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ABSTRACT

Tetanus is a potentially fatal disease that occurs after
contamination of a wound with Clostridium tetani spores.
The introduction of comprehensive infant vaccination
programmes in the 1960s dramatically reduced the
incidence of tetanus in the UK. To achieve comprehensive
protection against tetanus, the World Health Organization
guidelines recommend the administration of the five-dose
childhood immunisation regimen and an additional sixth
dose. after approximately 10 years, to ensure long-lasting
immunity. To supplement these measures, tetanus
prophylaxis with human tetanus immunoglobulin is
considered essential for incompletely immunised indivi-
duals presenting with dirty wounds. However, identifying
those individuals who are not fully immunised has, until
recently, been problematical. The use of a new rapid,
point-of-care immunoassay 10 assess letanus immune
status may facilitate the optimal management of patients
with wounds.

The use of comprehensive infant vaccination
programmes has dramatically reduced the inci-
dence of tetanus in westernised countries. The
World Health Organization (WHO) management
guidelines recommend a six-dose tetanus vaccina-
tion course to ensure long-term immunity to the
disease. There is a concern that changes in the UK
Department of Health tetanus guidelines and the
lower seroprotection rates in certain demographic
populations may compromise the management of
patients entering the emergency department with
high-tetanusrisk wounds. This review discusses
the potential implications of suboptimal tetanus
seroprotection rates in patients presenting with
wounds. It goes on to consider ways of accurately
assessing tetanus seroprotection status in the
emergency department to ensure that individual
patients receive the most appropriate tetanus
prophylaxis.

LITERATURE SEARCH

The literature was searched in November 2008
through PubMed (http://www.ncbinlm.nih.gov/
sites/entrez) for articles published in English since
2000 using the search terms tetauns, wound and
jrophylaxis. A total of 110 articles were identified.
Articles describing vaccination programmes in
general terms or neonatal tetanus were excluded.
Articles  subjectively deemed relevant were
retrieved, and the reference lists were reviewed
for additional articles of interest. WHO sites were
searched for current data on the incidence of
tetanus. Emergency medicine conference proceed-
ings were also reviewed for data of interest.
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TETANUS INCIBENCE

Tetanus is a potentially fatal disease that occurs
after contamination of a wound with Clostridiun
tetani spores, which are ubiquitous in the environ-
ment. Spores are able to grow in the anaerobic
wound environment, releasing a highly potent
neurotoxin that causes tetanus symptoms of muscle
spasm and rigidity.! The muscle rigidity initially
involves the jaw (hence “lockjaw”) and neck
{episthotonus) but can progress to become more
generalised, at which point the patient requires
respiratory suppoit and intensive care and is at a
significant mortality risk. However, presentation is
varied and can present as localised tetanus, where
the rigidity is only in one muscle group close to the
site of injury or in cephalic form presenting as cranial
nerve palsies after head wounds. The introduction of
comprehensive infant vaccination programmes in
the 1960s dramaticaily reduced the incidence of
tetanus in the U7 Surveillance has estimated the
current annual incidence at about 0.2 cases per
million, which is comparable with that in other
westernised countries.” * Some groups are at greater
risk of developing tetanus, particularly older indivi-
duals with an incomplete vaccination history," *
with the UK incidence being highest in those >
64 years (approximately .66 cases per million).” In
recent years, sporadic tetanus outbreaks have also
occusred in intravenous drug users.” *

TETANUS VACCINATION
Immunity to tetanus requires effective immunisa-
tion, as the small amount of toxin able to cause
disease symptoms is not sufficient to trigger an
immune response.” In the UK, all parents are offered
primary tetanus immunisation for their infant
children, comprising doses at 2, 3 and 4 months
and two boosters administered before starting and
before finishing school.'! Tetanus vaccines are pro-
duced by formaldehyde inactivation of tetanus toxin
to produce the toxoid.? Tetanus toxoid is adminis-
tered in a variety of forms: the diphtheria~pertussis-
tetanus and diphtheria--tetanus vaccines are cur-
rently used in children; tetanus toxoid alone and the
tetanus-diphtheria vaccine, containing a reduced
amount of diphtheria toxoid, are used in adults;
and the alternative tetanus-diphtheria-pertussis for-
mulation can be used in adolescents and adults.' * ™
In addition, if a patient presents with a dirty wound
that could ke infected with C tetani, treatment can be
given in the form of antibiotics and human tetanus
immunoglobulin (HTIG), to ensure instant protec-
tion, and/or a toxoid booster dose.! ¥ 't However, it is
difficult to identify tetanus-prone wounds.”

The primary tetanus vaccinations trigger small
and transient antibody responses, but the fourth
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dose and boosters, given approximately 5 and 10 vears later, aim
to ensure long-lasting protection.’ Individuals who have
received a complete five-dose vaccination course should have
immunity to tetanus that persists for about 20 years."™ After
this time, additional booster doses are given to travellers going
to regions where medical attention is not available.! This
implies that using the UK regimen, those >33 years may
experience reducing immunity.

TETANUS VACCINATION GUIDELINES

To achieve comprehensive protection against tetanus, the WHGO
guidelines recommend administration of the five-dese childhood
immunisation regimen and an additional sixth dose, after
approximately 10 years, to ensure longdasting immunity. To
supplement these measures, tetanus prophylaxis with HTIG is
considered essential for incompletely immunised individuals
presenting with dirty wounds." This conflicts with the current
UK Department of Health guidelines, which consider five
vaccine doses to be sufficient to provide long-term immunity, as
long as HTIG is given as prophylaxis for high-risk wounds® "
and extra toxoid doses are administered when travelling to areas
with limited medical resources. Tt has been noted that the
change in UK policy, in the absence of long-term immunity
data, may primarily be an attempt to reduce the likelihood of
adverse reactions with additional benefits in terms of time and
healthcare resource implications,” but there is, as yet, no
evidence regarding change in incidence of tetanus.

However, some data indicate that restricting immunisation
to five tetanus toxoid doses may compromise immune status:
Simonsen er af® showed that serum tetanus antitoxin titres
gradually subside after immunisation. As a result, 28% of
individuals, who had undergone full primary vaccination, had
low antitoxin titres 25-30 years later."” This decline in antitoxin
titres may lead to older people having insufficient protection.™
Such findings have led the Australia and New Zealand health
authorities to not only recommend the full six-dose immunisa-
tion schedule but also offer additional boosters later in life.™

The changes in UK wound management guidelines may not
have been adopted by some emergency deparements. Savage et al'’
assessed the teranus prevention practises in staff across 67 English
emergency departments. The survey estimated that tetanus
guidelines were consistently followed by 29% of emergency
department stafl, with most staff erring of the side of caution
when assessing tetanus risk status. In addition, 46% of staff who
responded stated that they would give a sixth booster toxoid dose
if the previous administration had occurred >10 years before.
These findings indicate that many clinicians are managing
wounds in fine with the WHO guidelines rather than the most
recent UK recommendations. Because the UK policy change was
not based on a failure of previous practise, it has been suggested
that this more rigorous management approach may be appro-
priate.” High non-compliance with guidance in Italy has been
reported, with only 1.5% of physicians following guidance.”

DETERMINING TETANUS PROTECTION STATUS

Because tetanus usually results from C terani growth and toxin
production in a wound, hospital emergency departments are most
likely to see patients at risk of the disease. Data from the USA
have estimated that approximately 5.8% of emergency hospital
visits involve the treatment of open wounds and management of
potential infection complications.” In the UK, it has been
estimated that about 11% of emergency department visits are
for the treatment of lacerations.' Effective immunity against C
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tetani relies on the presence of sufficiently high antibody levels
being present at the wound site. A number of studies have
assessed adult teranus seroprotection rates {(antitoxin levels of >
0.1 or >0.15 TU/ml) in countries with comprehensive vaccination
programmes: protective antitoxin levels were seen in 72% to 90%
of patients in the USA,™ * 80% in England and Wales™ and 64% in
Belgivm. ™ Of note was the observation that the degree of
protection was lower in oider people (31% to 60% in individuals >
60 years™ * in the USA, UK and Belgiumy}, in women (64% to 86%
in the US studies™ **) and in immigrants (52% te 75% in the US
studies” ™' and 45% to 52% in the Belgian study™}.

Civen the variability in tetanus Seroprotection rates, the
emergency medicine clinician needs to identify which patients
presenting with wounds require either a booster toxoid dose or
prophylactic HT1G. Traditionally, this is done by questioning
patients as to their immune status, a practise that is highly
imprecise. Fishbein et a7 showed that only 57% of patients were
able to correctly recall their tetanus vaccination status. When
considered in terms of seroprotection data, incorrect recall of
immunisation status led to 57% of wound patients who needed
additional prophylaxis not receiving it.” Laboratory tests asses-
sing serum antitoxoid levels have relied on an ELISA. However,
this method is too technically demanding and time-consuming to
be of much use to the emergency medicine clinician.® Given the
uncertainties faced when treating a high-tetanus-risk wound, a
rapid and accurate means of assessing seroprotection status would
be beneficial. The facility to determine a patient's tetanus
immune status at the point-of-care would have two major
advantages: firstly, it would minimise the risk of acute tetanus by
ensuring that unprotected individuals receive prophylactic HTIG.
Secondly, it would reduce the fikelihood of overtreatment in those
identified as seroprotected.

A new single-step immunoassay has recently been described
that can determine tetanus seroprotection status within 10 min-
utes using one drop of bloed. The ProTetanus diagnostic kit
(Prospect Diagnostics, Dronfield, Derbyshire, UK) has been
evaluated in a number of emergency departments in France,
Beigium and Korea (as the Tetanos Quick Stick). Comparison of
the test with the gold standard ELISA demenstrated about 80%
sensitivity and 100% specificity at identifying tetanus seroprotec-
tion status in emergency departments in two French studies (77%
specificity and 98% sensitivity in the work of Colombet ¢t a/* and
87% sensitivity and 100% specificity in the work of Ardelean-Jaby
et al¥) and one Korean study (80% sensitivity and 99%
specificity™). One study described a slightly lower specificity
(879%) value for the test when using a threshold antitoxoid level of
0.15 IU/ml. However, this is higher than the threshold recom-
mended by the WHO, and reanalysis of the data using the
recommended 0.1 IU/ml results in sensitivity and specificity
values (85% and 94%, respectively) in line with those found by
other studies.” When considered in terms of identifying the most
appropriate treatment for patients with wounds, the Tetanos
Curick Stick was estimated as having 98% predictive accuracy for
identifying patients with seroprotection and 92% accuracy at
identifying those with low antitoxold levels™ In contrast,
assessment of vaccination history has 82% predicative accuracy
when identifying scroprotection and 46% accuracy when
identifying low antitoxoid levels.” A study in Belgium suggested
that use of the test in the emergency department would reduce
the number of booster injections by 40% and the number of HTIG
administrations by 80%.7 A cost-effectiveness analysis estimated
that the Tetanos Quick Stick would prevent unnecessary
intervention in 57% of patients, thereby reducing the tctal
treatment cost per patient from €11.34 to €10.58" Updated
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Figure 1 Proposed medification to
tetanus prophylaxis using immunoassay.
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analyses estimate a cost saving per patient of approximately €5.*
This has been equated to a cost saving, to a French emergency
department, of €4096 over 3 months.” The use of the Tetanos
Quick Stick has been incorporated into the French Ministry of
Health recommendations for wound management.”

As, in the UK, emergency departments use HTIG less
frequently but tetanus toxoid is more expensive (€11.08), the
estimated cost savings based on the model of Stubbe er al*
would be about €0.74 per patient. Extrapolating to a UK
emergency department seeing 50 000 patients per annum, with
11% of cases being lacerations, annual savings of €4070 could be
expected. However, significantly greater benefit is seen when
restricting Tetanus Quick Stick use to patients <61 years,™
where unnecessary treatment is avoided in 77% of patients and
the cost per patient is reduced from €11.34 to €8.31. Selective
use of the assay in this group of patients (assuming that
approximately 18% of patients are >61 years) would result in
an annual cost saving of approximately €13 304 for a UK
emergency department. This costing model assumes that the
older age group would automatically receive a toxoid booster as
the tetanus seroprotection rates are inherently low.

THE INCREASING NEED FOR KNOWLEDGE OF TETANUS
SEROPROTECTION STATUS

In the UK, it is assumed that all individuals born after the 1960s
have undergone a full tetanus vaccination programme and,
having received at least five tetanus toxoid doses, have lifelong
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immunity. However, recent studies indicate that this may not
be the case and suggest that wound management guidelines
incorporate assessment of tetanus antitoxin status for indivi-
dual patients.”

A number of studies indicate that tetanus seroprotection
rates may be lower in immigrant populations, as comprehensive
immunisation programmes are not available in some areas.* *
WHO initiatives mean that the global incidence of tetanus has
fallen dramatically in recent decades, with the number of cases
reported annually having fallen as worldwide immunisation has
increased to approximately 85%.% Despite the overall high
global level of immunisation, the coverage rate in certain
countries in Africa, Asia and South America is notably lower,
and immigrants from such regions may have inadequate
seroprotection.* In addition, certain westernised countries have
an unexpectedly high tetanus incidence given their reported
vaccination coverage—for example, on the basis of WHO data,”
the incidence of tetanus in Poland is 0.6 cases per million despite
99% immunisation coverage. Although the overall tetanus
immunisation rate in Turkey has been estimated at 90%,*
some studies suggest that some regional levels may be
substantially lower.®® Limitations in the vaccination status in
certain immigrant populations have led to the occurrence of
acute tetanus in the UK in recent years.*

A lower incidence of seroprotection has also been noted in older
individuals.® # * A general decline in immune function means
that older people do not develop antibodies as quickly and that
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the magnitude and persistence of the antitoxoid response are
blunted." As a result, careful assessment of tetanus seroprotection
status is warranted in older patients to ensure that inappropriate
treatment does not put them at risk of developing acute
tetanus™ ¥ An additional application of the point-of-care assay
could inveolve regularly monitoring individuals, as part of a
personalised healthcare system, to ensure that tetanus protection
status is effectively maintained throughout life.

Some studies have shown that patients attending an
emergency department with a wound may receive unnecessary
booster or HTIG doses.™ ¥ The consequences of such over-
immunisation are usually considered in terms of the cost
implications and the risk of adverse effects.™ The adverse effects
assoclated with administration of tetanus booster doses usually
comprise local hyperergic reactions™ and neuritis and neuro-
pathies, the incidence of which may be underestimated.™ A
recent report suggests that administration of tetanus toxoid to
individuals who are already seroprotected may also result in a
transient, attenuated booster response that compromises
efficacy and may lead to the development of tolerance™
Should this prove to be the case, access to a rapid and effective
assay for tetanus antitoxoid status will also be important in
preventing overimmunisation.

CONCLUSIONS

Various studies show that guestioning patients with wounds as
to their tetanus immunisation status is ineffective at identifying
those in need of either an antitoxoid booster or HTIG
administration. This problem is probably being exacerbated by
low levels of sercprotection in certain imumigrant populations
and may be further compromised in future older populations by
the current UK tetanus management guidelines. The new point-
of-care tetanus antitoxoid assay {ProTetanus) is a promising
methodology that may help to clarify the seroprotection status
of the individual patient. The adoption of such a test should
help ensure that patients who need tetanus protection receive it
and that boosters or MTIG are not given unnecessarily and
should alse prove to be clinically and economically beneficial.
Trials of its use are required to determine its role in routine
wound management guidelines. Further research is required te
determine the relative amendments of UK and WHO guidelines
by establishing knowledge of decreasing immunity with time
after various regimes.
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