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Tetanus

Debilitating Infection

Timothy W. Ferrarotti, DHSc, PA-C, FAAPA

Tetanus is a devastating disease that can be prevented by proper immunization and
wound care. Although the incidence is low in the United States due to widespread routine
vaccination, immunization coverage remains below target, especially in older adults.
Since outcome is influenced by the clinician's ability to make a timely diagnosis and
initiate appropriate care, continued appreciation of tetanus is warranted.
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LEARNING OBJECTIVES

* Recognize patients who are at
risk for tetanus.

® Describe the clinical
presentation of tetanus.

¢ Discuss proper treatment for a
patient with tetanus.

* Promote widespread
vaccination against A
tetanus. éﬁ"E
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infection by the gram-positive, spore-forming

anaerobic bacillus Clostridium tetani. The bacte-
rium, in spore form, typically enters the body through
a contaminated soft-tissue wound. Ubiquitous in the
environment, C tefani spores are found throughout the
world—in soil as well as in animal feces and saliva—and
are resistant to temperature extremes and antiseptics.
Tetanus is infectious but not contagious (not transmit-
ted person-to-person).! Wounds with devitalized tissue
or those supporting anaerobic conditions, such as bites,
puncture wounds, burns, and gangrene, are conducive
to the development of tetanus. Infection can also oc-
cur following dental extractions, abortions, and illicit
drug injection.! Although vaccination programs have
decreased the incidence of tetanus in the United States,
C tetani infection remains an ongoing clinical concern
because the spores are omnipresent, universal vacci-
nation coverage has not been achieved, and vaccine-
immunity wanes over time, placing individuals at risk.

T etanus is a neurologic disorder resulting from

PATHOPHYSIOLOGY

C tetani produces two toxins: tetanolysin and tetano-
spasmin (tetanus toxin). Tetanolysin may have a role
in promoting the diffusion of tetanospasmin in soft
tissues.” Tetanospasmin is a highly potent toxin, with
a lethal dose in humans of less than 2.5 ng/kg of body
weight.® The toxin enters the peripheral nerve at the
site of injury and migrates to the central nervous sys-
tem (CNS). There, it causes unopposed a-motor neu-
ron firing by preventing the release of inhibitory neu-
rotransmitters such as y-aminobutyric acid (GABA),
resulting in muscle spasms and excess reflexive re-
sponse to sensory stimuli.* It also leads to excessive
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catecholamine release from the adrenal
medulla.!

Tetanospasmin binds to neurons in the
spinal cord and brainstem. Because toxin
binding is irreversible, resolution of tetanus
requires the neurons to grow new axon ter-
minals. The effects of tetanus can persist for
six to eight weeks until new terminals devel-
op.*® Patients often require several weeks of
ventilator support during this time.?

EPIDEMIOLOGY

Tetanus continues to be a serious cause of
morbidity and mortality worldwide. The
majority of cases (80%) occur in Africa and
Southeast Asia.® Incidence is much lower
in the United States (0.1 cases per million
persons annually) because of widespread
vaccination, with only 233 cases of tetanus
reported between 2001 and 2008.” However,
in the absence of confirmatory tests, the di-
agnosis is a clinical one; furthermore, there
is no laboratory reporting program for teta-
nus. As a result, more cases may occur in
the US than are detected or reported.

In developed countries, tetanus is pri-
marily a disease of the elderly or the un-
vaccinated. Older persons, especially non-
veterans, are less likely to have received
the primary series. Because immunity de-
creases with age, even those who complet-
ed the primary series but have not received
booster doses are at increased risk.? Home-
schooled children, who are not subject to
school-entry vaccination requirements, are
also at risk if unvaccinated.®

Neonatal tetanus is an ongoing problem
in undeveloped countries that lack mater-
nal vaccination programs. (Maternal im-
munization successfully reduces neonatal
tetanus via passive immunity, and mater-
nal tetanus via active immunity.) Unvac-
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cinated women who undergo nonmedical
abortions or unhygienic childbirth are at
increased risk for tetanus.*>'°

Other risk factors for tetanus include
wound contamination with soil, saliva, or
devitalized tissue; injection drug use; and
exposure to anthropogenic or natural di-
sasters.! C tetani spores can contaminate
heroin and may grow in abscesses of heroin
users.* Small outbreaks of tetanus among
injection drug users have been reported,
even among younger adults who had some
immunity from childhood vaccination.”!
In addition, patients with diabetes are at in-
creased risk for tetanus. These patients may
have chronic wounds due to slowed healing
and poor vascularity, which can lead to low-
er oxygen tension in their wounds and cre-
ate an environment conducive to anaerobic
infection. These chronic wounds are often
ignored as a potential nidus for tetanus; in-
stead, focus is placed on plantar puncture
wounds or lacerations.”

Though tetanus risk is greatest for those
who were never fully immunized, cases
have been reported in persons who were
immunized in the remote past but had not
received a recent booster. Such cases show
that tetanus immunity is not absolute and
does wane over time.’>'* Among the 233
tetanus cases reported in the US during
2001-2008, vaccination status was reported
for 92. Of these, 24 patients had a complete
series and 31 patients had at least one prior
dose of tetanus vaccine.” Furthermore, six
cases occurred in patients known to have
had the four-dose series and a booster with-
in 10 years of diagnosis. Similarly, a 14-year-
old boy who was fully vaccinated developed
cephalic tetanus from a stingray wound.'
Given these data, clinicians should not as-
sume that a patient who reports having had
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TABLE 1

Ablett Classification of Tetanus Severity

Grade | Severity Clinical features

I Mild Mild to moderate trismus; general spasticity; no respiratory compromise; no spasms; little or
no dysphagia

Il Moderate Moderate trismus; well-marked rigidity; mild to moderate short spasms; moderate respiratory
involvement with respiratory rate > 30 breaths/min; mild dysphagia

1l Severe Severe trismus; generalized spasticity; reflex prolonged spasms; respiratory rate > 40 breaths/
min; apneic spells; severe dysphagia; tachycardia greater than 120 beats/min

vV Very severe | Grade Il with autonomic dysfunction involving the cardiovascular system; severe hypertension

Sources: Afshar et al. Ann Intern Med. 2011"; Cook et al. Br J Anaesth. 2001.°

persistent

“a tetanus shot” is completely protected; a
full series and regular boosters are required,
and, in rare cases, tetanus can occur despite
full vaccination.

PATIENT PRESENTATION

AND TETANUS TYPES

The CDC describes tetanus as “the acute
onset of hypertonia and/or painful mus-
cle contractions (usually of the muscles of
the jaw and neck) and generalized muscle
spasms without other apparent medical
cause.”*® Clinicians should always consider
tetanus in patients with dysphagia and tris-
mus, especially if the patient has a wound,
had not received primary vaccination, or
has not had a booster in several decades.
Tetanus cannot be ruled out based on the
lack of a wound, however, since up to 25%
of patients who develop tetanus have no
obvious site of inoculation.'® The incuba-
tion period ranges from 3 to 21 days, with
more severe cases having shorter incuba-
tion periods (< 8 days).!® The closer the site
of inoculation is to the CNS, the more seri-
ous the disease usually is—and the shorter
the incubation period will be.

Presentation depends on the time
elapsed since inoculation, the severity of
illness (determined by the Ablett classifica-
tion; see Table 1), and the form of tetanus
involved. The patient may present early
when the infection and toxin are localized
to the wound and have not progressed to
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and tachycardia alternating with relative hypotension and bradycardia, either of which may be

the CNS (localized tetanus). There may be
a wound with signs of infection, including
erythema, induration, edema, warmth, ten-
derness, and drainage. If the injury is on the
head or neck, cephalic tetanus may occur,
causing the patient to present with painful
spasms of the extra-ocular, facial, and/or
neck muscles; trismus; dysphagia; or even
a Horner-like syndrome. The patient with
more advanced, generalized tetanus may
have decorticate posturing, abdominal wall
rigidity, or opisthotonus.»*517

Four types of tetanus have been de-
scribed: generalized, localized, cephalic,
and neonatal.

Generalized tetanus is the most com-
mon form, accounting for approximately
80% of cases.! It may involve contractions
of the masseter muscles, producing trismus;
facial muscles, producing risus sardoni-
cus (sardonic smile); neck and shoulder
muscles; abdominal wall muscles, mimick-
ing guarding; and back muscles, producing
opisthotonus (arching of the back, neck,
and head; see Figure 1) and decorticate pos-
turing (flexion and adduction of the arms,
clenched fists, and extension of the lower
extremities).">S Patients with generalized
tetanus often exhibit hyperresponsiveness
to the environment. As a result, noises and
sudden light changes may result in acute
spasms. In addition, patients may experi-
ence painful spasms when affected muscles
are palpated. Affected reflex arcs are usually
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hyperresponsive to stimuli.! Intermittent
spasms of the thoracic, pharyngeal, and/
or laryngeal muscles may cause periods of
apnea. Autonomic effects of tetanus mimic
those associated with the catecholamine
excess of pheochromocytoma. Patients ex-
hibit restlessness, irritability, diaphoresis,
fever, excessive salivation, gastric stasis,
hypertension, tachycardia, and arrhythmia.
There may be interposed hypotension and
bradycardia.>'

Localized tetanus involves painful spas-
tic contraction of muscles at or near the site
of inoculation. It often evolves into gener-
alized tetanus as the toxin spreads further
into the CNS.

Cephalic tetanus involves facial and la-
ryngeal muscles. It is rare, accounting for
1% to 3% of tetanus cases.® Patients may
initially have flaccid paralysis, mimick-
ing stroke, rather than spasm, because the
toxin has not completely migrated up the
peripheral nerve into the CNS. As the tox-
in enters the CNS and induces the typical
spasm (trismus), the diagnosis will be more
obvious. The presence of trismus or a sub-
acute wound on the head may be used to
discriminate tetanus from stroke. Cephalic
tetanus often evolves into generalized teta-
nus, affecting more of the body in a caudal
direction.’

Neonatal tetanus develops within one
week after birth. The neonate with tetanus
is usually born to a mother lacking immu-
nization. Typically, the infant sucks and
feeds for the first couple of days, then de-
velops inability/refusal to suck/feed, has
difficulty opening his/her mouth, becomes
weak, and develops muscle spasms.® The af-
fected child may develop risus sardonicus,
clenched hands, dorsiflexion of the feet,
and opisthotonus.?

DIFFERENTIAL DIAGNOSIS

The clinician should consider other CNS
conditions in the differential diagnosis (see
Table 2, next page). Although similar to
generalized seizures, tetanus causes pain-
ful spasms and does not produce a loss of
consciousness.'” Tetanus, intracranial
bleed, and meningitis all can cause menin-
gismus; meningitis, however, is more likely
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FIGURE 1
Opisthotonus

to manifest with other symptoms of infec-
tion, such as headache and fever. Although
the autonomic dysfunction of tetanus can
cause pyrexia, fever would usually coincide
with other sympathetic symptoms, such
as hypertension, tachycardia, and diapho-
resis. Intracranial bleeding tends to have
a more rapid onset than tetanus and pro-
duces headache and mental status changes.
Seventh nerve palsy produces muscle flac-
cidity, not spasm, and is usually painless
unless associated with herpetic inflam-
maﬁon_1,5,6,14,17

Poisoning and medication effects should
also be considered. Strychnine poison-
ing manifests similar to tetanus but occurs
without a wound.® Blood and urine assays
for strychnine can be diagnostic. Dystonic
reactions resulting from neuroleptic medi-
cations—such as phenothiazines—include
torticollis, oropharyngeal muscle spasms,
and deviation of the eyes. Unlike tetanus,
drug-induced dystonia does not cause re-
flex spasms and often resolves with benz-
tropine or diphenhydramine administra-
tion.! Neuroleptic malignant syndrome
can also cause muscular rigidity and auto-
nomic instability, but unlike tetanus, it of-
ten causes altered mental status; it should

TETANUS

Severe spasm
of the back
muscles typical
of generalized
tetanus.

Source: CDC,
Office of the
Associate
Director for
Communications,
Division of Public
Affairs.
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TABLE 2

Differential Diagnosis

Dystonic reaction
Hypocalcemia

Intracranial hemorrhage

Meningitis
Metabolic alkalosis

Odontogenic abscess
Peritonsillar abscess
Seizure

Seventh nerve palsy
Styrchnine poisoning

Neuroleptic malignant syndrome

be considered in patients who recently re-
ceived a causative medication.>'"

Tetanus often manifests with reflexive
muscle spasms similar to those seen in elec-
trolyte and acid-base abnormalities. Hypo-
calcemia may produce a reflexive spasm of
the facial muscles when the facial nerve is
percussed (Chvostek sign), while alkalemia
may produce reflexive spasm of the hand
and wrist muscles (Trousseau sign).! Lab
tests can rule out these diagnoses."®

A patient with an odontogenic abscess
may have pain and muscle spasm/trismus,
but the infection is usually easily detected
on exam. The clinician should be cautious
in attributing the trismus solely to the swell-
ing, however, as C tetani has been found in
odontogenic abscesses and the patient may
have both."'” Peritonsillar abscess will of-
ten produce trismus. When abscess is the
cause, careful examination of the orophar-
ynx will usually demonstrate tonsillar exu-
date, hypertrophy, soft tissue erythema, and
tenderness, as well as a misplaced uvula.!

DIAGNOSIS

Tetanus is a clinical diagnosis, usually made
based on the findings described. Confirma-
tory lab tests are not readily available. The
organism is infrequently recovered in cul-
tures of specimens from suspected wounds
(30% of cases).'!! Serologic testing on spec-
imens drawn before administration of teta-
nus immunoglobulin (TIG) may indicate
very low or undetectable antitetanus anti-
body levels, but tetanus can still occur when
“protective” levels of antibodies are pres-
ent.! Detection of tetanus toxin in plasma
or a wound with bioassays and polymerase
chain reaction might be possible, but these
tests are only available in a few settings.?
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THE MULTIFACETED CARE PLAN
The primary care provider should refer a
patient with suspected tetanus to an emer-
gency department, preferably a tertiary care
center with the necessary specialists. Pa-
tients are likely to require prolonged hospi-
talization. In a recent series of tetanus cases
in California, the median length of hospital-
ization was 18 days.'? Treatment is multifac-
eted; interventions include immunization,
wound care, administration of antibiotics
and other pharmacologic agents, and sup-
portive therapy (see Table 3, page 56).

Immunization

All patients with suspected tetanus should
immediately receive both passive (with
TIG) and active (tetanus toxoid-contain-
ing vaccines) immunization. Because of the
extremely high potency of tetanus toxin, the
very small amount of toxin that is required
to cause tetanus is insufficient to prompt
an immune response that would confer im-
munity. Therefore, treatment is the same
regardless of whether the patient had prior
disease.'®

TIG binds to and neutralizes unbound
tetanospasmin, preventing progression of
the disease. As noted, TIG will not reverse
the binding of the toxin to nerve structures.®
Due to alack of prospective studies, there is
disagreement regarding TIG dosage: Doses
as high as 3,000-6,000 U have been recom-
mended, but case studies indicate that the
dosage recommended by the CDC (500 U)
is likely effective.”® The full CDC recommen-
dation is 500 U of human-derived TIG intra-
muscularly administered at locations near
and away from the wound (but always away
from the tetanus toxoid injection site).!%'
Outside the US, equine-based TIG may be
the only option. Animal-derived TIG is less
desirable because of increased allergy risk;
when used, a small amount (0.1 mL) should
be first administered as an intradermal
test.'”

Tetanus toxoid immunization produces
active immunity. It is currently available in
combination antigen forms (tetanus and
diphtheria vaccine [Td], tetanus-diphthe-
ria-acellular pertussis [Tdap] vaccine). The
dose of either is 0.5 mL. Patients with teta-
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nus should receive three doses given intra-
muscularly: immediately, at 4 weeks, and at
6 to 12 months."

Wound care

Wound care should include incision and
drainage, removal of foreign bodies, de-
bridement, and irrigation. These steps are
taken in order to ensure an aerobic environ-
ment in the wound, ultimately decreasing C
tetani survival.!

Antibiotics

The preferred antimicrobial agent for treat-
ing tetanus infection is metronidazole 500
mg intravenously (IV) every 6 hours."*!”
Penicillin (2 to 4 million U IV every 4 to 6
hours) is effective against C tetani, but it is a
GABA-receptor antagonist and may worsen
tetanus by further inhibiting the release of
GABA.M'%18  GABA-receptor antagonism
may also occur with cephalosporins; how-
ever, these broader-spectrum agents may
be necessary to treat mixed infections.'” Al-
ternatives include doxycycline, macrolides,
and clindamycin.!

Other pharmacologic treatment
Benzodiazepines (eg, diazepam 10 to 30
mg IV) can help control rigidity and muscle
spasms and are a mainstay of tetanus treat-
ment.'® Benzodiazepines and propofol both
act on GABA receptors, producing sedation
in addition to controlling muscle spasms.'®
Traditionally, more severe spasms, such
as opisthotonus, have required induction
of complete paralysis with nondepolar-
izing paralytics, such as pancuronium or
vecuronium. However, paralysis is not op-
timal therapy since it necessitates sedation,
intubation, and mechanical ventilation.
Because tetanus does not resolve for 6 to
8 weeks, patients who require mechanical
ventilation will also require tracheostomy
to prevent laryngotracheal stenosis. Paraly-
sis and mechanical ventilation can also lead
to deep venous thrombosis, decubitus ul-
cers, and pneumonia.’ The ideal treatment
would reduce the spasms and autonomic
instability without the risks associated with
deep sedation and paralysis.®

Other agents used in the treatment of tet-
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anus include magnesium sulfate, which can
decrease muscle spasm and ameliorate the
effects of autonomic dysfunction, and intra-
thecal baclofen, which can decrease muscle
spasm.'®?® Patients with persistent auto-
nomic dysfunction may require combined
a- and 3-adrenergic receptor blockade.!'72

Supportive care

It is important to implement supportive
care, including limiting auditory and tactile
stimulation, as well as providing adequate
hydration and nutritional support. IV fluids,
parenteral feeding, and enteral feeding are
required. Measures should be taken to pre-
vent complications of prolonged immobil-
ity, paralysis, and mechanical ventilation,
including deep venous thrombosis, pulmo-
nary embolism, and pressure ulcers. The
quality of supportive care and the swiftness
with which the diagnosis is made and ap-
propriate treatment is initiated are key fac-
tors that determine an individual patient’s
outcome.?!

COMPLICATIONS AND MORTALITY
Tetanus can lead to many complications,
including long bone and spine fractures
from severe muscle spasms, as well as renal
failure and aspiration. Most spinal fractures
involve the thoracic spine, but lumbar spine
fractures have been reported.?> Burst-type
fractures of the vertebrae may cause cau-
da equina syndrome or directly injure the
spinal cord if fragments are retropulsed.?
Persistent muscle spasm can also cause
rhabdomyolysis and renal failure. Lab test
results, including elevated levels of creatine
phosphokinase and myoglobin (rhabdomy-
olysis) as well as blood urea nitrogen and
creatinine (renal failure), can indicate pres-
ence of complications. Muscle relaxation
and hydration are key to prevention.
Patients with trismus are often unable to
swallow and maintain oral hygiene, leading
to caries and dental abscess. The trismus it-
self can also cause dental or jaw fractures.>'®
Aspiration can occur when laryngeal mus-
cles are affected, resulting in pneumonia in
50% to 70% of autopsied cases of tetanus.!®
Additionally, the paralyzed patient receiv-
ing ventilatory support can develop pneu-
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TABLE 3
Fundamentals of Tetanus Treatment

Control of spasms and autonomic dysfunction with sedation,
muscle relaxants, and paralysis

Wound care with debridement and IV antibiotics

Neutralization of unbound tetanospasmin with tetanus
immunoglobulin

Supportive care, including IV fluid hydration, nutrition, and
prevention of complications

monia, deep vein thrombosis, and pulmo-
nary embolism.>®* Neonatal tetanus often
results in complications such as cerebral
palsy or cognitive delay.'

A number of factors influence the se-
verity and outcome of tetanus. Untreated
tetanus is typically fatal, with respiratory
failure the most common cause of death
in settings where mechanical ventilation
is unavailable.! Where mechanical ventila-
tion is accessible, autonomic dysfunction
accounts for most deaths.® Ventilation
aside, the case-fatality rate varies accord-
ing to the medical system. The rate is often
less than 20% where modern ICUs are avail-
able but can exceed 50% in undeveloped
countries with limited facilities."® A review
of outcomes data for 197 of the 233 tetanus
cases reported in the US during 2001-2008
(modern medical care was provided in
all) showed an overall case-fatality rate of
13.2%.7

Age and vaccination status also affect
outcomes, with higher case-fatality rates
seen in older (18% in those > 60, 31% in
those > 65) and unvaccinated (22%) pa-
tients.”'* In the study of tetanus cases from
2001-2008, the fatality rate was five times
higher in patients ages 65 or older com-
pared with patients younger than 65.7 This
study also showed that severity of tetanus
may be inversely related to the number of
vaccine doses the individual has received,
and that having previous vaccination was
associated with improved survival, as only
four of the 26 deaths occurred in patients
with prior vaccination.”

Patients who survive the first two weeks
of tetanus have a better chance of recovery.
Those with multiple chronic comorbidities,

56 Clinician Reviews ® APRIL 2017

such as chronic obstructive pulmonary dis-
ease (COPD), diabetes, or cardiovascular
disease, are more likely to die because of
the physiologic stress of the illness and its
treatment."”!? The provision of ventilator
support is more complicated in those with
COPD; similarly, the autonomic effects of
tetanus can be more problematic for pa-
tients with chronic cardiac disease or neu-
rologic complications of chronic diabetes.'?

PATIENT EDUCATION
Widespread vaccination against tetanus,
which began in the US in the mid-20th
century, has greatly reduced disease in-
cidence.” However, vaccination coverage
rates remain below target.

In 2012, only 82.5% of children ages 19
to 35 months received the recommended
four doses of diphtheria-tetanus-pertussis
(DTaP) vaccine, and 94.3% received at least
three doses.”® Only 84.6% of teens ages 13 to
17 years received the primary four doses as
well as the recommended booster dose.?
The same year, only 55% of patients ages 65
and older and 64% of adults ages 19 to 64
had received a tetanus booster within the
previous 10 years.”

Vaccination rates are lower for black,
Hispanic, and Asian adults in the US.* Cli-
nicians should proactively recommend
tetanus booster immunization to all adults.

CONCLUSION

Although few clinicians in developed coun-
tries will see a case of tetanus, all should be
alert for it. Elderly patients and those not
fully vaccinated are at risk. Routine immu-
nization decreases but does not eliminate
the risk. Tetanus differs from other illnesses
controlled by national immunization efforts
in that unvaccinated persons do not benefit
from herd immunity, because the disease is
not contagious. The diagnosis is clinical and
should always be considered in patients
with trismus, dysphagia, and/or adrener-
gic excess. Wounds that place a patient at
risk for tetanus involve devitalized tissues
and anaerobic conditions. Prompt diagno-
sis is essential, because it allows for early
neutralization of unbound tetanospasmin.
Wound care including debridement, antibi-
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