 
Washington, DC: American Public Health Association Press; 2013.

55. Kalb SR, Baudys J, Wang D, Barr JR. Recommended mass spectrometry-
based strategies to identify botulinum neurotoxin-containing samples. 
Toxins (Basel) 2015;7:1765–78. PMID:25996606 https://doi.
org/10.3390/toxins7051765

56. Mighty HE. Acute respiratory failure in pregnancy. Clin Obstet Gynecol 
2010;53:360–8. PMID:20436311 https://doi.org/10.1097/
GRF.0b013e3181deb3f1

57. Sandrock CE, Murin S. Clinical predictors of respiratory failure and long-term 
outcome in black tar heroin-associated wound botulism. Chest 
2001;120:562–6. PMID:11502659 https://doi.org/10.1378/chest.120.2.562

58. Wongtanate M, Sucharitchan N, Tantisiriwit K, et al. Signs and 
symptoms predictive of respiratory failure in patients with foodborne 
botulism in Thailand. Am J Trop Med Hyg 2007;77:386–9. 
PMID:17690419 https://doi.org/10.4269/ajtmh.2007.77.386

59. Lawn ND, Fletcher DD, Henderson RD, Wolter TD, Wijdicks EF. 
Anticipating mechanical ventilation in Guillain-Barré syndrome. Arch 
Neurol 2001;58:893–8. PMID:11405803 https://doi.org/10.1001/
archneur.58.6.893

60. Stefanutti D, Fitting J-W. Sniff nasal inspiratory pressure. Reference 
values in Caucasian children. Am J Respir Crit Care Med 
1999;159:107–11. PMID:9872826 https://doi.org/10.1164/
ajrccm.159.1.9804052

61. Uldry C, Fitting JW. Maximal values of sniff nasal inspiratory pressure 
in healthy subjects. Thorax 1995;50:371–5. PMID:7785009 https://
doi.org/10.1136/thx.50.4.371

62. Laveneziana P, Albuquerque A, Aliverti A, et al. ERS statement on 
respiratory muscle testing at rest and during exercise. Eur Respir J 
2 0 1 9 ; 5 3 : 1 8 0 1 2 1 4 .  P M I D : 3 0 9 5 6 2 0 4  h t t p s : / / d o i .
org/10.1183/13993003.01214-2018

63. Héritier F, Rahm F, Pasche P, Fitting JW. Sniff nasal inspiratory pressure. 
A noninvasive assessment of inspiratory muscle strength. Am J Respir 
Crit Care Med 1994;150:1678–83. PMID:7952632 https://doi.
org/10.1164/ajrccm.150.6.7952632

64. Elsheikh B, Arnold WD, Gharibshahi S, Reynolds J, Freimer M, Kissel 
JT. Correlation of single-breath count test and neck flexor muscle 
strength with spirometry in myasthenia gravis. Muscle Nerve 
2016;53:134–6. PMID:26437790 https://doi.org/10.1002/mus.24929

65. Harms M. Inpatient management of Guillain-Barré syndrome. 
Neurohospitalist 2011;1:78–84. PMID:23983841 https://doi.
org/10.1177/1941875210396379

66. Hutchinson D, Whyte K. Neuromuscular disease and respiratory failure. 
Pract Neurol 2008;8:229–37. PMID:18644909 https://doi.org/10.1136/
pn.2008.152611

67. Hughes RA, Bihari D. Acute neuromuscular respiratory paralysis. 
J Neurol Neurosurg Psychiatry 1993;56:334–43. PMID:8482951 
https://doi.org/10.1136/jnnp.56.4.334

68. Dressler D, Benecke R. Autonomic side effects of botulinum toxin type 
B treatment of cervical dystonia and hyperhidrosis. Eur Neurol 
2003;49:34–8. PMID:12464716 https://doi.org/10.1159/000067023

69. Dolly JO, Aoki KR. The structure and mode of action of different 
botulinum toxins. Eur J Neurol 2006;13(Suppl 4):1–9. PMID:17112344 
https://doi.org/10.1111/j.1468-1331.2006.01648.x

70. Jenzer G, Mumenthaler M, Ludin HP, Robert F. Autonomic dysfunction 
in botulism B: a clinical report. Neurology 1975;25:150–3. 
PMID:1167643 https://doi.org/10.1212/WNL.25.2.150

71. Koenig MG, Drutz DJ, Mushlin AI, Schaffner W, Rogers DE. Type B 
botulism in man. Am J Med 1967;42:208–19. PMID:6018532 https://
doi.org/10.1016/0002-9343(67)90020-4

72. Merz B, Bigalke H, Stoll G, Naumann M. Botulism type B presenting 
as pure autonomic dysfunction. Clin Auton Res 2003;13:337–8. 
PMID:14564656 https://doi.org/10.1007/s10286-003-0118-2

73. Potulska-Chromik A, Zakrzewska-Pniewska B, Szmidt-Sałkowska E, et 
al. Long lasting dysautonomia due to botulinum toxin B poisoning: 
clinical-laboratory follow up and difficulties in initial diagnosis. BMC 
Res  Note s  2013 ;6 :438 .  PMID:24172031  h t tp s : / /do i .
org/10.1186/1756-0500-6-438

74. Truax BT, ed. Autonomic disturbances in the Guillain-Barré syndrome. 
Seminars in Neurology; 1984: Thieme Medical Publishers, Inc.

75. Dalos NP, Borel C, Hanley DF. Cardiovascular autonomic dysfunction 
in Guillain-Barré syndrome. Therapeutic implications of Swan-Ganz 
monitoring. Arch Neurol 1988;45:115–7. PMID:3337665 https://doi.
org/10.1001/archneur.1988.00520250125034

76. Hund EF, Borel CO, Cornblath DR, Hanley DF, McKhann GM. 
Intensive management and treatment of severe Guillain-Barré syndrome. 
Crit Care Med 1993;21:433–46. PMID:8440115 https://doi.
org/10.1097/00003246-199303000-00023

77. Hughes RA, Wijdicks EF, Benson E, et al.; Multidisciplinary Consensus 
Group. Supportive care for patients with Guillain-Barré syndrome. Arch 
Neurol 2005;62:1194–8. PMID:16087757 https://doi.org/10.1001/
archneur.62.8.1194

78. Rabinstein AA. Acute neuromuscular respiratory failure. Continuum 
(Minneap Minn) 2015;21(5 Neurocritical Care):1324–45. 
PMID:26426233 https://doi.org/10.1212/CON.0000000000000218

79. Fiz JA, Haro M, Aguilar J, et al. Spirometry and maximal respiratory 
pressures in patients with facial paralysis. Chest 1993;103:170–3. 
PMID:8417873 https://doi.org/10.1378/chest.103.1.170

80. Cabrera Serrano M, Rabinstein AA. Causes and outcomes of acute 
neuromuscular respiratory failure. Arch Neurol 2010;67:1089–94. 
PMID:20837853 https://doi.org/10.1001/archneurol.2010.207

81. Mangera Z, Panesar G, Makker H. Practical approach to management 
of respiratory complications in neurological disorders. Int J Gen Med 
2012;5:255–63. PMID:22505823

82. O’Horo JC, Harper EP, El Rafei A, et al. Efficacy of antitoxin therapy in 
treating patients with foodborne botulism: a systematic review and meta-
analysis of cases, 1923–2016. Clin Infect Dis 2017;66(suppl_1):S43–56. 
PMID:29293927 https://doi.org/10.1093/cid/cix815

83. Tacket CO, Shandera WX, Mann JM, Hargrett NT, Blake PA. Equine 
antitoxin use and other factors that predict outcome in type A foodborne 
botulism. Am J Med 1984;76:794–8. PMID:6720725 https://doi.
org/10.1016/0002-9343(84)90988-4

 84. Botulism antitoxin heptavalent. (A, B, C, D, E, F, G)—(Equine) [package 
insert]. Gaithersburg, MD: Cangene Corporation (as Emergent 
Biosolutions); 2017. https://www.fda.gov/media/85514/download

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15961865&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15961865&dopt=Abstract
https://doi.org/10.1136/jnnp.2005.069138
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10883013&dopt=Abstract
https://doi.org/10.1002/1097-4598(200007)23:7%3c1137::AID-MUS21%3e3.0.CO;2-7
https://doi.org/10.1002/1097-4598(200007)23:7%3c1137::AID-MUS21%3e3.0.CO;2-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9324085&dopt=Abstract
https://doi.org/10.1002/(SICI)1097-4598(199710)20:10%3c1284::AID-MUS11%3e3.0.CO;2-3
https://doi.org/10.1002/(SICI)1097-4598(199710)20:10%3c1284::AID-MUS11%3e3.0.CO;2-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10487905&dopt=Abstract
https://doi.org/10.1002/(SICI)1097-4598(199910)22:10%3c1388::AID-MUS8%3e3.0.CO;2-3
https://doi.org/10.1002/(SICI)1097-4598(199910)22:10%3c1388::AID-MUS8%3e3.0.CO;2-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26225479&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6429a6
https://doi.org/10.15585/mmwr.mm6429a6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25996606&dopt=Abstract
https://doi.org/10.3390/toxins7051765
https://doi.org/10.3390/toxins7051765
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20436311&dopt=Abstract
https://doi.org/10.1097/GRF.0b013e3181deb3f1
https://doi.org/10.1097/GRF.0b013e3181deb3f1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11502659&dopt=Abstract
https://doi.org/10.1378/chest.120.2.562
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17690419&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17690419&dopt=Abstract
https://doi.org/10.4269/ajtmh.2007.77.386
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11405803&dopt=Abstract
https://doi.org/10.1001/archneur.58.6.893
https://doi.org/10.1001/archneur.58.6.893
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9872826&dopt=Abstract
https://doi.org/10.1164/ajrccm.159.1.9804052
https://doi.org/10.1164/ajrccm.159.1.9804052
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7785009&dopt=Abstract
https://doi.org/10.1136/thx.50.4.371
https://doi.org/10.1136/thx.50.4.371
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30956204&dopt=Abstract
https://doi.org/10.1183/13993003.01214-2018
https://doi.org/10.1183/13993003.01214-2018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7952632&dopt=Abstract
https://doi.org/10.1164/ajrccm.150.6.7952632
https://doi.org/10.1164/ajrccm.150.6.7952632
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26437790&dopt=Abstract
https://doi.org/10.1002/mus.24929
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23983841&dopt=Abstract
https://doi.org/10.1177/1941875210396379
https://doi.org/10.1177/1941875210396379
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18644909&dopt=Abstract
https://doi.org/10.1136/pn.2008.152611
https://doi.org/10.1136/pn.2008.152611
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8482951&dopt=Abstract
https://doi.org/10.1136/jnnp.56.4.334
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12464716&dopt=Abstract
https://doi.org/10.1159/000067023
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17112344&dopt=Abstract
https://doi.org/10.1111/j.1468-1331.2006.01648.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1167643&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1167643&dopt=Abstract
https://doi.org/10.1212/WNL.25.2.150
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6018532&dopt=Abstract
https://doi.org/10.1016/0002-9343(67)90020-4
https://doi.org/10.1016/0002-9343(67)90020-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14564656&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14564656&dopt=Abstract
https://doi.org/10.1007/s10286-003-0118-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24172031&dopt=Abstract
https://doi.org/10.1186/1756-0500-6-438
https://doi.org/10.1186/1756-0500-6-438
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3337665&dopt=Abstract
https://doi.org/10.1001/archneur.1988.00520250125034
https://doi.org/10.1001/archneur.1988.00520250125034
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8440115&dopt=Abstract
https://doi.org/10.1097/00003246-199303000-00023
https://doi.org/10.1097/00003246-199303000-00023
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16087757&dopt=Abstract
https://doi.org/10.1001/archneur.62.8.1194
https://doi.org/10.1001/archneur.62.8.1194
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26426233&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26426233&dopt=Abstract
https://doi.org/10.1212/CON.0000000000000218
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8417873&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8417873&dopt=Abstract
https://doi.org/10.1378/chest.103.1.170
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20837853&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20837853&dopt=Abstract
https://doi.org/10.1001/archneurol.2010.207
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22505823&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293927&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29293927&dopt=Abstract
https://doi.org/10.1093/cid/cix815
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6720725&dopt=Abstract
https://doi.org/10.1016/0002-9343(84)90988-4
https://doi.org/10.1016/0002-9343(84)90988-4
https://www.fda.gov/media/85514/download


Recommendations and Reports

28 MMWR / May 7, 2021 / Vol. 70 / No. 2 US Department of Health and Human Services/Centers for Disease Control and Prevention

 85. Black RE, Gunn RA. Hypersensitivity reactions associated with 
botulinal antitoxin. Am J Med 1980;69:567–70. PMID:7191633 
https://doi.org/10.1016/0002-9343(80)90469-6

 86. Kongsaengdao S, Samintarapanya K, Rusmeechan S, et al.; Thai 
Botulism Study Group. An outbreak of botulism in Thailand: clinical 
manifestations and management of severe respiratory failure. Clin Infect 
Di s  2006 ;43 :1247–56 .  PMID:17051488  h t tp s : / /do i .
org/10.1086/508176

 87. Hatheway CH, Snyder JD, Seals JE, Edell TA, Lewis GE Jr. Antitoxin 
levels in botulism patients treated with trivalent equine botulism 
antitoxin to toxin types A, B, and E. J Infect Dis 1984;150:407–12. 
PMID:6481185 https://doi.org/10.1093/infdis/150.3.407

 88. Arnon SS, Schechter R, Maslanka SE, Jewell NP, Hatheway CL. Human 
botulism immune globulin for the treatment of infant botulism. N 
Engl J Med 2006;354:462–71. PMID:16452558 https://doi.
org/10.1056/NEJMoa051926

 89. Lack JA, Stuart-Taylor ME. Calculation of drug dosage and body 
surface area of children. Br J Anaesth 1997;78:601–5. PMID:9175982 
https://doi.org/10.1093/bja/78.5.601

 90. Feng L, Chen X, Liu S, Zhou Z, Yang R. Two-family outbreak of 
botulism associated with the consumption of smoked ribs in Sichuan 
Province, China. Int J Infect Dis 2015;30:74–7. PMID:25448333 
https://doi.org/10.1016/j.ijid.2014.10.008

 91. Gomez HF, Johnson R, Guven H, et al. Adsorption of botulinum toxin to 
activated charcoal with a mouse bioassay. Ann Emerg Med 1995;25:818–22. 
PMID:7755207 https://doi.org/10.1016/S0196-0644(95)70214-8

 92. Osterhoudt KC, Alpern ER, Durbin D, Nadel F, Henretig FM. 
Activated charcoal administration in a pediatric emergency department. 
Pediatr Emerg Care 2004;20:493–8. PMID:15295243 https://doi.
org/10.1097/01.pec.0000136064.14704.d1

 93. Mazuet C, Dano J, Popoff MR, Créminon C, Volland H. 
Characterization of botulinum neurotoxin type A neutralizing 
monoclonal antibodies and influence of their half-lives on therapeutic 
activity. PLoS One 2010;5:e12416. PMID:20865035 https://doi.
org/10.1371/journal.pone.0012416

 94. Cherington M, Ryan DW. Botulism and guanidine. N Engl J Med 
1968;278:931–3. PMID:5644559 https://doi.org/10.1056/
NEJM196804252781704

 95. Cherington M, Ryan DW. Treatment of botulism with guanidine. Early 
neurophysiologic studies. N Engl J Med 1970;282:195–7. 
PMID:5409814 https://doi.org/10.1056/NEJM197001222820405

 96. Puggiari M, Cherington M. Botulism and guanidine. Ten years later. 
JAMA 1978;240:2276–7. PMID:702753 https://doi.org/10.1001/
jama.1978.03290210058027

 97. Kaplan JE, Davis LE, Narayan V, Koster J, Katzenstein D. Botulism, 
type A, and treatment with guanidine. Ann Neurol 1979;6:69–71. 
PMID:389150 https://doi.org/10.1002/ana.410060117

 98. Davis LE, Johnson JK, Bicknell JM, Levy H, McEvoy KM. Human 
type A botulism and treatment with 3,4-diaminopyridine. Electromyogr 
Clin Neurophysiol 1992;32:379–83. PMID:1526219

 99. Faich GA, Graebner RW, Sato S. Failure of guanidine therapy in 
botulism A. N Engl J Med 1971;285:773–6. PMID:5567262 https://
doi.org/10.1056/NEJM197109302851404

100. Oh SJ, Halsey JH Jr, Briggs DDJ Jr. Guanidine in type B botulism. 
Arch Intern Med 1975;135:726–8. PMID:1052669 https://doi.
org/10.1001/archinte.135.5.726

101. Ball AP, Hopkinson RB, Farrell ID, et al. Human botulism caused by 
Clostridium botulinum type E: the Birmingham outbreak. Q J Med 
1979;48:473–91. PMID:575566

102. Paterson DL, King MA, Boyle RS, et al. Severe botulism after eating 
home-preserved asparagus. Med J Aust 1992;157:269–70. 
PMID:1435446 https://doi.org/10.5694/j.1326-5377.1992.
tb137135.x

103. Robinson RF, Nahata MC. Management of botulism. Ann 
Pharmacother 2003;37:127–31. PMID:12503947 https://doi.
org/10.1345/aph.1C034

104. Wang YC, Burr DH, Korthals GJ, Sugiyama H. Acute toxicity of 
aminoglycoside antibiotics as an aid in detecting botulism. Appl 
Environ Microbiol 1984;48:951–5. PMID:6508309 https://doi.
org/10.1128/AEM.48.5.951-955.1984

105. Molgó J, Lemeignan M, Thesleff S. Aminoglycosides and 
3,4-diaminopyridine on neuromuscular block caused by botulinum 
type A toxin. Muscle Nerve 1987;10:464–70. PMID:3497343 https://
doi.org/10.1002/mus.880100514

106. L’Hommedieu C, Stough R, Brown L, Kettrick R, Polin R. Potentiation 
of neuromuscular weakness in infant botulism by aminoglycosides. 
J Pediatr 1979;95:1065–70. PMID:501488 https://doi.org/10.1016/
S0022-3476(79)80314-5

107. Paradelis AG, Triantaphyllidis C, Giala MM. Neuromuscular blocking 
activity of aminoglycoside antibiotics. Methods Find Exp Clin 
Pharmacol 1980;2:45–51. PMID:6121961

108. Santos JI, Swensen P, Glasgow LA. Potentiation of Clostridium 
botulinum toxin aminoglycoside antibiotics: clinical and laboratory 
observations. Pediatrics 1981;68:50–4. PMID:7243509

109. Lee JH, Lee SI, Chung CJ, et al. The synergistic effect of gentamicin 
and clindamycin on rocuronium-induced neuromuscular blockade. 
Korean J Anesthesiol 2013;64:143–51. PMID:23459675 https://doi.
org/10.4097/kjae.2013.64.2.143

110. Rhee WJ, Lee SY, Lee JH, et al. The effect of high concentration of 
magnesium with ropivacaine, gentamicin, rocuronium, and their 
combination on neuromuscular blockade. Korean J Anesthesiol 
2015;68:50–61. PMID:25664156 https://doi.org/10.4097/
kjae.2015.68.1.50

111. Pandian SJ, Subramanian M, Vijayakumar G, Balasubramaniam GA, 
Sukumar K. Therapeutic management of botulism in dairy cattle. Vet 
World 2015;8:1305–9.

112. Del Pozo E, Baeyens JM. Effects of calcium channel blockers on 
neuromuscular blockade induced by aminoglycoside antibiotics. Eur 
J Pharmacol 1986;128:49–54. PMID:3758187 https://doi.
org/10.1016/0014-2999(86)90556-X

113. Paradelis AG, Triantaphyllidis CJ, Mironidou M, Crassaris LG, 
Karachalios DN, Giala MM. Interaction of aminoglycoside antibiotics 
and calcium channel blockers at the neuromuscular junctions. Methods 
Find Exp Clin Pharmacol 1988;10:687–90. PMID:3221740

114. Simpson LL. The interaction between 5-hydroxytryptamine and 
botulinum toxin type A. Toxicol Appl Pharmacol 1968;12:249–59. 
PMID:4875050 https://doi.org/10.1016/0041-008X(68)90037-9

115. Hale TW. Maternal medications during breastfeeding. Clin Obstet 
Gynecol 2004;47:696–711. PMID:15326432 https://doi.
org/10.1097/01.grf.0000135653.56778.3f

116. Simpson LL. Identification of the major steps in botulinum toxin 
action. Annu Rev Pharmacol Toxicol 2004;44:167–93. PMID:14744243 
https://doi.org/10.1146/annurev.pharmtox.44.101802.121554

117. Middaugh J. Botulism and breast milk. N Engl J Med 1978;298:343. 
PMID:622098 https://doi.org/10.1056/NEJM197802092980620

118. Jim J, Johnson B, Millerburg T, Silver T, Funk D, Bixby M. Type A 
botulism in Alaska. State of Alaska Epidemiology Bulletin. 1976;13.

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7191633&dopt=Abstract
https://doi.org/10.1016/0002-9343(80)90469-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17051488&dopt=Abstract
https://doi.org/10.1086/508176
https://doi.org/10.1086/508176
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6481185&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6481185&dopt=Abstract
https://doi.org/10.1093/infdis/150.3.407
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16452558&dopt=Abstract
https://doi.org/10.1056/NEJMoa051926
https://doi.org/10.1056/NEJMoa051926
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9175982&dopt=Abstract
https://doi.org/10.1093/bja/78.5.601
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25448333&dopt=Abstract
https://doi.org/10.1016/j.ijid.2014.10.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7755207&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7755207&dopt=Abstract
https://doi.org/10.1016/S0196-0644(95)70214-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15295243&dopt=Abstract
https://doi.org/10.1097/01.pec.0000136064.14704.d1
https://doi.org/10.1097/01.pec.0000136064.14704.d1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20865035&dopt=Abstract
https://doi.org/10.1371/journal.pone.0012416
https://doi.org/10.1371/journal.pone.0012416
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5644559&dopt=Abstract
https://doi.org/10.1056/NEJM196804252781704
https://doi.org/10.1056/NEJM196804252781704
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5409814&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5409814&dopt=Abstract
https://doi.org/10.1056/NEJM197001222820405
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=702753&dopt=Abstract
https://doi.org/10.1001/jama.1978.03290210058027
https://doi.org/10.1001/jama.1978.03290210058027
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=389150&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=389150&dopt=Abstract
https://doi.org/10.1002/ana.410060117
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1526219&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5567262&dopt=Abstract
https://doi.org/10.1056/NEJM197109302851404
https://doi.org/10.1056/NEJM197109302851404
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1052669&dopt=Abstract
https://doi.org/10.1001/archinte.135.5.726
https://doi.org/10.1001/archinte.135.5.726
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=575566&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1435446&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1435446&dopt=Abstract
https://doi.org/10.5694/j.1326-5377.1992.tb137135.x
https://doi.org/10.5694/j.1326-5377.1992.tb137135.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12503947&dopt=Abstract
https://doi.org/10.1345/aph.1C034
https://doi.org/10.1345/aph.1C034
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6508309&dopt=Abstract
https://doi.org/10.1128/AEM.48.5.951-955.1984
https://doi.org/10.1128/AEM.48.5.951-955.1984
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3497343&dopt=Abstract
https://doi.org/10.1002/mus.880100514
https://doi.org/10.1002/mus.880100514
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=501488&dopt=Abstract
https://doi.org/10.1016/S0022-3476(79)80314-5
https://doi.org/10.1016/S0022-3476(79)80314-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6121961&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7243509&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23459675&dopt=Abstract
https://doi.org/10.4097/kjae.2013.64.2.143
https://doi.org/10.4097/kjae.2013.64.2.143
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25664156&dopt=Abstract
https://doi.org/10.4097/kjae.2015.68.1.50
https://doi.org/10.4097/kjae.2015.68.1.50
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3758187&dopt=Abstract
https://doi.org/10.1016/0014-2999(86)90556-X
https://doi.org/10.1016/0014-2999(86)90556-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3221740&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4875050&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4875050&dopt=Abstract
https://doi.org/10.1016/0041-008X(68)90037-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15326432&dopt=Abstract
https://doi.org/10.1097/01.grf.0000135653.56778.3f
https://doi.org/10.1097/01.grf.0000135653.56778.3f
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14744243&dopt=Abstract
https://doi.org/10.1146/annurev.pharmtox.44.101802.121554
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=622098&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=622098&dopt=Abstract
https://doi.org/10.1056/NEJM197802092980620


Recommendations and Reports

MMWR / May 7, 2021 / Vol. 70 / No. 2 29US Department of Health and Human Services/Centers for Disease Control and Prevention

119. Douthirt C. An outbreak of botulism in Tucumcari, New Mexico. 
Southwest Med 1938;(2):51–3.

120. CDC. Botulism—California. MMWR Morb Mortal Wkly Rep 
1972;21:106.

121. Moodley A, Quinlisk P, Garvey A, Kalas N, Barash JR, Khouri JM. 
Notes from the field: infant botulism caused by Clostridium baratii 
type F—Iowa, 2013. MMWR Morb Mortal Wkly Rep 2015;64:400. 
PMID:25879901

122. Gould CV, Umscheid CA, Agarwal RK, Kuntz G, Pegues DA; 
Healthcare Infection Control Practices Advisory Committee. Guideline 
for prevention of catheter-associated urinary tract infections 2009. 
Infect Control Hosp Epidemiol 2010;31:319–26. PMID:20156062 
https://doi.org/10.1086/651091

123. Berlowitz D, VanDeusen Lukas C, Parker V, Niederhauser A, Silver J, 
Logan C, et al. Preventing pressure ulcers in hospitals. Rockville, MD: 
Agency for Healthcare Research and Quality; 2014. https://www.ahrq.
gov/sites/default/files/publications/files/putoolkit.pdf

124. Klompas M, Branson R, Eichenwald EC, et al.; Society for Healthcare 
Epidemiology of America (SHEA). Strategies to prevent ventilator-
associated pneumonia in acute care hospitals: 2014 update. Infect 
Control Hosp Epidemiol 2014;35:915–36. PMID:25026607 https://
doi.org/10.1086/677144

125. Marcus SM. Reflections on the care of a patient severely poisoned by ‘rogue’ 
botulinum toxin and rendered paralysed for a protracted hospital stay. 
Botulinum J 2009;1:318–39. https://doi.org/10.1504/TBJ.2009.031683

126. ten Hoorn S, Elbers PW, Girbes AR, Tuinman PR. Communicating 
with conscious and mechanically ventilated critically ill patients: a 
systematic review. Crit Care 2016;20:333. PMID:27756433 https://
doi.org/10.1186/s13054-016-1483-2

127. Cohen RE, Anderson DL. Botulism: emotional impact on patient and 
family. J Psychosom Res 1986;30:321–6. PMID:3735176 https://doi.
org/10.1016/0022-3999(86)90009-7

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25879901&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25879901&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20156062&dopt=Abstract
https://doi.org/10.1086/651091
https://www.ahrq.gov/sites/default/files/publications/files/putoolkit.pdf
https://www.ahrq.gov/sites/default/files/publications/files/putoolkit.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25026607&dopt=Abstract
https://doi.org/10.1086/677144
https://doi.org/10.1086/677144
https://doi.org/10.1504/TBJ.2009.031683
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27756433&dopt=Abstract
https://doi.org/10.1186/s13054-016-1483-2
https://doi.org/10.1186/s13054-016-1483-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3735176&dopt=Abstract
https://doi.org/10.1016/0022-3999(86)90009-7
https://doi.org/10.1016/0022-3999(86)90009-7


Recommendations and Reports

30 MMWR / May 7, 2021 / Vol. 70 / No. 2 US Department of Health and Human Services/Centers for Disease Control and Prevention

CDC Technical Development Group
Lead: Agam Rao, MD.
Members: Dana Meaney-Delman, MD, Paula Rosenberg, Jeremy Sobel, MD, Viggy Parr, Kevin Chatham-Stephens, MD, Susan Maslanka, PhD, 
Carolina Luquez, PhD, Neal Lin, MD, Stephanie Griese, MD, Patricia Yu, MPH, Shannon Fleck, MPH, Eric Dziuban, MD, Barbara Mahon, MD, 
Susan Gorman, PharmD, Olga Henao, PhD, Satish Pillai, MD, Michael Bartenfeld, MPH, Michael Williams, MPH, Joy Hsu, MD, CDC.

CDC Steering Committee
Susan Gorman, PharmD, Patricia M. Griffin, MD, Samuel Groseclose, DVM, Georgina Peacock, MD, Nicki Pesik, MD, Brett Petersen, MD, 
Scott Santibanez, MD, Robert Tauxe, MD, Tracee Treadwell, DVM, CDC.

Federal Advisory Committee
Roman Bilynsky, MD, U.S. Army Medical Research Institute of Chemical Defense; Christopher Davis, MD, George Korch, MD, Sally Phillips, PhD, U.S. 
Department of Health and Human Services; David Cho, PhD, Dorothy Scott, MD, David Rouse, MS, Food and Drug Administration; Malcolm Johns, MS, U.S. 
Department of Homeland Security, U.S. Public Health Service; Susan Gorman, PharmD, Christopher Braden, MD, Dan Sosin, MD, Georgina Peacock, MD, CDC.

Diagnosis and Clinical Management Forum
Co-Chairs: Agam Rao, MD; Dana Meaney Delman, MD, CDC.
Members: Amesh Adalja, MD, University of Pittsburgh School of Medicine; Neeraj Badjatia, MD, University of Maryland School of Medicine; Rich Beigi, MD, 
University of Pittsburgh School of Medicine; Charles Cairns, MD, University of Arizona Health Sciences College of Medicine; Jeffrey Dichter, MD, Allina 
Health Sepsis Program & Critical Care Program; Margaret Fisher, MD, The Unterberg Children’s Hospital at Monmouth Medical Center; Aaron Gardner, 
MD, Eastern Idaho Regional Medical Center; Vita Kesner, MD, PhD, Emory University School of Medicine; Avindra Nath, MD, National Institutes of 
Health, National Institute of Neurological Disorders and Stroke, Section of Infections of the Nervous System; Gordon Peterson, MD, Loma Linda University 
School of Medicine; Elizabeth Walz, MD, Fairfield Medical Center; Max Wiznitzer, MD, Rainbow Babies and Children’s Hospital; Carolina Luquez, PhD,  
Jim Sejvar, MD, CDC.

Clinical Treatment Forum
Co-Chairs: Jeremy Sobel, MD, Karen Neil, MD, CDC.
Members: John Bradley, MD, University of California School of Medicine; Jarrod Bruce, MD, Fairfield Medical Center; Michael Christian, MD, Cleveland 
Clinic; Marion Danis, MD, National Institutes of Health, Department of Bioethics; Carl Eriksson, MD, Oregon Health & Science University; Robert Fisher, 
PhD, Food and Drug Administration; Leslie Grammer, MD, Northwestern University Feinberg School of Medicine; Catherine Hyndman, MD, Bristol Bay 
Area Health Corporation; Mohan Punja, MD, East Carolina University Department of Emergency Medicine; Lewis Rubinson, MD, PhD, University of 
Maryland School of Medicine; Jeanne Sheffield, MD, Johns Hopkins University School of Medicine; Colleen Terriff, PharmD, Washington State University 
College of Pharmacy; Eric Toner, MD, University of Pittsburgh School of Medicine; Pritish Tosh, MD, Mayo Clinic College of Medicine; Kenneth Tyler, MD, 
University of Colorado School of Medicine; Susan Maslanka, PhD, Leonard Ortmann, PhD, Scott Santibanez, MD, Patricia Yu, MPH, CDC.

Other Workshop Participants 
Edward Adams, Georgia College and State University; Pegah Afra, MD, University of Utah Health Services Center; Sharon Balter, MD, New York City 
Department of Health and Mental Hygiene; Paul Biedrzycki, MPH, MBA, City of Milwaukee Health Department; Mitchell Brin, MD, Allergan/University 
of California, Irvine; David Cornblath, MD, Johns Hopkins University School of Medicine; Greg Deye, MD, National Institutes of Health; Hilary Hewes, 
MD, University of Utah Health Services Center; John Hick, MD, Hennepin County Medical Center; Timothy Jones, MD, Tennessee Department of 
Health; Thivakorn Kasemsri, MD, Texas Tech University Health Sciences Center; Katie Kurkjian, DVM, Virginia Department of Health; Carmen Maher, 
RN, Food and Drug Administration; Shannon Manzi, PharmD, Boston Children’s Hospital; Mitchell Moriber, DO, Rolling Plains Memorial Hospital; 
Tia Powell, MD, Albert Einstein College of Medicine; Duc Vugia, MD, California Department of Public Health; Mary Watson, MS, Atlanta VA Medical 
Center; George Wendel, MD, University of Texas Southwest Medical Center; Ryan Fagan, MD, CDC.

Workshop Presenters
Timothy Babinchak, MD, Christine Hall, MD, Emergent Biosolutions, Inc.; Martina Badell, MD, Bassam Rimawi, MD, Emory University School of 
Medicine; Neeraj Badjatia, MD, University of Maryland School of Medicine; Mitchell Brin, MD, Allergan/University of California, Irvine; Jarrod Bruce, 
MD, Fairfield Medical Center; Michael Christian, MD, Cleveland Clinic, Marion Danis, MD, National Institutes of Health, Department of Bioethics; 
Jeffrey Dichter, MD, Allina Health; Shannon Manzi, PharmD, Boston Children’s Hospital; Gordon Peterson, MD, Loma Linda University School of Medicine; 
Pritish Tosh, MD, Mayo Clinic College of Medicine; Elizabeth Walz-Chin, MD, Fairfield Medical Center; Max Wiznitzer, MD, University Hospitals of Cleveland; 
Kevin Chatham-Stephens, MD, Stephanie Griese, MD, Carolina Luquez, PhD, Karen Neil, MD, Jeremy Sobel, MD, Patty Yu, MPH, Agam Rao, MD, CDC.

Collaborators from National Association of County and City Health Officials
Kelsey Edge, MPH; Amanda Lubit, DVM; Maddison Ferraro; Lisa Brown, MPH; Patrick Rose, PhD.

Consultants to the Technical Development Group
Stephen Arnon, MD, Jessica Khouri, MD, California Department of Public Health, Infant Botulism Treatment and Prevention Program; 
George Lewis, DVM, PhD, United States Army Medical Research and Development Command; Shannon Manzi PharmD; Murray Brandstater, MD, Loma 
Linda University; Mitchell Brin, MD, Allergan, University of California, Irvine; John Hick, MD, Hennepin County.

Other Contributors, Including Students and CDC Staff Members on Short-Term Assignment
Caroline Jackman, Julia Chen, Mandip Kaur, MPH, Shacara Johnson, MPH, Michael Judd, MPH, Connor Bridge, Eileen Huang, MPH, Heather Tubbs, MPH, 
Maliha Ishaq, Stephanie King, David Kazadi, PhD, Jesse O’Shea, MS, Ehren Dancy, Hannah Kisselburgh, Satish Pillai, MD, Anne Wagstaff, Rabahuddin Syed, 
Sana Matloub.

Facilitator at June 2016 Workshop
Lorine Spencer, PhD, CDC.









ISSN: 1057-5987 (Print)

The Morbidity and Mortality Weekly Report (MMWR) Series is prepared by the Centers for Disease Control and Prevention (CDC) and is available free 
of charge in electronic format. To receive an electronic copy each week, visit MMWR at https://www.cdc.gov/mmwr/index.html. 

Readers who have difficulty accessing this PDF file may access the HTML file at https://www.cdc.gov/mmwr/volumes/70/rr/rr7002a1.htm?s_
cid=rr7002a1_w. Address all inquiries about the MMWR Series to Editor-in-Chief, MMWR Series, Mailstop V25-5, CDC, 1600 Clifton Rd., N.E., 
Atlanta, GA 30329-4027 or to mmwrq@cdc.gov.

All material in the MMWR Series is in the public domain and may be used and reprinted without permission; citation as to source, however, is appreciated.

MMWR and Morbidity and Mortality Weekly Report are service marks of the U.S. Department of Health and Human Services.

Use of trade names and commercial sources is for identification only and does not imply endorsement by the U.S. Department of Health and Human Services.

References to non-CDC sites on the Internet are provided as a service to MMWR readers and do not constitute or imply endorsement of these organizations 
or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the content of these sites. URL addresses 
listed in MMWR were current as of the date of publication.

https://www.cdc.gov/mmwr/index.html
https://www.cdc.gov/mmwr/volumes/70/rr/rr7002a1.htm?s_cid=rr7002a1_w
https://www.cdc.gov/mmwr/volumes/70/rr/rr7002a1.htm?s_cid=rr7002a1_w
mailto:mmwrq@cdc.gov

	Clinical Guidelines for Diagnosis and Treatment of Botulism, 2021
	Introduction
	Methods
	Standards of Care: Conventional, Contingency, and Crisis
	Diagnosis of Botulism
	Monitoring Illness Progression in Patients with Botulism
	Treatment Considerations
	Botulinum Antitoxin Treatment
	Treatments Other than Botulinum Antitoxin
	Botulism, Antitoxin, and Breast Milk
	Critical Care: Considerations During Shortages
	Conclusion
	References



