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Following the introduction of black tar heroin mainly 
from Mexico in the 1980s, cases of wound botulism 
dramatically increased in the western United States. 
Contamination with spores of Clostridium botulinum of 
black tar heroin occurs along the distribution line. The 
heating of heroin powder to solubilize it for subcutane-
ous injection (“skin popping”) does not kill the spores. 
The spores germinate in an anaerobic tissue environ-
ment and release botulinum toxin type A or B. Unless 
skin abscesses are found in the patient, the clinical diag-
nosis is often challenging. Facilitation of the compound 
muscle action potential by repetitive nerve stimulation 
at 20 to 50 Hz is an important and rapid diagnostic 
test. Defi nite diagnosis is made by detection of botu-
linum toxin in serum or isolation of C botulinum from 
the abscess. Early treatment with equine ABE botulinum 
antitoxin obtained from the Centers for Disease Control 
and Prevention often shortens the time on a ventilator.

Introduction
The clinical features of botulism were recognized in antiq-
uity as far as back as Hippocrates. The illness remained a 
puzzle until 1897, when van Ermengem described the clini-
cal, toxicologic, and bacteriologic features of an outbreak 
of food-borne botulism. Van Ermengem demonstrated 
food-borne botulism was not due to an infection but to an 
intoxication produced by the bacillus, Clostridium botu-
linum. It has since become apparent that wounds could 
become infected with C botulinum, which produced toxin 
causing botulism. Until the early 1980s, wound botulism 
was uncommon (1–3 cases per year in the United States) 
and accounted for only 3% of botulism cases [1,2]. These 
cases resulted from anaerobic C botulinum wound infec-
tions following lacerations, open fractures, gunshot 

wounds, crush injuries, deep punctures, and contami-
nated general surgical procedures [3,4].

The fi rst published report of wound botulism associ-
ated with heroin usage appeared in 1985 [5]. Individual 
case reports appeared until 93 cases were reported from 
California in the late 1990s [4,6]. Now, about 30 cases of 
wound botulism associated with heroin usage throughout 
the western United States are reported annually to the 
Centers for Disease Control and Prevention (CDC) [7], 
and they represent 30% to 40% of all causes of botu-
lism. However, underreporting is suspected because drug 
addicts with early wound botulism often continue to use 
heroin and are reluctant to seek medical care. Without 
medical attention, mild cases would not be identifi ed 
and deaths could be reported as due to heroin overdose 
if the autopsy opioid toxicology screen was positive [6]. 
Similar cases of botulism associated with heroin injection 
are now appearing in the United Kingdom and in several 
European countries [8,9•]. Injection of contaminated 
cocaine or inhalation of contaminated cocaine or heroin 
occasionally causes wound botulism [10].

C botulinum, Botulinum Toxins, and 
Pathogenesis of Wound Botulism
C botulinum, a spore-forming, anaerobic, gram-positive 
bacillus, is found ubiquitously in soils around the world 
and some aquatic sediment [11•]. C botulinum spores 
are capable of surviving 100°C for at least 6 hours but 
are killed by temperatures of 120°C for 5 minutes [12]. 
Botulinum toxin is a family of serologically closely related 
neurotoxins called A, B, C1, D, E, F, and G. However, 
only toxin types A and B have been reported in wound 
botulism from heroin usage [4,13].

In wound botulism associated with heroin injection, 
C botulinum spores survive the heating of the mixture 
of contaminated heroin to dissolve the heroin before 
injection. When spores are injected subcutaneously or 
intramuscularly, they can germinate under anaerobic tis-
sue conditions. The bacilli then produce and release the 
botulinum toxin.

Botulinum toxin is a single-chained polypeptide with 
a molecular weight of 150,000 kDa [14]. It is subsequently 
transformed into its active structure by nicking with a pro-
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tease to produce di-chain peptides of about 100,000 and 
50,000 kDa. There are three major domains in the toxin. 
The heavy-chain peptide contains a receptor-binding site 
at the carboxy-terminus as well as a channel-forming 
domain in the amino-terminus. The lighter chain contains 
the internal toxin, which has enzymatic properties. The 
toxin is heat labile and denatured by heating above 85°C 
[11•]. It has been estimated that 6 pg, or 5 million mol-
ecules, of botulinum toxin are suffi cient to kill a mouse, 
making it the most potent biologic toxin known [15].

After release of the botulinum toxin by bacilli, the 
toxin is absorbed by the surrounding tissue and enters the 
blood. The toxin does not cross the blood–brain barrier 
[16] but does reach peripheral acetylcholine synapses. At 
the neuromuscular junction (NMJ), several steps then 
occur to allow the toxin to enter the presynaptic side of 
the synapse and cause synaptic dysfunction. The binding 
step involves attachment of the carboxy-terminus of the 
heavy chain to specifi c receptors on the presynaptic side 
of the synapse. Binding of botulinum toxin to its receptor 
is high-affi nity but is reversible until the toxin is internal-
ized into the cell through a receptor-mediated endocytosis 
about half an hour after attachment [14]. The toxin 
initially resides in an endocytic vesicle within the nerve 
terminal. As a proton pump acidifi es the vesicle, toxin 
conformation changes, enabling the light chain to cross 
the membrane of the endocytic vesicle and enter the cyto-
plasm where it travels to the presynaptic terminal. The 
light chain of each neurotoxin is a specifi c zinc-dependent 
endopeptidase that appears to cleave one critical exocy-
totic membrane fusion protein without requiring cofactors 
or energy. Neurotoxin A cleaves a synaptosomal-associ-
ated protein of 25 kDa molecular weight, and botulinum 
neurotoxin B cleaves synaptobrevin or vesicle-associated 
membrane protein [17••]. Current evidence implies that 
each of these synaptic proteins is required for exocytosis 
of acetylcholine-containing synaptic vesicles. When these 
proteins are dysfunctional, stimulus-induced and spon-
taneous quantal acetylcholine release on the presynaptic 
side of the cholinergic synapse is blocked [14]. The block-
age of acetylcholine release results in muscle weakness 
and failure of the cholinergic parasympathetic nerve to 
function. The duration of the synaptic blockade can last 
up to several months. Recovery from botulism occurs by 
the sprouting of new synapses and by the nerve cell body 
producing new soluble N-ethylmaleimide–sensitive fusion 
proteins and transporting them down to the synapse via 
axoplasmic fl ow [18].

Heroin Addiction and Black Tar Heroin
Heroin (known by the street names “smack,” “thunder,” 
“big H,” and “hell dust”) is a semisynthetic narcotic 
derived from the poppy plant, Papaver somniferum. Its 
earliest use dates back to 5000 BC in the Mediterranean 
region [19]. An estimated 3.7 million Americans have 

used heroin at some time in their lives, and more than 
300,000 report using it within the past year [20]. Most 
heroin addicts inject the drug intravenously, but some 
inject it subcutaneously (“skin popping”) or intramuscu-
larly (“muscling”) either on purpose or because they have 
diffi culty fi nding suitable veins.

The major foreign sources of heroin used in the United 
States are Mexico, Colombia, Burma, and Afghanistan 
[19]. In the western United States, Mexican black tar her-
oin (BTH) has predominated since its introduction in the 
1970s [6]. Its color ranges from black to dark brown, and 
its consistency ranges from sticky or gummy, like roofi ng 
tar, to solid like coal [6,19]. At several points along the 
distribution line, BTH is usually diluted (“cut,” “stepped 
on,” “hit on”) with materials such as sugar, methamphet-
amine, strychnine, xylocaine, quinine, or starch. Because 
of its black color, BTH may be cut with dirt or paper 
impregnated with shoe polish [6]. When used by the 
addict, the substance is added to a solvent—usually water 
or lemon juice—heated, and fi ltered through a cotton ball 
or cigarette fi lter before being drawn into a syringe for 
injection. Although the stage(s) at which C botulinum 
spores is introduced into the heroin is unclear, evidence 
suggests that it is late in the distribution line but rarely 
occurs when the user is dissolving the heroin for injection 
[6]. When injected into an anaerobic tissue environment, 
few spores are needed to initiate the infection.

Clinical Features
The clinical features of wound botulism from BTH differ 
slightly from those of food-borne botulism. The patients 
are adults typically in their 20s to 50s [5,6,8,21]. Females 
range from 30% to more than 50% of those affected 
[6,8]. Although women represent only about 23% of 
heroin users, the increased incidence of wound botulism 
probably occurs because women tend to inject the heroin 
subcutaneously more often than men [22]. American 
patients with botulism from BTH tend to be white or His-
panic and less often African American or Asian [6]. The 
reason for this is unclear but may refl ect Mexican BTH 
dealers’ wariness of African American buyers. Cases have 
no seasonal distribution and little geographic clustering 
[4,8]. Because heroin addicts inject frequently, the interval 
from spore injection to symptoms cannot be determined. 
However, based on other causes of wound botulism, the 
mean incubation period may be about 7 days [3].

Early signs and symptoms involve vision and cranial 
nerves. There is considerable variability in early symp-
toms, and some patients present with relatively nonspecifi c 
complaints. Particularly common are combinations of 
blurred vision, slurred speech, diffi culty swallowing, and 
weakness of head, face, and limb muscles. Some complain 
of nonspecifi c dizziness (not vertigo) or a dry sore throat. 
On examination, the blurred vision is usually from poor 
accommodation [23]. Pupils may not be dilated early. 
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Dysarthria and dysphonia are common. The weakness is 
often mild (4/5 in strength), symmetrical, and descending. 
Sensation is normal, and the mental status is normal unless 
the individual is intoxicated or withdrawing from heroin. 
Patients with wound botulism seldom complain of nausea 
and diarrhea, which differs from patients with food-borne 
botulism [1]. Patients are afebrile unless the skin abscess 
is markedly infl amed. Unless a history of drug addiction 
is obtained or a skin abscess is recognized, these patients 
are often discharged from emergency departments without 
botulism being considered in the differential diagnosis [24–
26]. One report estimated delays to correct diagnosis to be 
slightly more than 3 days, with some waiting weeks [4].

The early symptoms worsen over hours to several 
days as full-blown botulism signs and symptoms develop. 
Patients return to the emergency department with serious 
limb weakness, inability to swallow, dyspnea, and even 
respiratory failure [25].

Identifying a skin abscess is challenging and can be 
initially missed even in known drug addicts with multiple 
small scars along superfi cial skin veins in the arms and 
legs (“track marks”). This is because early C botulinum 
abscesses may not induce much swelling or redness. Nev-
ertheless, 50% to 85% of patients have infected-appearing 
skin lesions usually located on limbs or the buttocks [4,5]. 
Small abscesses on the inside of the thigh near the groin 
often are overlooked. Skin cellulitis or nasal mucosa with 
infected C botulinum also may be present [5,25].

Laboratory Findings
Botulism itself does not alter the blood hemogram, 
hepatic function tests, or electrolytes [11•]. The white 
blood cell count is normal in more half of the patients, 
and an elevated count usually comes from an infl amed 
skin abscess or secondary pneumonia. The cerebrospinal 
fl uid is always normal and does not contain botulinum 
toxin [4,11•]. Patients often have a positive urine toxicol-
ogy screen for opioids because they are continuing to use 
heroin up to admission. Neuroimaging is normal.

Electrodiagnostic Studies
Electrodiagnostic studies can rapidly assist in the diag-
nosis of botulism. In botulism, the compound muscle 
action potential (CMAP) amplitudes are typically small. 
Motor nerve conduction distal latencies and velocities are 
normal, as are sensory nerve action potentials. Routine 
needle electromyography (EMG) results are variable. 
Severely affected patients can have fi brillation and posi-
tive sharp wave potentials or no spontaneous activity at 
all. Motor unit action potentials tend to be small and of 
short duration, particularly in proximal muscles [21].

Repetitive nerve stimulation (RNS) is the mainstay 
of ascertaining disorders of the NMJ, especially when 
following the American Association of Neuromuscular 

and Electrodiagnostic Medicine’s practice guidelines for 
evaluating the NMJ [27]. Testing should be performed 
on symptomatic limbs, because false negative results can 
occur if testing is conducted at an asymptomatic site. 
Because early studies may produce normal fi ndings, repeat 
testing the following day is needed if clinical suspicion 
persists. Because RNS can be uncomfortable, especially at 
higher frequencies, we typically fi rst test the better-toler-
ated ulnar nerve to abductor digiti minimi. The tradeoff 
is increased movement artifact; therefore, the limb needs 
to be as immobilized as possible. However, if the test 
produces negative results, a more proximal test (eg, spinal 
accessory nerve to the trapezius) should be performed. 
Optimal study conditions require 1) anticholinesterase 
medications to be withheld 12 hours prior to testing if this 
can be done safely, 2) immobilization of the limb when 
possible, and 3) skin temperature over the recoding site to 
be maintained as close to 35°C as possible (cold facilitates 
NMJ transmission and can lead to false negative results).

The nerve should be stimulated at 20 to 50 Hz until 
four to 10 CMAPs are recorded. A positive test supportive 
of botulism or Lambert-Eaton syndrome will demonstrate 
at least a 100% increase in amplitude between the fi rst 
and last recording.

Another useful way to clinically diagnose botulism or 
Lambert-Eaton syndrome in patients who are not markedly 
weak is to measure the postexercise increase in CMAPs 
[27]. We typically perform a baseline 2 Hz stimulation 
of a mildly weak muscle for four responses to obtain the 
baseline percentage amplitude change and then exercise 
that muscle for 1 minute. Postexercise nerve stimulation is 
repeated with the same technique at 2 Hz immediately and 
then in 1-minute intervals for 5 minutes. Results compat-
ible with botulism are based on a reproducible postexercise 
increase in amplitude of at least 100% as compared with 
preexercise baseline value. Unfortunately, facilitation of the 
CMAP amplitude after exercise is not restricted to botulism 
and Lambert-Eaton syndrome. Other considerations include 
hypermagnesemia and polypeptide antibiotics such as neo-
mycin, streptomycin, kanamycin, and polymyxin B [28].

Single-fi ber EMG should be performed on a single 
(and possibly a second) muscle if RNS is normal and there 
remains a high index of suspicion for a NMJ disorder. The 
study is considered abnormal if greater than 10% of the 
fi ber potential pairs exceed normal jitter or have impulse 
blockade and/or mean jitter exceeds normal limits. Single-
fi ber EMG is occasionally the fi rst form of testing done on 
patients with mild bulbar or facial weakness and a high 
index of suspicion for wound botulism, because it is more 
sensitive than RNS [27].

Differential Diagnosis
The two most common illnesses considered in the dif-
ferential diagnosis of a patient with wound botulism are 
myasthenia gravis and the Miller Fisher variant of Guil-
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lain-Barré syndrome, both of which are more common 
than wound botulism. Features of myasthenia gravis that 
differ from wound botulism include a relative lack of 
autonomic nervous system involvement and a decremental 
response of the CMAPs (greater than 10%) to slow (2–10 
Hz) RNS. While posttetanic facilitation is rarely seen in 
myasthenia gravis, the remarkably small CMAP amplitude 
is unusual [29]. A positive Tensilon test may not be help-
ful to distinguish the two diseases because Tensilon tests 
have been reported to be positive in botulism [30,31].

The Miller Fisher variant of Guillain-Barré syndrome 
includes the triad of ophthalmoplegia, sensory ataxia, and 
hyporefl exia [32]. The ophthalmoplegia in particular can 
mimic botulism, but the ataxia is a clinically distinguish-
ing feature. Repetitive nerve studies are normal at both 
slow and fast frequencies. About 96% of patients with this 
variant test positive for the anti-GQ1b antibody. This anti-
body would be absent in botulism. Unfortunately, it can 
take weeks to obtain the test results, making it impractical 
to rapidly distinguish between the two disorders.

Less common diagnoses to be considered include 
Guillain Barré syndrome, diphtheric polyneuropathy, tick 
paralysis, poliomyelitis, organophosphate intoxication, 
Lambert-Eaton syndrome, aminoglycoside antibiotics, 
carbon monoxide poisoning, methanol, barium carbon-
ate, methyl chloride, atropine, mushroom poisoning, 
paralytic shellfi sh poisoning, hypermagnesemia, nerve 
gas poisoning, psychiatric illness, and the rare progres-
sive brain-stem stroke [1,4].

Establishing the Clinical Diagnosis of 
Wound Botulism
Table 1 lists useful criteria for clinical diagnosis. The 
most helpful and rapid diagnostic test is facilitation of the 
CMAP by RNS at 20 to 50 Hz of the nerve to a weak 
muscle. One must have a high index of suspicion because 
many patients are initially misdiagnosed. There is a con-
siderable delay of days to weeks before laboratory results 
for the defi nitive diagnosis return. As such, treatment 
with botulinum antitoxin must be given before defi nitive 
criteria are met.

Establishing the Defi nitive Diagnosis
Identifi cation of botulinum toxin in serum or abscess tis-
sue or growth of C botulinum organisms from the abscess 
establishes the defi nitive diagnosis. The toxin will not be 
present in stool. Local and state departments of health 
and the CDC should be notifi ed regarding the suspicion of 
botulism. Serum from the patient (15–20 mL) should be 
refrigerated but not frozen. It is usually then sent directly 
to the CDC or state laboratory following their instructions 
for safe, secure mailing by the fastest method. One should 
also include a list of medications the patient is taking; 
medications such as pyridostigmine have been reported 

to interfere with the mouse bioassay and can produce a 
false positive result [33]. The standard assay continues to 
be the botulinum toxin mouse lethality assay [1,34•]. In 
this assay, the patient’s serum, with or without specifi c 
botulinum antitoxin types, is inoculated intraperitoneally 
in laboratory mice. Mice given botulinum toxin without 
the correct botulinum antitoxin type develop signs of 
botulism, whereas animals given the correct antitoxin are 
protected. After the serum reaches the CDC, results of 
the serum mouse assay are usually available within a few 
days. In one series, botulinum toxin was detected from 
serum in 95% of 104 patients with wound botulism [4]. 
Although wound botulinum toxin is not present in stool, 
stool samples should be sent if food-borne botulism is 
also being considered.

Anaerobic cultures of the wound are usually done 
by placing the tissue specimen obtained at debridement 
into an anaerobic transport pack and refrigerating, but 
not freezing, the tissue sample, which can be sent to the 
CDC or a recommended laboratory. In addition, parts of 

Table 1. Helpful criteria for establishing a clinical 
diagnosis of wound botulism from contaminated 
heroin injection

Clinical history

History of injecting drugs, especially subcutaneous or 
intramuscular heroin

First neurologic symptoms that include combinations of 
blurred vision, dry sore throat, double vision, trouble 
talking, and diffi culty swallowing

Progressive worsening of symptoms that include 
symmetrical descending limb weakness and dyspnea

Clinical examination

Combinations of diplopia, bilateral ptosis, poor visual 
accommodation, dysarthria, dysphagia, and 
symmetrical limb and head muscle weakness

Normal sensory exam

Normal mental status exam (unless withdrawing 
from heroin)

Identifi cation of suspicious skin lesion that could be 
an abscess

Laboratory fi ndings

Normal white blood cell count unless there is an 
infl amed skin abscess or pneumonia

Normal cerebrospinal fl uid

Normal results of neuroimaging

Negative Tensilon test but occasionally can be 
falsely positive

Electrodiagnostic studies

Low-amplitude compound muscle action potential at 
supramaximal stimulation

Facilitation of compound muscle action potential 
following repetitive nerve stimulation at 20 to 50 Hz or 
postexercise facilitation
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the sample should be promptly inoculated into anaero-
bic liquid culture media [34•]. C botulinum culture and 
identifi cation usually takes several weeks. The frequency 
of isolating C botulinum from wound cultures varies by 
specimen and the likelihood that the abscess was actually 
infected with C botulinum. One study reported isolation 
from 65% of 41 specimens submitted to the laboratory 
[4]. It is also possible to detect free toxin directly from 
the abscessed tissue in about one-third of patients, but the 
laboratory must be asked to perform this laborious and 
expensive assay [4,34•]. Occasionally, closely related clos-
tridia such as Clostridium novyi have been isolated from 
the abscess [35].

Management
Patients with suspected wound botulism should be hospi-
talized—usually in an intensive care unit where they can 
be carefully observed and monitored because they often 
rapidly develop severe weakness and respiratory failure. 
Isolation of the patient is not necessary, because the toxin 
is not present in saliva, stool, or urine and is not absorbed 
through intact skin. The patient should undergo fre-
quent neurologic examinations, with attention to ability 
to breathe, adequacy of the gag and cough refl ex, abil-
ity to swallow and handle oropharyngeal secretions, and 
strength of the arms and legs [36]. A history of preexisting 
pulmonary problems, such as chronic obstructive pulmo-
nary disease, asthma, or obesity, should be determined 
because these conditions could hasten respiratory failure. 
Sedating drugs should be avoided when possible.

Frequent monitoring of pulmonary functions, 
including the use of bedside spirometry, is important. 
Monitoring only by pulse oximetry for oxygen desatura-
tion and respiratory rate for rapid breathing may not be 
suffi cient to predict impending respiratory failure. Oxy-
gen desaturation, as measured by arterial blood gases or 
pulse oximetry, or a labored and elevated respiratory rate 
may not develop until just before frank respiratory fail-
ure. Repeated measurements of vital capacity are helpful. 
When the vital capacity falls below 30% of predicted, one 
should consider elective intubation and mechanical venti-
lation, particularly if the paralysis is rapidly progressing 
and there is hypoxemia with absolute or relative hyper-
carbia on arterial blood gas measurements. If available, 
serial measurements of maximum negative inspiratory 
pressure can also predict impending respiratory fail-
ure. Feeding the patient orally or via a nasogastric tube 
should be done cautiously because patients may lack 
bowel sounds and have an ileus.

About 75% of patients develop signs of respira-
tory failure [37]. In a study of 20 patients, the authors 
reported no differences in need for a ventilator regardless 
of whether patients received antibiotics and debridement 
early in the clinical course. However, administration 
of botulinum antitoxin within 12 hours of admission 

reduced the need for and duration of mechanical ventila-
tion [37]. The duration of mechanical ventilation varies 
and requires special attention [38••]. One study reported 
that 80% of patients on mechanical ventilation required 
more than 30 days of support, and other studies reported 
means of 54 and 27 days on mechanical ventilation with 
ranges from 6 to 180 days [2,9•,37].

The CDC recommends administration of trivalent 
(types A, B, E) botulism antitoxin as soon as possible 
after the clinical diagnosis has been made. The antitoxin 
effectively eliminates toxin in blood and around the 
wound but does not remove toxin that has already entered 
the presynaptic terminal. Therefore, the antitoxin will 
not reverse paralysis that has occurred but often prevents 
progression of the weakness [39]. Treatment should be 
based on the clinical diagnosis without waiting for labo-
ratory confi rmation and should begin as soon as possible 
because the antitoxin is most effective when given within 
24 hours of symptom onset [39].

The antitoxin is produced in horses. Each 10 mL vial 
contains about 7000 IU of each botulinum type, and peak 
blood levels are reported to neutralize more than 100 
times that needed to neutralize circulating toxin found in 
all forms of botulism [40]. The half-life of the circulat-
ing antitoxin is 6 to 7 days [40]. The CDC recommends 
administering by slow intravenous infusion one vial of 
antitoxin diluted 1:10 with a 0.9% saline solution [41]. 
Administration of equine antitoxin may produce allergic 
reactions, and the antitoxin should not be given to indi-
viduals with known allergies to equine products. Studies 
using the older, two-vial recommendation found that about 
9% of recipients developed urticaria, serum sickness, or 
other reactions suggestive of hypersensitivity [42]. Experi-
ence with the new one-vial recommendation suggests that 
the incidence of allergic reactions is lower (< 1%) but of a 
similar nature. Diphenhydramine and epinephrine should 
be available during the antitoxin administration should 
allergic reactions develop. A few patients with wound 
botulism from California were discovered to have residual 
botulinum toxin in serum following antitoxin administra-
tion [4]. As such, it may be prudent to collect serum the 
day following antitoxin administration for repeat botuli-
num toxin assay. If residual toxin is present, a second vial 
of the antitoxin may be necessary.

Hospitals do not carry botulinum antitoxin. To 
obtain the antitoxin, one must contact local and state 
health departments and the CDC, (call (770) 488-7100 
in an emergency or after hours). The CDC has several 
emergency distribution storage sites of the antitoxin 
throughout the United States and also can have it fl own 
to the patient.

Patients with wound botulism should have the wound 
surgically debrided. Ideally after administration of the anti-
toxin, penicillin at a dose of 10 to 20 million units per day 
should be administered for 7 to 10 days or longer if neces-
sary to clear the wound infection [4,26]. More than 90% 
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of C botulinum strains are also susceptible to tetracycline, 
metronidazole, and chloramphenicol [2,4]. Aminoglycoside 
and clindamycin antibiotics should be avoided because they 
may worsen the paralysis due to their potential to increase 
presynaptic neuromuscular blockade [43].

The mean length of acute hospital stay is 29 days and 
can range up to 90 days [9•]. Patients then often require 
transfer to a rehabilitation hospital to regain limb strength, 
which may takes several additional weeks. Mortality from 
all types of wound botulism is 10% to 15% [9•,44], but 
the rate specifi cally associated with injection drug usage 
is unknown. Those who survive the acute illness usually 
make a good recovery. The time to full recovery varies by 
the type of toxin (botulinum type A is more toxic than 
type B [45]) and the intensity of the exposure.

Patients requiring ventilator assistance often report 
continued marked fatigue, exercise intolerance, general 
weakness, dry mouth, and shortness of breath up to a 
year or more (Mann et al. [46] and personal experience). 
In animal studies and human volunteers given intramus-
cular injections of the toxin into specifi c muscles, the time 
to recovery of normal muscle functioning was about 12 
months [47]. It is important to warn patients that they do 
not produce neutralizing antibodies to the type of botuli-
num intoxication they experienced. The amount of toxin 
necessary to paralyze a human is below that necessary for 
immunization. As such, they can again develop wound 
botulism from contaminated injectable drugs. This has 
been reported twice in patients with wound botulism [4].

Conclusions
Wound botulism from heroin contaminated with C botu-
linum spores represents more than 30% of all botulism 
cases. High clinical suspicion helps establish a prompt 
clinical diagnosis, which is confi rmed by assay of serum 
or tissue samples for botulinum toxin or growth of the 
bacteria from tissue. Early treatment with equine botu-
linum antitoxin obtained from the CDC often shortens 
time to recovery.
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