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Abstract

Maternal and neonatal tetanus is still a substantial but preventable cause of mortality in many
developing countries. Case fatality from these diseases remains high and treatment is limited by
scarcity of resources and effective drug treatments. The Maternal and Neonatal Tetanus
Elimination Initiative, launched by WHO and its partners, has made substantial progress in
eliminating maternal and neonatal tetanus. Sustained emphasis on improvement of vaccination
coverage, birth hygiene, and surveillance, with specific approaches in high-risk areas, has meant
that the incidence of the disease continues to fall. Despite this progress, an estimated 58 000
neonates and an unknown number of mothers die every year from tetanus. As of June, 2014, 24
countries are still to eliminate the disease. Maintenance of elimination needs ongoing vaccination
programmes and improved public health infrastructure.

Introduction

Elimination of maternal and neonatal tetanus is a key area in global public health policy.
Although much progress has been made in reduction of the incidence of maternal and
neonatal tetanus during the past two decades, it remains a leading cause of preventable
neonatal mortality in some countries.1,2 Without medical care, mortality from neonatal
tetanus is close to 100%, often exceeding 50% even with hospital care.3-5

Maternal immunisation has resulted in 82% of today’s newborn babies being protected from
tetanus.6 Since the 2007 Lancet Seminarl on this subject, 24 additional countries have
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achieved elimination status (35 out of the 59 countries targeted had achieved elimination as
of June, 2014), although this still falls short of the outcome predicted in the previous
seminar of all but 11 countries having eliminated the disease by 2009. Partial elimination of
maternal and neonatal tetanus has been validated in India, Ethiopia, and Indonesia. 161
million women of childbearing age have been targeted with tetanus toxoid supplementary
immunisation activities and 128 million have received two doses of tetanus toxoid.7

Epidemiology

Tetanus is caused by the contamination of wounds with Clostridium tetani spores in
individuals without protective circulating antibodies. In maternal tetanus, infection occurs
after abortion, miscarriages, or unhygienic delivery practices, whereas neonatal tetanus
infection usually occurs through the umbilical stump after delivery. Inadequate maternal
vaccination and poor perinatal hygiene contribute to the occurrence of the disease. Unlike
many other infectious diseases, tetanus elimination needs continuing vaccination
programmes because the tetanus spores are widespread in soil and faeces throughout the
world.

The case definition for confirmed neonatal tetanus is “a neonate with the normal ability to
suck and cry during the first two days of life, and between 3 and 28 days of age cannot suck
normally and becomes stiff or has spasms (ie, jerking of the muscles)”.8 In 1988, the World
Health Assembly passed a resolution to eliminate neonatal tetanus by the year 2000, a
disease then estimated to kill roughly 800 000 neonates a year, causing 6-7 deaths per 1000
livebirths. Elimination is defined as fewer than one case per 1000 livebirths in every district
in every country. By the end of 1999, 57 countries (mainly in Asia and Africa; figure 1) were
still to achieve the target and a renewed initiative was launched by WHO and its partners,
UNICEF and the UN Population Fund.9 The deadline for elimination was extended to 2005
and the endpoint was changed to include the elimination of maternal tetanus because both
are prevented by the same measures.

Maternal tetanus is defined as tetanus during pregnancy or within 6 weeks of the end of
pregnancy (birth, miscarriage, or abortion). No formal reporting system exists for maternal
tetanus, although elimination is assumed to occur with neonatal tetanus elimination.
Implementation of the Maternal and Neonatal Tetanus Elimination Initiative has involved
three main strategies: immunisation, birth hygiene, and surveillance.10

Immunisation of women who are pregnant or of childbearing age reduces neonatal tetanus
mortality by an estimated 94% (95% CI 80-98).11,12 Data from rural North India suggest
that 16% of neonatal deaths (78 632 cases per year) can be attributed to the failure to receive
two doses of tetanus toxoid.13 In addition to routine immunisation during childhood, along
with boosters every decade, the Maternal and Neonatal Tetanus Elimination Initiative uses
two main immunisation programmes.7,9 The original approach was to strengthen the routine
immunisation of women during pregnancy (see “Prevention” section). However, in many
areas, this method alone was insufficient and led to the development of supplementary
immunisation activities (SIAs). These normally involve the immunisation of all women of
childbearing age in areas at high risk of maternal and neonatal tetanus, and use various
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approaches, such as school-based programmes or community-based initiatives. In Nepal,
immunisation coverage increased from 45% of women receiving the recommended dose of
tetanus toxoid to more than 80% after SIA activities during 2000-04.14 Similar coverage
rates were reported in Papua New Guinea in a programme targeting 1.6 million women.15
Because tetanus arises from a combination of poor birth hygiene and deficient
immunisation, immunisation initiatives are likely to have the biggest effect in communities
with high rates of home births or births with traditional attendants.

Most births in countries of low and middle income occur outside hospital facilities. Data
from 2005 to 2012 show only 60% of births in countries of lower middle income occur with
skilled birth attendants.16 In Africa, this proportion is less than 50%. Studies in Africa and
Asia show that interventions to improve education and birth hygiene have a substantial effect
on maternal and neonatal tetanus, even without vaccination programmes.17 In 2012, China
was validated as having eliminated maternal and neonatal tetanus but, unlike other countries,
much of this success has been ascribed to improved birth hygiene and increased inhospital
delivery rates, without specific vaccination schemes. Safe motherhood strategies modelled
by UNICEF were promoted alongside education and improvements in infrastructure. By
2011, 98% of babies were born in hospital, compared with 65% when the programme began
in 2000.18,19

Neonatal tetanus is vastly under-reported: many births occur at home and unknown numbers
of births and deaths are never recorded. One of the major challenges in the Maternal and
Neonatal Tetanus Initiative has been accurate validation of local and national elimination.
Strengthening of local reporting systems has been prioritised and methods such as education
of local community workers and traditional birth attendants, and engagement of the private
sector have been used. Lot-quality assurance and cluster surveys have been used to assess
endpoints more accurately at a district level. Typically, districts within a country that are
most likely to perform poorly are chosen. Such surveys are subject to limitations, with
selection bias likely to lead to overestimation of vaccination coverage, as the same
population is likely to be missed.20 Cases of neonatal tetanus are likely to be under-
reported.21 In some areas, improvements in the speed, accuracy, and detail of data collection
have been achieved by linking neonatal tetanus to other surveillance programmes, such as
the acute flaccid paralysis monitoring system.14,21 Improved data dissemination and the
availability of additional detail, such as geographical and demographic information, has
enabled the design and implementation of SIA programmes to target at-risk populations
more effectively.15

To date, 24 countries are yet to eliminate maternal and neonatal tetanus, and the most recent
strategic plan aims to achieve tetanus elimination by 2015.10,22 Since 1987, global deaths
from neonatal tetanus have fallen from an estimated 787 000 deaths in 1987 to 58 000 in
20107 (figure 2). The proportion of neonatal deaths caused by tetanus fell from 14% in 1993
to 1.7% in 2008.2

Maternal tetanus was estimated to kill 15 000-30 000 women per year in 1993.23 No recent
data are available but its incidence is likely to have fallen substantially because of the
increase in maternal vaccination coverage, although in some countries, it remains an
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important preventable cause of morbidity and mortality. For example, in a recent analysis of
8220 livebirths at one hospital in Nigeria, 5-4% of maternal deaths were due to puerperal
tetanus.24 The ongoing elimination of maternal and neonatal tetanus represents a continuing
challenge. The most recent strategic plan aims to vaccinate 49 million women through SIAs
in 2013 and 2014.10 To achieve this goal, geographically remote areas must be reached,
political barriers removed, and social issues addressed. Good maternal health services are
central to maternal and neonatal tetanus prevention. The authors of a large study of women
from Kenya, Namibia, Nepal, and India concluded that gender inequality was still
significantly associated with unequal access to reproductive health care, including tetanus
prevention, so this is an issue that still remains to be addressed.25

Abortion-related tetanus

Abortion-related tetanus is a specific problem, with a higher associated mortality compared
with tetanus arising from other portals of entry.4 Reliable data regarding the incidence of
postabortion tetanus are not available. Studies in Bangladesh in the late 1990s suggested that
55% of tetanus-related deaths in women and girls aged 10-50 years were due to
postabortion tetanus, and national data showed that 35% of pregnancy-related tetanus deaths
were due to abortion.26 Fauveau and colleagues,23 in an analysis of 1101 cases of maternal
tetanus in developing countries, concluded that 27% of cases were secondary to abortion.

Traditional abortion methods commonly involve high-risk practices, such as the insertion of
sticks, herbs, or roots into the cervix, or the use of unsterile surgical instruments. An
estimated 22 million unsafe abortions occurred in 2008.27 Women who use these methods
are unlikely to seek conventional health care and thus might miss pregnancy-linked
vaccination services. Adolescents might be too young to access maternal programmes.
Although standard infant immunisation is likely to confer protective antibodies to a
sufficient level until antenatal boosters are given, adolescents will be at risk of tetanus in
areas where infant immunisation is deficient. In one study done in the 1990s,28 serum
concentrations of antitetanus 1gG were undetectable in 27% of Nigerian adolescents who
reported having had at least one abortion. WHO guidance on standards for abortion,
including sterilisation procedures designed to protect against tetanus, provides no
recommendations on concomitant immunisation strategies.29

Pathophysiology

Tetanus is caused by the toxin produced by the Gram-positive bacillus C tetani, which is an
obligate anaerobe. Their spores, by contrast, are highly resistant and can tolerate air,
extremes of temperature, and common disinfectants. Spores of C fetani are mainly found in
human and animal faeces, soil, and manure, and have been isolated throughout the world.
Environmental factors, such as flooding and typhoons, can increase the number of C fetani
spores in the soil, potentially increasing the risk of tetanus infection after natural disasters.30
The spores enter the body through contamination of both deep and superficial wounds, and
can transform in anaerobic conditions. The bacteria do not multiply in healthy tissue with
normal oxygen tensions, but are able to grow and multiply in the low-oxygen-tension
environment in devitalised or necrotic tissue.
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Strains of C tetani can be differentiated by variations in flagellar antigens and their ability to
produce tetanus toxin. Genome sequencing has revealed the presence of multiple virulence
factors, including tetanolysin O, haemolysin, and fibronectin, as well as proteins involved in
cell-wall binding.31 Only bacteria capable of producing tetanus toxin are able to cause
disease. Tetanus toxin is encoded on plasmid pE88, which also encodes the gene for its
direct transcription regulator.32 The origin of this plasmid is unclear because much of its
sequence is unique to C ftetani.31

Tetanus toxin is one of the most potent toxins identified, with a median human lethal dose of
less than 2:5 ng/kg.33 Similar to all clostridial toxins, it exerts its effect by very specific
action on one of the soluble N-ethylmaleimide-sensitive fusion attachment protein receptor
proteins involved in synaptic vesicle release.34 However, unlike most botulinum toxins,
which mainly act at the neuromuscular junction, tetanus toxin is transported into the CNS.
This ability to travel retrogradely inside neurons has led to recent interest in tetanus toxin as
a means of mapping neuronal connections or as a vehicle for transporting therapeutic agents
into the CNS.35

The toxin is produced as a single-chain, 150-kDa protein, which is then cleaved to produce a
heavy and light chain of 100 and 50 kDa, respectively. The toxin is released during the
stationary phase of bacterial growth or after cell lysis. The two subchains remain linked by a
disulphide bond. The N-terminal domain of the heavy chain is involved in translocation of
the light chain into the cytosol from an endosome. The C terminus is further subdivided into
two parts, with the C-terminal subsection of the C-terminus being necessary for binding and
internalisation into the neuron.36,37

Tetanus toxin enters the nervous system at the neuromuscular junction after binding to
polysialogangliosides and other molecules in lipid rafts in the neuronal membrane.37,38 The
toxin is transported in the neuron along the same pathways as brain-derived neurotrophic
factor, p75 neurotrophin receptor, and tropo-myosin-related kinase B.39 The toxin is then
trancytosed to preganglionic inhibitory interneurons via as yet unclear mechanisms.35 The
N terminus of the heavy chain triggers translocation of the light chain into the cytoplasm.40
The light chain has zinc-dependent endopeptidase activity and cleaves vesicle-associated
monophosphate 2 (Synaptobrevin), preventing its action in synaptic vesicle docking and
neurotransmitter release.34 Tetanus toxin therefore inhibits presynaptic inhibitory
interneurons, resulting in disinhibition of motor neuron discharge.

Clinical features

The clinical signs and symptoms of tetanus result from disinhibition of motor neuron
discharge, causing hypertonus and spasm of skeletal muscle. In severe forms, additional
autonomic nervous system dysfunction can occur. Distinct stages of disease progression are
noted and correlate with toxin uptake and action. The incubation period is defined as the
time between wound contamination and the first symptom, and is the period during which
toxin release and transport occurs. The period of onset is the time during which generalised
muscle spasms subsequently develop.
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In neonatal tetanus, infection occurs via the umbilical cord, which can become contaminated
during cutting with unsterile instruments at birth or because of substances being applied to
the cord (eg, animal faeces), meaning that the incubation period is equal to the age at which
symptoms develop. The median incubation period is 5-7 days (range 3-24) after birth.3,4
Neonates present with refusal to feed, with difficulty in opening the mouth due to trismus.41
Sucking then stops and facial muscle spasm can produce risus sardonicus. The hands often
become clenched, along with dorsiflexion of the feet and increased muscle tone, progressing
to rigidity and opisthotonus (spasm of spinal extensors). Spasms of the limbs develop early,
initially provoked by physical, auditory, or visual stimuli, but eventually occurring
spontaneously.

In most cases, maternal tetanus presents as a generalised form, affecting all muscle groups.
Incubation periods in older children and adults are usually longer than in neonates, with
means of 7-10 days (range 2—38).42—44 The period of onset is typically 24-72 h. Both
periods of time are shorter the more severe the disease.4,42,44 Maternal tetanus arising from
internal entry sites (postpartum, postabortional, or intramuscular injection) are associated
with higher mortality than tetanus arising from other entry sites.4,45,46

Proximal muscle groups are usually affected first in maternal tetanus and, similar to neonatal
tetanus, initial symptoms invariably include trismus,43 with risus sardonicus often evident.
Pharyngeal and laryngeal muscle involvement results in airway compromise at an early
stage. Respiration is further compromised by tension and spasm in respiratory muscles.
Opisthotonus also occurs and can result in spinal fractures.47,48

Autonomic nervous system dysfunction occurs in severe tetanus, usually becoming apparent
during the second week of illness. Cardiovascular manifestations are the most common and
include labile blood pressure, tachycardia, bradycardia, and arrhythmias. Circulating
concentrations of noradrenaline and adrenaline, as indicated by urinary excretion, are higher
in tetanus compared with those measured in other critical illnesses, and normal
cardiovascular regulation is impaired.49,50 Direct catecholamine-related necrosis has been
shown at autopsy and tumour necrosis factor a-associated dysfunction has also been
implicated in the pathophysiology.51 Electrocardiograms of 33 patients in Dakar (Senegal)
showed more than one abnormality in 93% of patients, despite normal echocardiography.52

Localised forms of tetanus can occur, which are generally milder with a better prognosis,
although localised cephalic tetanus is associated with increased airway and respiratory
complications.

Mortality from maternal and neonatal tetanus is high. Adult mortality rates up to 52% are
reported in Asia and Africa.42,43,53-56 Neonatal mortality is even higher, ranging from 3%
to 88% in these regions.57-61 Most tetanus occurs in rural areas. Mortality is highest in
patients not admitted to hospital, and delayed admission to hospital is associated with worse
outcomes in neonatal tetanus.62—64 Facilities for ventilation and intensive care are
associated with improved outcome in both neonatal and non-neonatal tetanus.45,65,66
However, with improved respiratory support, cardiovascular and other respiratory
complications then become apparent.45,65,67,68
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Low birthweight (especially <2.5 kg), young age at presentation, fever, generalised rigidity,
and risus sardonicus are associated with worse outcome in neonatal tetanus.58 A meta-
analysis of 4535 cases69 of neonatal tetanus (from studies published between 1974 and
2011) concluded that low birthweight and age at onset were the most important prognostic
factors (low birthweight: odds ratio [OR] 2-09, 95% CI 1-29-3-37), with the combination of
a low birthweight of less than 2.5 kg and an age at onset of younger than 6 days most
significant (OR 6-8, 95% CI 2:42-19:11). In maternal tetanus, rapid progression (short
incubation and period of onset), an internal entry site, and underlying disease are all
significant indicators of worse prognosis.42-44

Tetanus can take 6-8 weeks to resolve completely, with spasms often lasting 2—3 weeks.70-
72 Both adults and neonates can need ventilation for several weeks (median 23 days, range
17-60) and intensive care for longer.65,70 Data for long-term sequelae are scarce. In
patients in a hospital in northwestern Tanzania, Chalya and colleagues4?2 reported that 8-6%
of survivors were discharged with permanent disability, such as a persistent vegetative state,
limb amputations, and gait abnormality. Neurological impairments of persistent rigidity and
memory loss were described in a study of Bangledeshi patients, with a total of three of 75
patients discharged with permanent disability.43 Muscle rigidity was reported in all 45
surviving patients at discharge in a study in Thailand.67

Few studies have examined sequelae of neonatal tetanus, but complication rates are likely to
be even higher. The authors of one Kenyan study found that 20-40% of survivors of
neonatal tetanus had evidence of brain damage, manifesting as microcephaly and mild
neurological, developmental, or behavioural problems.73 Complications of cerebral palsy,
cognitive delay, and deafness were described in 20% of survivors in one Nigerian case
series.62 These complications might be caused by the hypoxia and hypoglycaemia
commonly detected during the clinical course.

The diagnosis of tetanus is clinical, and criteria for neonatal tetanus diagnosis are described
in the previous section. The differential diagnosis of neonatal tetanus includes birth
asphyxia, hypoglycaemia, hypocalcaemic tetany, and seizures. Few conditions truly mimic
generalised maternal tetanus.

C tetani can be cultured from entry sites with oxygen-reduced blood agar or meat broth,74
but facilities are often not available and interventions should not be delayed. Bedside
inoculation of media has been reported to improve detection rates. A serum antitetanus 19gG
concentration higher than >0-1 IU/mL (taken before antitoxin is given) is accepted as
sufficient protection against tetanus infection and would make the clinical diagnosis less
likely.75,76 Bioassay or PCR detection of tetanus toxin in plasma or wound exudates can
also be used, although these are rarely available in most settings.74,77

Management

Management of maternal and neonatal tetanus involves toxin neutralisation, bacterial
elimination, and symptomatic control, with supportive care. Most data for tetanus treatment

Lancet. Author manuscript; available in PMC 2017 July 04.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Thwaites et al.

Antibiotics

Page 8

are derived from observation or studies in adults. Evidence to support most therapies used in
treatment is scarce. Since the publication of Roper and colleagues’ Seminar in 2007,1 there
have been only four randomised controlled trials of treatment in tetanus (three in adults78—
80 and one in neonates81), involving a total of 190 patients, and there have been no trials of
novel therapies or regimens. In the same period, two meta-analyses have been published,
with one including only one study82 and the other including three,83 two of which were
published after 2007. Research into effective treatments is hampered by the settings in which
most tetanus occurs—often rural and remote, and in low or low-middle income countries
with few resources—and the unwillingness of funding bodies to support research into a
vaccine-preventable disease.

Although comprehensive accounts of tetanus treatment in adults have been published,
including the management of tetanus in pregnancy,68,84,85 there are few accounts of
specialist neonatal tetanus care.86

Intravenous penicillin and metronidazole are first-line treatments in both maternal and
neonatal tetanus. Antibiotic sensitivity testing is not routine, but a study of 45 isolates of C
tetaniin Vietnam74 revealed all isolates to be sensitive to metronidazole and penicillin, but
resistant to co-trimoxazole. Prolonged infection occurred in this study despite antibiotic
treatment because C fetani grows in devitalised anaerobic conditions in which antibiotic
penetration is poor.

Parenteral antitoxin

Antitoxin reduces mortality. Outcomes do not differ between patients treated with equine-
derived antitetanus serum or human tetanus immunoglobulin.87 Globally, equine-derived
antitetanus serum is most widely used, although human tetanus immunoglobulin is
preferred, as recommended by the Centers for Disease Control and Prevention88 and the UK
Health Protection Agency.75 Current doses are based on studies done in the 1960s, but dose
regimens remain controversial.89 Blake and colleagues87 found that there was no difference
in outcome in those receiving less than 500 IU of tetanus immunoglobulin compared with
higher doses. The difficulties caused by restricted availability of tetanus immunoglobulin
supplies have led to new guidance stating that human normal immunoglobulin can be used in
its place.75 This decision is based on theoretical considerations after assay of antitoxin 1gG
concentrations in a few commercially produced products, and prospective comparative trials
or studies on generalisability to other preparations have not been done.

Intrathecal antitoxin

Administration of antitoxin via the intrathecal route has been of interest for several decades.
This route provides a means of neutralising toxin within the nervous system and increasing
the intrathecal concentration of antitoxin compared with concentrations achieved after
intramuscular administration. In a 2006 meta-analysis including 12 clinical trials involving a
total of 942 patients, Kabura and colleagues90 suggested that intrathecal administration was
beneficial (relative risk 0-71, 95% CI 0-62—0-81. However, heterogeneity and
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methodological differences, such as the variable use of adjunctive steroids, means that these
results should be interpreted with caution.

More recently, a randomised controlled trial81 found reduced mortality and hospital stay in
neonates in Pakistan randomly assigned to intrathecal lyophilised human immunoglobulin
delivered by lumbar puncture in addition to normal care of intramuscular equine antitetanus
serum (mortality rate 1/32 vs8/32, p=0-026; mean hospital stay 10-0 [SD 2:1] vs13-2 [SD
2-6] days, p<0:001). In 42 adult patients in Togo,80 a regimen of 1500 1U heterologous
immunoglobulin administered intrathecally via the suboccipital route was compared with
9000 IU heterologous antitetanus serum given intramuscularly and subcutaneously. The
intrathecal group also received intravenous metronidazole, which was not necessarily given
to the controls. Results showed a reduction in mortality in the intrathecal group (11-7 vs
52-0%, p=0-007), with improved recovery rates, as indicated by mobilisation and spasm
reduction at 48 h (p<0-001). Miranda-Filho and colleagues91 used 1000 IU lyophilised
human immunoglobulin to treat 58 patients older than 12 years in Brazil via intrathecal
(suboccipital or lumbar) routes combined with 3000 IU immunoglobulin administered
intramuscularly and compared the outcome with that of 62 patients randomly assigned to
intramuscular immunoglobulin alone. Although mortality rates were not different between
the two groups, hospital stay and progression of disease were reduced in the intrathecal
group and treatment with intrathecal antitoxin significantly reduced costs of both intensive
care unit and inhospital stay.92

One side-effect reported during intrathecal administration was mild headache91 and
reversible paraparesis was reported on one occasion only.93

Symptom control and supportive care

Magnesium

In many developing countries, chlorpromazine and phenobarbitone (nasogastric or
intravenous administration) remain the mainstays of treatment for neonatal tetanus because
they are affordable sedatives. Intravenous diazepam is used widely in neonates and adults to
control spasms. Without ventilatory facilities, drugs such as intramuscular paraldehyde are
used for further spasm control.

Magnesium sulphate has muscle relaxant, vasodilatory, and negative chronotropic properties,
and offers a potentially simple and cheap method of treating tetanus. Initial data from
observational case series in adults showed that careful titration of dose against patellar reflex
can allow spasms to be controlled without the need for mechanical ventilation.71 However, a
randomised, controlled trial of 195 patients72 and more recent smaller trials79 and case
series70,94 have not supported this sole use other than in milder cases of tetanus, although
magnesium does reduce the need for other muscle relaxants and improves cardiovascular
stability. A 2012 meta-analysis of three trials was unable to show any reduction in mortality
in patients treated with magnesium compared with placebo or diazepam therapy, or to draw
conclusions on the effects on hospital stay or the need for ventilatory support because of
large methodological differences in the studies reviewed.83 We were unable to find any
randomised controlled trials on the use of magnesium in neonatal tetanus.
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Prevention

Prevention and elimination of maternal and neonatal tetanus is achieved with a combination
of vaccination and improvement in perinatal care. WHO has made clear recommendations
regarding the immunisation of women and provision of clean deliveries 95 and standards for
ongoing neonatal tetanus surveillance have been published.96

Unimmunised pregnant women or those with no documentation of immunisation should
receive two doses of tetanus toxoid given 1 month apart, with the first dose as early as
possible in pregnancy. Further doses of toxoid should be given in subsequent pregnancies (or
at intervals of at least a year) up to a total of five doses, a level considered sufficient to
ensure life-long protection.76 WHQO’s recommendations are shown in the table.97 In areas
deemed to confer a high risk of neonatal tetanus, additional immunisation with three spaced
doses of tetanus toxoid is recommended for all women of childbearing age.

Maternal antitetanus antibodies are passively transferred to the fetus and protect the baby for
the first few months of life. HIV infection is associated with reduced response to maternal
tetanus vaccination.98,99 Malaria and HIV might interfere with the transfer of tetanus
antibodies to the fetus, although the evidence is conflicting, with some studies reporting a
reduction in passive antibody transfer in HIV and malarial00 but others reporting no
change.101,102 The largest and most recent study103 analysed 704 pairs of maternal-cord-
paired serum samples in Kenya and reported a 52% (95% CI 30-67) reduction in antitetanus
antibody concentrations in neonates with HIV-infected mothers and a 48% (95% CI 26-62)
reduction in cases with active chronic or past placental malaria. The use of less sensitive
methods for identification of placental malaria and absence of adjustment for maternal
tetanus vaccination status in the studies above101 compared with the recent study103 could
explain the difference in findings. Optimum tetanus immunisation regimens have not been
defined for pregnant women with HIV or malaria, irrespective of past immunisation status.

A systematic review104 examining evidence for the hygiene interventions recommended by
WHO095,105 reported that only low-quality evidence exists to support the use of
handwashing and cord antimicrobial applications as methods of reducing neonatal tetanus.
WHO advocates the use of six clean measures to improve birth hygiene: clean birth surface,
clean hands, clean perineum, cord cutting, cord tying, and cord care. In the absence of good
quality data, a Delphi expert consensus104 concluded that clean birth practices at home
could prevent 30% (IQR 20-30) of neonatal tetanus deaths, increasing to 35% (IQR 30-40)
if skilled attendants were present and 40% (IQR 30-50) if the birth took place in a health-
care facility with postnatal measures. These analyses are supported by a recent case-control
study106 investigating the use of clean delivery kits in Pakistan, the authors of which
concluded that, irrespective of birth attendant training, in a setting of low vaccination
coverage, the use of specialist clean delivery kits prevented about a quarter of cases of
neonatal tetanus.
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Maintaining maternal and neonatal tetanus elimination

Much of the success of the Maternal and Neonatal Tetanus Elimination Initiative lies with
specifically designed local methods to increase vaccination coverage or improve birth
hygiene. High-risk areas are often geographically remote, with poor infrastructure and often
political instability, making the delivery of basic programmes challenging. Continuing
elimination needs vaccination and surveillance programmes to be maintained. As childhood
vaccination (diphtheria, tetanus, pertussis; DTP3) coverage improves, the reliance on
vaccination of pregnant women as a primary means of prevention of maternal and neonatal
tetanus should be reduced. However, subsequent booster doses are necessary and in
countries with less developed public health programmes or fewer children in secondary
education, other methods of providing adolescent booster doses might be needed.

Conclusion

Although cases of neonatal tetanus have reduced substantially in the past two decades, 24
countries are yet to eliminate this preventable condition. Insufficient recent data are available
for the incidence and outcomes of maternal tetanus, although its incidence is assumed to
have fallen. Prevention of maternal and neonatal tetanus must remain the main goal for
tetanus programmes, which is now linked to the Millennium Development Goals:
Millennium Development Goal 4 aims to reduce mortality in children younger than 5 years
by two-thirds between 1990 and 2015; Goal 5 seeks to reduce the maternal mortality ratio by
three-quarters and ensure universal access to reproductive health in the same time period.

Nevertheless, the disease is still common in many countries. Maintenance of elimination
status needs ongoing efforts and, in many countries, public health programmes remain
vulnerable to conflicts or natural disasters. Countries that have achieved elimination are
unlikely to have completely eradicated the disease and tetanus continues to affect older
children and adult men. Research into effective therapies and prevention is still necessary.
The effects of HIV and malaria on the effectiveness of immunisation of pregnant women
need to be taken into consideration in public health programmes and need further study.
Cost-effective treatments that can be used in less developed settings are still needed.
Intrathecal immunoglobin and intravenous magnesium sulphate might reduce mortality,
duration of hospital stay, and health-care cost, but no evidence exists that other supportive
treatments improve outcome.
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Search strategy and selection criteria

We identified publications via searches of the Medline, PubMed, and Cochrane databases
using the search terms “tetanus”, “neonatal tetanus”, “maternal and neonatal tetanus”,
and “maternal tetanus”. We also searched the WHO website using these terms.
Additionally, we obtained further articles from citations within articles retrieved during
the initial search, as well as from personal collections. In reviewing advances since the
previous Lancet Seminar, we have given preference to recent publications; however, in
many areas, there is a lack of timely or reliable data, and many recent publications rely
on much older data. As such, we gave preference to articles published after 2006, but did
not exclude commonly referenced and highly regarded older publications. We included
review articles and book chapters to provide more detailed information. We have not
done a systematic review of all papers using grading systems to assess the quality of
published sources and recommendations.
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Elimination status
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Figure 1. Global maternal and neonatal tetanus elimination
Reproduced from reference 7, by permission of WHO.
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Figure 2. Global progresstowards maternal and neonatal tetanus elimination
Reproduced from Blencowe and colleagues.11
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Table
WHO recommendations for tetanusimmunisation to prevent maternal and neonatal

tetanus97

Recommendation

Routine vaccination

Infancy (<1 year) Primary series of three doses (DTP3: DTwP or DTaP)

4-7 years Tetanus toxoid-containing booster

12-15 years Tetanus toxoid-containing booster

Adults (eg, first pregnancy or military Tetanus toxoid booster—ie, total of 6 doses. For those receiving their first tetanus vaccine as
service) adolescents or adults, a total of five appropriately spaced doses
Pregnant women with inadequate or unknown  Two doses of tetanus toxoid-containing vaccine. An effort is made to complete a total course
vaccination history of five vaccinations (eg, postnatal visits and subsequent pregnancies)
All women of childbearing age in high-risk Three doses of tetanus toxoid, usually during a 12-month period

areas for maternal and neonatal tetanus

DTP3=diphtheria, tetanus, pertussis. DTwP=tetanus toxoid combined with diphtheria toxoid and whole-cell pertussis.

DTaP=tetanus toxoid combined with diphtheria toxoid and acellular pertussis vaccines.
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