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ABSTRACT

Neonatal tetanus has become one of the public health problem in
developing countries and Thailand as well. It conld be prevented effectively
by immunized with 2 doses of tetanus toxoid (0.5 ml/10 Lf/dose). This
study was to follow up the immunity to tetanus, longivity of the protective
level and the changing of protective level of tetanus antibody over 3 years
period including ot the suitable time to give a booster dose. The serum
samples were obtained from 503 pregnant women who came in antenatal
clenic or deliveried their baby in Nonthaburi, Saraburi, Rajavithi Hospital
during July 1991 to April 1992. They were divided into 12 groups based on
history of tetanus toxoid (TT) immunization. Three hundred and fifty two

serum were obtained from pregnant women at antenatal clinic, one hundred
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and fifty one pair sera were collected from oord blood and their mothers in
the labour rooms. The results were shown the detectable amount of antibody
to tetanus in non-immunized group. The highest geometric mean antibody
level was found in the group of women post immunized with the second
dose of TT for 1 month (1.3 IU/ml). The geometric mean antibody level
was decreased in 6 month to 2 years after immunized the second dose. The
protection rate was high in the group of pregnant women post immunized
with TT for 3 month (50 percent). In pair sera, the geometric mean antibody
of mothers post immunized with TT for 6 months, 1 year, 2 years and 3
years were over the protective level and the relationship was not significant
(p-value 0.82) whereas in newboms were under protective level during 6

months to 2 years except 1 year the antibody was found 0.93 IU/ml.

The relationship of protection rate within group ;f mothers and
newboms were significantly in every group. The transfer rate of protective
antibody showed that the higher the level of antibody in mothers, the higher
in newboms too. Newboms were protected when matemal antitoxin level
were as high as 1.25 IU/ml or more therefore all women with antibody level
less than 1.25 IU/ml should reccived the booster dose to produce the

protective level of tetanus antibody in their newboms.
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CHAPTER 1

INTRODUCTION

Neonatal tetanus is one of the leading ocauses of infant death
through out the world and accounted for up to one-third of all
neonatal deaths in some developing countries (Rahman et al, 1982).
The incidence of neonatal tetanus was about 35-60/1,000 live births
and ocase fatality rate was 80 percent (Rithy and Rethy, 1986). In
some countries, between 23 percent and 72 percent of alll neonatal
deaths were due to tetannus (Jelliffe et al, 1985). At conservative
estimate there were more than half a million newbom deaths each year
due to tetanus (Standfield and Galazka, 1984). The overall neonatal
tetanus mortality rate was 16.2/1,000 live births, the average age at
onset and average age at death of neonatal tetanus were 7.5 and 104
days, respectively (Standfield and Galazka, 1984). In Malaysia,
deliveries supervised by untrained attendants had a higher montality
rate of neonatal tetanus (34/1,000 live births) than those supervised
by trained traditional birth attendants (12/1000 live births)  (Chen,
1976).

In Thailand, the trend of neconatal tetanus morbidity rate was
declined gradually since 1985 (Figure 1). In 1985 nconatal tetanus
morbidity rate was 58.1 and decreased to 52.5, 46.3, 37.3, 31.6, 22.2, 17.3
and 12.4/100,000 live births from 1986 to 1992, respectively (Annual
Epidemmiology Surveillance Report 1992)



However, the neonatal tetanus case fatality rates were variable each
year, ranging from 14 percent in 1990 to 28.3 percent in 1992. The high
rate of case fatality reflected the severity of the cases as well as the problems
in early case detection and case management. Therefore, the preventive

measures should be the key in neonatal tetanus prevention and control

program.

Neonatal tctanus could be prevented by active immmnization in
women during pregnancy with tetanus toxoid and by hygienic practice at the
time of delivery. These were casily achicved in socictics where most
deliverics may take placc in hospital or nursing home. However, in
traditional communitics deliveries may take place in a room crowded with
relatives. In such communities, traditional birth attendants were not trained
or using sumple sterile instruments to cut the cord and dress the umbilical

cord (Miller, 1972).

Immunization of mothers with tetanus toxoid providing passive
protection to infants by antibodies passed across placenta was an altemative
approach which was especially applicable to community where deliveries
commonly took place in unhygienic sumrounding. The schedule of
immunization in pregnant women was two doses of an aluminium-adsorbed
tetanus toxoid at one month apart with the second dose should not be given
less then one month before delivery. On the successive pregnancy if the
duration is with in 3 years from the second dose of tetanus toxoid , it was
unnessesary to receive the booster dose but if the duration is greater than 3

years they should be receive one booster dose



In the first to seventh days after birth, the newboms were risked to
nonatal tetanus and could not produce the immunity by themselves. Active
immuniazation of pregnant women could present the immmnity to tetanus
through the placenta transfer of matemal protection antibody (Sangpetchsong
et al, 1984). On the other hand, the pregnant women who unimmunized
with tetanus toxoid, their newbom would not receive the passive immunity to
tetanus or may be but not to protective level and then this group of children

were risked to neonatal tetanus.

In 1991 the neonatal tetanus morbidity rate were reported in many
provinces of Thailand such as Krabi 66.7/100,000 live births, Surin 66.2
and Songkhla 56.1/100,000 live births (Annual Epidemiology Surveillance
Report, 1992). From coverage of vaccines in 1977 to 1990; the EPI
program, especially tetanus toxoid in pregnant women, were shown that the
tetanus toxoid coverage increased (Figure 2) and the morbidity rate slowly

decreased but the casc fatality rate was increased (Figure 1).

Since neonatal tetanus has the fatal outcome and required a proper
treatment and good nursing care. Therefore, tetanus toxoid immmnization of
the pregnant women in the ultimate goal in the prevention and control
program. The recommended schedule of tetanus toxoid immmunization was
given by WHO and has been practiced in Thailand even since. However, the
tetanus toxoid immunization was given only to the pregnant women who
attended ante-natal clinics or had prenatal check up. In addition, records of
immunization were not well kept and the pregnant women also could not

remember when and what they were given.
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Prevention program of neonatal tetanus would have to work on
improving coverage of tetanus toxoid immunization especially among those
migrant workers. In order to provide more flexible tetanus toxoid schedule
to the pregnant women who could not comply with the recommended
schedule, in the sitation that the coverage of immunization need to be
further extended, the immunity to tetanus of the pregnant women after
reoeiving tetanus toxoid should be evaluated in the present sitmation as well

as the levels of antibodies to tetanus among the newboms of these mothers,
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Objectives of the Study

General Objective

To study the immunity of neonatal tetanus at the protective level in
pregnant women after immunized with tetanus toxoid at varous time

intervals.
Specific objectives

1. To determine tetanus antibodeis in pregnant women who

immunized with the two-doses of tetanus toxoid during pregnancy



2. To determine the protection rate against tetanus antibody in
women who were immunized with two-doses of tetanus toxoid in the past
3 years.

3. To find out the suitable time to give a booster dose in other
pregnancy to keep the immunity at protective level.

4. To study longivity of protective antibody level to tetanus in

pregnant women who immunized with the two-doses of tetanus toxoid in

previously pregnant.



CHAPTER 11

BACKGROUND

A. History of Tetanus

The first description of tetanus in recorded medical history was
probably written by Hippocrates (Feigin et al, 1987). A vivid picture of the
clinical caurse of the discasc was described Autacus the Cappadocian ; 1n
The second century A.D. The infection nature of the disease, however, was
not demonstrate until 1884, when Carle and Ratton produced tetanus in
rabbits by the innoculation of pus from the cutancous lesion of a human
cases (Carle and Ratton, 1884). Not long after Nicolaier produced tetanus by
innoculation of vanous small laboratory anmimals with soil samples. He
recognized the presence of long, thin, bacilli and was able to perpetuate the
organism in mixed culture (Nicolaicr, 1884). In 1889, Kitasato defimtely
solved the problem of ctiology by isolating the causative agent from cases of
tetanus, pure culturcs of bacilli with which he was able to reproduce the
disease in animals (Kitasato, 1889). Kitasato succeeded becausc of his use of
anaerobic methods and his ehrmmnation of man sporc-béa::ing contaminants by
means of heat. The tetanus bacillus occurred in the superficial layers of soil
and was of special frequency in the earth of cultivated and manured fields,
probably because of its presence in the feces of some of the domestic anirzals
(Smmth et al, 1964). In 1899, von Behnng and Kitasato 1cported the

appearance of specific antitoxin in the serun of animal injected with the



tetaus toxin produced by the organism, this was followed in 1926 by
the development of toxoid, which produced immunity (von Behring et al.,
1890).

Tetanus 1s a non-communicable discase caused by a potent
neurotoxin (tetanospasmin) elaborated by Clostridium tetani (Hoeprch ¢t
al, 1989). Tetanus toxin breaks the inhibition of spinal cord reflex arcs,
allov:ring cxcitatory reflexes to multiply unchecked. The tonic muscular
spasms that result arc the most characteristic manifestation of the discase.
The tetanus was a relatively rare discase in the well developed countres. In
developing countries, however, many unimmunized mothers gave birth to
children with neglected umbilical cord care and resulted in umbilical stump
infection. Neonatal tetanus had a significant impact on overall mortality of
nconatal tetanus. In the adult, disease classically followed a puncture wound
and was characterized by secvere muscle spasm, most characteristically of the
jaw, hence, the name trismus or lock jaw. Despite many advances in
treatment, the mortality rate was still high, especially in very young and very
old (joklik et al., 1980).

The word tetanus came from the Greek “tetanos” from the verb
“teino” which means to stretch. “Opistho” was the Greek for behind, so that
opisthotonus was the state when the muscles of the back were so tightened
that the back was arched off the bed and only the head and the buttocks were
in contact with the bed. ' trismus  came not so easily from its derivation
«

trizo”, for this means to squeak of to greater. It was indeed used in the

Greek for the grating or cracking of joints, and must had been first applied in



this sense to the clenching of the teeth in tetanus, though grating or
squeaking was not a prominent feature of this unhappy state. It was used
now to signify the clenching or locking only, without reference to any
sound. (Christie, 1974).

Neonatal tetanus was a serious health problem in many developing
countrics where matemity care scrvices were limited and  immunization
against tetanus was inadequate. The mortality ratc due to nconatal tetanus
range from 10 to 60/1000 livebirths in rural arcas of some of developing
countries. (Rithy and Rethy, 1986). Most newbom infants with tetanus had
been delivered outside of a hospital to unimmunized mothers delivered by
traditional birth attendants. The discase usually occumed through the
infection of the umbilicus with tetanus spores duning delivery by cutting the
‘ cord with an unclean instrument, or after delivery by “dlessing” the

umbilical stremp with substances heavily contamminated with tetanus spores.

B. Morphology and Physilogy

Clostridium, tetani is gram-positive, non encapsulated, spore-
forming, obligately anaerobic bacilli that typically measute 03 to 0.5 pm in
width and 2 to 2.5 pm. in length (Hoeprich et al., 1989; Christie, 1974.).
Flagellae are attacked bilaterally in non-spore forming bacilli. Spore usually
form terminately giving the organism a characteristic “  drumstick-like

)

¥ . . .
appearance . The spore are survival structures and relatively resistant to

drying and disinfectants. The bacilli are widely distributed in soil, street dust
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and intestinal tract of horses, sheep and castle. Consequently, manure
treated-soil might be highly contaminated. In agricultural areas a significant
number of normal human adults might contaminate with the organisms
(Kragman and Ward, 1973). Solution of phenol (5%), formaldehyde (3%),
chloramine (1%) and hydrogen hyperoxidase (6%) generally require more
than 15 hours to kill the spores. In contrast, aqueous iodine and 2%
glutaraldehyde at pH 7.5 to 8.5 usually kill spores within 3 hours.
Autoclaving is also lethal but boiling counld not destroy the spore. (Christei,
1974; Joklik et al., 1980).

Clostridium tetani is an obligate anacrobe, moderately fastidious in
its requirement for anacrobiosis. The optimal temperature for growth is 37°C
and the optimal pH is 7.4 (Smith ¢t al, 1964). Nutritional requirement of
Clostndium tetam , like those of other Clostridium, is complex and include
a number of amino acids and vitamins. This requirement, however, can be
readily met by blood agar or cooked meat broth. On agar, at 37°C, growth
appears within 48 hours. Cdonies on agar plates present a rather
characteristic appearance, consisting of a compact center surrounded by a
loose mesh-work of fine filaments, not unlike the medusa head appearance of
B.subtilis colonies, but more delicate, translucent, and fem - like. In agar
stabs fine radiating process grow out in all directions from the central stab
and tend to give the cultural appearance of a fluff of cotton (Smith ¢t al.,
1964).

Since swarming of the organisms occurs an blood agar plates, the

isolation of surface colonies is difficult. The edge of the colonies appears as
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a transiuoent, finely granular shut with a delicant filamentous advancing edge
(Joklik et al, 1980). Their motility, especially in the pressence of condenced
moisture, has been used to advantage in isolation the organism from mixed
cutures containing bacteria that are less motile than Clostridium tetani.
Where isolated colonies can be obtained on blood agar, faint beta hemolysis
is observed. The organism does not ferment any carbohydrate. It does not
usually liquify gelatin in 48 hours and produces very little change in litmus
milk (Joklik et al., 1980).

The gemmnation of spores occurs only at an oxygen tension lower
than that of nommal tissues. The failure of spores to germinate in normal
tissues and necrotic tissucs created a favorable nidus for the development of

tetanus spores m the body (Smuth ¢t al., 1964).

C. Antegenic Structure

Flagella (H), somatic (O) and spore antigens had been demonstrated
in Ctetani. The spores antigens were different from the H and O antigens of
the somatic cell. Strains of the organisms had been differentiated into ten
types on the basis of their flagellar antigens. There is a single somatic
agglutination group for all straing that permitted identification of the
organism by use of fluorescein labelled antisera (Joklik et al., 1980).

Nine of the ten antigen types were recognized by their specific
flagella antigen. Type VI had no flagella, all strmins had a common 0

antigen and a sccond O antigen 1s shared by type II, IV, V or IX (Smuith



12

et al., 1995). Fortunately, all strains produced the same antigenic type of

toxin which could be neutralized by a single antitoxin (Smith et al., 1964).

D. Tetanus Toxin

Clostndium tetan. produced two cxotoxins, tctanolysin and
tetanospasrmn.  Tetanolysin was discovered by Ehrlich and produced
hemolysis, it 18 destroyed rapidly by oxidation upon exposure to air and can
be absorbed by a suspension of red blood cells. The hemolysin is antigenic,
giving tisc to a specific antihemolysin when injected into animals. Neither of
these metabolites, however, 1s of sufficient potency to render the bacillus
pathogenic. By definition, the organism is strictly a saprophyte and can
grow only 1n dead or damaged tissue (Smith ¢t al., 1964). Tetanolysin

played no role in the discase.

The activity of tetanospasmin was responsible for all the clinical
features of the disease (Feigin and Cherry, 1987). Tetanospasmin has a
molecular weight of 150,000 daltons (Fugimiti, 1982 ; Hoeprich, 1989).
The structural gene for toxin production is on a 75-Kb plasmid. The
tetanospasmin probable composed of two non identical polypeptide chains
with moleoular weights of 100,000 (H-chain) and 50,000 (L-chain),
respectively (David et al., 1990). They could be separated by disulfide bond
reduction, individual chains was non toxic but reconstitued holotoxin regains
toxicity. The toxin is synthesized on free polyribosomes as a single chain

that was subsequently “necked” by a proteolytic step to from two
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polypeptide chains linked by disulphide bridges (Matsuda and Yoneda,
1974). Papain digestion produces two fragments, each of these can
immunize animal against tetanus reacts with antitoxin, the layer B-fragment
(MW 100,000) contained the toxic portion of the molecule, but was unable
to bind to or enter cell. The C-fragment (MW 50,000) contained the
catboxy terminal portion of the H-chain, include the receptor binding site,
and was avidly bound by neuronal membrane (David et al., 1990;Bizzini ¢t
al, 1977). The receptor appears to be a membrane gangliosible; GD 16 and
GT 16 bind the toxin (Van Heyningen, 1976). Tetanus toxin also binded to
the thyroid-stimulating hormone receptor in thyroid membrane (Habig et al,,
1982), and this binding can also be inhibited by these gangliosides; perhaps

the sugar moieties are shared between the glycolipids and plycoproteins.

Clostridium tetani produced an exotoxin with a high affinity for
animal nervous tissues; 0.000001 ml. of a potent filtrate 18 enongh to kill a
mouse, although the mouse is not the most susceptible ammal. The guinea-
pig, for example, 18 six times more susceptible than the mouse, 12 times in
the horse. Man is less susceptible than the horse, yet 0.1 to 0.25 mg of toxin
is @ fatal dosc. Tetanus toxin was destroyed by moist heat at 65 C in 5
minutes, but in the dned state it can survive 120°C for 1 hour. It is not
absorbed from the gastrointestinal tract and is destroyed by the intestinal

juice. (Chnstie, 1974).

1. Neurobiology of tetanus toxin

Physiological effects
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Speculation on the pathophysiology of tetanus have a long history,
reflecting the dramatic nature of the symptoms. By the beginning of the
twentieth century, following shortly on the advances in bacteriology and
toxicology of tetanus, Sherington recognized the similarity in action between
tetanus toxin and strychnine and was involved in experimental studies in
which the toxin was injected directly into nerve. He realized that small
amounts of toxin would produce ‘local tetanus, whereas larger amounts
produced generalized disease and considered that the pathophysiology was
the conversion of inhibitory inputs into excitatory inputs at the level of the

spinal segment (Sherington, 1960).

The climical symptoms reflect loss of inhibition of alpha motor
ncuroncs. This appears to reflect in large part the blockade of spinal
glycinergic inhibition on the soma and proximal dendrites of motor neurones
(Poce ¢t al, 1976). These inputs come prmarly from inhibitory Ia
affcrents. The blockade is presynaptic, preventing rclease of transmitter.
This action contrasts with strychnine, which produces postsynaptic blockade
of these inhibitory inputs. Tetanus toxin affects other inhibitory systems,
including R-aminobutyric acid inputs (Bergey et al., 1983). The preference
for blockade of inhibitory transmission is only relative, Tetanus vToxin can,
at high concentrations, inhibit release of acetylcholine, noradrenaline and
doparmine. The capacity to inhibit actylcholine release explains otherwise
confusing experimental finding : in modest concentrations tetanus injected
mnto muscles in followed by the characteristic muscle spasms, but in
higher concentrations it produces botulinum-like effects (Duchen and Tonge,

1973).
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2. Neural spread of tetanus toxin

The tendency for tetanus to develop in extremeties bearing
contarmnated wounds was a subject of fascination in early clinical
obscrvations of tetanus. In 18 36, Curling suggested two possible pathways :
hacmatogenous spread and neural ascent. Near the tum of the century, carly
experimental studies with tetanus toxin led to the supposition that the toxin
reached the site of action in the spinal cord by neural pathways (Curhing,
1836). This route was championed by Morax and Marie (1903), and was
mplicit in work by others, including sherington (1906). In 1930s this
possibility was vigorously attacked by the emmnent professor of
pharmacology at Johns Hopkins, John Jacob Abel (Abet ¢t al., 1935). His
argument was succinctly summerized that no satisfactory hypothesis has ever
been offered to explain how a water-soluble substance of so large a
moleoular weight as that of tetanus toxin, once it has been absorbed by the
functional motor end organs, by maked telodendria, or by the muscle fibers
of higher vertebratis, it can be transported to the central neurons in axis
cylinders. The axis cylinder carriage theory assumes the toxins are not
bound by the motor end organs or the cylinders, that they do not
mmmobilized it that it can move from point to point in its natural unaltered
state and that the axis cylinders mercly serve as natures conduit for its

centripetal transmission.

Although this sequence of events was offered by abel as exceedingly
unlikely, and therefore presumptive refutation of neural spread, subsequent

developments have proved that the toxin is in fact = absorbed by functional
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motor end organs and can move from point to point in its natural state, do
not immobilize it . Finally, the recent recognition of the magnitude of bi-
directional intra-axonal transport endorses the view that axis cylinders merily

. . . .9
serve as natures conduit for its centripetal transportation

Specialized intra-axonal transport systems arc now known to carry
large amounts of material from the nerve cell body down the nerve fibre to
the nerve terminal in the anterograde direction. Retrograde transport carnes
materials from the nerve terminals back to the nerve cell body. Material
carried to the cell body in this fashion includes both endogenous neuronal
constituents that have pieviously undergone anterograde transport, and
exogenous materials acquired at the synaptic termnal. These exogenous
substances may include both proteins taken up by non-specific endocytosis at
the synaptic terminal (c.g. serum albumin), and proteins  specifically
recognized by terminal receptors (for review see Gnffin and Watson, 1987).
In the mid-1970s/studies using radioactively labelled tetanus toxin
demonstrated that the agent was bound by neuronal membrancs (Mimsky et
al., 1978). including motor nerve terminals (Schwab and Thoenen, 1975),
and carried intra-axonally within membrane-bound vesicles to spinal motor
neurones. The rate of transport reaches approximately 250 mg/day. Both
electrophoretic and immunochemical studies have indicated that the toxin
femains intact while undergoing transport (Caroll ¢t al., 1978). This
retrograde transport of tetanus toxin can be interrupted by nerve crush, nerve
ligation, of introduction of phamnacological agents that block axonal
transport (Dimpfel and Haberman, 1973; Griffin et al, 1977). When the

toxin reaches the perkarya of motor neurones, it appears to pass trans-
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synaptically to the surronnding presynaptic terminals, including those of the
afferent fibres of the glycinergic inhibitory system (Schwab and Thoenen,
1977).

This route of spread provides a satisfying explanation for local
tetanus. To address more directly the question of whether generalized tetanus
could result from intranural spread,  Ilabelled tetanus toxin was injected
intraperitoneally into rats, and one sciatic nerve in each animal was then
ligated. Autoradiographically detectable radioactivity was found in the
pcllcts’ of axonal organelles that accumulated on the distal side of nerve
ligation (Price and Gnffin, 1977). In simlar studies, reduced accumulation
of radioactive tetanus toxin has been demonstrated in ventral homs on the

side of nerve ligation.

E. Pathogenesis and Pathology

The spores of C. tetani are nbiquitons. They have been found in 20
to 64 percent of soil samples taken for culture, and are present in even higher
yiclds in cultivated lands. They are present in the gastrointestinal tracts of
humans and other aninals. If one carefully cultures traumatic wounds, C.
tetani can also be demonstrated fairly frequently. It is quite uncommon,
however, for tetanus to develop from these wounds. The most significant
feature of the pathogenesis of tetanus is the setting of the wound where the
oxidation-teduction potential must be properly poised to pemmnit
multiplication of the organism and toxigenesis. Classically the wound-nail,

. . i A
splinter, or thom, other settings however, such as compound fractures, skin
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popping” by drug addicts, decubitus and varicose ulcers, extemal otitis and
dental extractions, also provide the proper conditions. The most feared form
of tetanus, tetanus neonatorum, is a very significant canse of morbidity and
mortality in developing nations, This form of tetanus usually results from
cutting the umbilical cord with unsterile instraments or from improper care of
the umbilical stump. In the United States most neonatal cases have followed
unattended home deliveries tetanus may also follow operative procedures, but
with modem hospital facilities this i3 an extremely rare event (Joklik et al.,
1980)

Tetanus was not a true infection, spores of C. tetam usually entered
the body by inoculation throngh a wound. However, genmination would
only occur under anaerobic condition, explaning the usual association with
wounds accompanied by tissue necrosis (Hoeprick and Jordan, 1989). The
clinical syndrome was caused entirely by toxin elaborated in the arca when
the vegetative cells were growing. C. tetani produced two exotoxin,
tetanolysin and tetanospasmun. Tetanolysin produced hemolysis but played
no role in the disecase. This way in which tetanospasmin was transported
from the site of injury claboration into the central nervous system (CNS) had
been a matter of debate. Although most of the toxin maked its way into the
blood stream by the lymphatics, tetanospasimn did not appear to cross the
blood-brain barmer, thus, the predominant mean of transrmission appeared to
be neuronal transport. After toxin entered at neuromascular junctions by
binding 10 gangliosides or other receptors, it proceeded up to the nerve to
the ventral homs of the spinal cord or to the motor nuclei of the cranial

nerves
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The tetanospasmin might acted at the peripheral motor end plates, the
spinal cord, the brain, and in the autonomic nervous system. The dominant
adverse effect was disinhibition of spinal cord reflex arcs, presumably by
interfering with release of the neurotransmitters glycine and gamma-
aminobutyric acid (GABA) from presynaptic inhibitory fibers, Freed from
inhibition, excitatory reflex leaded to multiple tetanospasms. The clinical
pioture was similar to strychnine poisoning, which acted by competitively
blinding to postsynaptic the action of glycine and GABA, tetanospasmin
could interfere with the release of a variety of other neurotransmmtters,
including acetylcholine, in peripheral somatic and automatic nerves (Hoeprick
and Jordan, 1989)

Includingly, the tetanus toxin action proceded via four step @ I
extracellular binding, II initial translocation across cell membranes, III intra-
axonal and transynaptic transport to sitcs of toxic action and IV intracellular
poisoning of specific ncurotransmmitter release processes. Toxin was initially
bound to nerve terminal membranes at neuromuscular junction the central
nervous system primarly via retrograde axonal transport. Radiolabeled toxin
has been used to trace this migration, which parallcls axonal transport of
other proteins. Once toxin has reached the spinal co;d it ascends within 1it.
Some toxin may also travel via the blood particularly in generalized tetanus
with a short incubation period. However, because the toxin cannot penctrate

the blood-brain barrien it 1s less likely to enter the spinal cord by this route.

A component of nerve .tissue exhibiting receptor-like feamres for

tetanus toxin has been identitied. When tetanus toxin is mixed with brain
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emilsion or with subcellular fractions rich in synaptosome membranes, a
comparatively large dose can be injected into a susceptible animal without
causing damge. The substances responsible for this binding of toxin are
gangliosides GD1b and GT1b complex glycolipids containing N - acetyl
neuraminic acid (sialic acid.) Tetanus toxin binds to isolated neural ganglio
sides or to tissues or tissue fractions containing surface gangliosides Binding
is Prevented in vitro by treatment with neuraminidase which cleaves sialic

acid residues from gangliosides (David et al., 1990).

Available evidence suggests that translocation of tetanus toxin at the
neuromuscular junction occurs by receptor-mediated endocvtosis as has been
desenbed for botulinum toxin. The B fragment of tetanus toxin forms
channels in artificial phospholipid vesicles at low pH. By analogy with
diphthena toxin the hydrophobic region of this fragment may create pores in

vivo, allowing transport of the toxic L chain into the cytosol.

Intra-axonal retrograde transport of tetanus toxin occurs within
smooth vesicles, and when these reach the dendrites of the neurons, the toxin
is transferred transsynaptically to its site of action, the abutting nerve
terminals. The spasmogenic effect of the toxin has been shown by Eccles to
be the result of itz action on polysynaptic reflexes involving two types of
inhibiting inteneurons in the spinal cord. It blocks the nommal inhibition
of spinal motor neurons following afferent impulses postsynaptically
by preventing the release of inhibitory transmitters glycine and
gamma-aminobutyric acid. The resulting sensitivity to excitatory impulses,

unchecked by inhibitory mechanisms, produces the generalized muscular
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spasms characteristic of tetanus. The biochemical mechanism by which
tetanus toxin blocks the release of inhibitory neurotransmitters is not known

{David et al., 1990).
1. Chinical Manifestation

The inoubation period for tetanus was variable, although it might be
as short as one day or as long as several months, the incubation peried was
usually 3 to 21 days (Goldberg et al., 1981). But very long intervals were
probably not incubation periods in the true sense of the term ; for there
seemed no doubt that the tetanus bacilli could be dormant in the tissues for
long periods without producing toxin poor prognosis was associated with a
shont incubation period between injury and seizure, rapid development of
muscle spasm due to tetanospasmin, injury closes to the head, extremes of
age, frequency and se_verity of convulsion (Joklik et al., 1980). Tetanus was
more severe when it ocoured at either extreme of life. The case fatality rate
for elderly patients {(over 70 years of age) was above 60 percent, and
approached that for neonatal tetanus (Salimpour, 1977).

There were two signs typical of tetanus-mus;:le rigidity and muscle
spasm. The rigidity affected in the main three muscle groups the masseters,
the abdominal muscles and the erectors of the spine ; once aeveloped, this
rigidity persisted throughout the illness, and could be detected at any time by
time by palpation (Christie, 1974).
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On the basis of clinical manifestations, three different forms of
tetanus are described : local, cephalic and generalized tetanus. Most patients
with tetanus had the generalized form of disease (Weinstein, 1973).

1.1 Local Tetanus

Patient with local tetanus had persised contraction of muscle in
the same anatomic area as the injury producing the tetanus. These
contractions might persisted for many weeks before gradually subsiding.
Local tetanus might preceded the onset of génemlized tetanus but was
generally milder and much less likely to be fatal, had a fatality rate of about
1 percent (Feigin and Cherry, 1987 ; Gamier, 1975). The spasms in the
muscles in the area of the site of entry of the organism could not be
separated form the generalized ones. It was possible that local manifestations
were a frequent proceeded of the generalized disorder. The charactersitic
abnommality in local tetanus was unyielding peristant paintful rigidity of the
groups of muscles that lied in closed proximity to the site at which C. tetami
was introducted. It was often present when a dose of antitoxin adequate to
inactivate circulating toxin but insufficient to neutralize and accumulated at
the site of injury. Symtomp might persisted for several weeks or months and
finally disappeared, without bearing any residual (Mﬂiard, 1954).

The phenomenon of local tetanus could be understood as the
consequence of uptake of tetanus from motor nerve endings within the
infected muscle, followed by the retrograde transport to motor neurone cell

bodies, and trans-synaptic passage to inhibitory nerve terminals surrounding
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the neuronal soma. The typical manifestations were episodes of spasm in the
extremity. The spasm might be stimulated occur without apparent stimuli,
even during sleep. Attempts at voluntory movement might bronght out the
spasms. For example, a patient with local tetanus due to a wound on the
forearm developed painful contraction of forearm and wrist flexors and
extensors, with extensor posturing of the wrist and flexion of the fingers with
attempted to use the forearm or when the forearm was stimulated. During
severe spasms and as the disease progressed, the spasms spreaded to involve
neighbouring region. (Griffin and Roistacher, 1981).

1.2 Cephalic Tetanus

Cephalic tetanus was rare and usually followed the introduction
of C. tetani in the course of injuries to the scalp, eye, face, ear and neck,
chronic otitis media or rarely tonsillectomy. The outstanding clinical features
were palsies of cranial merves IIL, IV, VII, IX, X and XII, these might be
involved singly of in any combination. Dysfunction might persisted for days
or many months. In general, the prognosis for survival was poor. However,
if death did not intervene, complete recovery, without residual neurologic
dysfunction, was mile, and might progressed to generalized tetanus (Feigin
and Cherry, 1981).

1.3 Generahzed Tetanus

At least 80 percent of the cases of tetanus were generalized

form. The characterstic initial signs was trismus. This might be accompanied
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by stiffness of the neck, difficulty in swalloing, rigidity of abdominal
muscles, or temparature elevation of 2-4°C above normal. (Weinstein, 1973).
In severe case, tetanus may progressed as trismms became persistant, a
characteristic facial expression, risus sardonicus, might appeared; a facial
expression consisting of raised eyelids, wrinking of the forehead and
extension of the comers of the mouth laterally increasing and persistant

spasm of the muscls of the back may result in opisthotonus.

Tetanospasm were generalized, tonic muscular contractions, often
tniggered by muld extemal stimuh such as sudden noises, drafts of cold ar,
and attempts to move or tum the patient. The classical tetanospasm consisted
of sudden painful contraction of all muscle groups resulting in opisthotonus,
abduction of the shoulders, flexion of the elbows and wnsts and extension of
the legs. Cognitive functions were not affected. Spasm of the glottis rmght
result in immedizte death by asphyxiation. Severe illness mught be associated
with temparature clevation ot 39°C to 41°C (Hoeprich and Jordan, 1989).
The frequency and seventy of generalized tetanic seizures were related to the
sevenity of the involvement, and the appearance of scizures indicated a poor

prognosis (Shmpour, 1977 ; Weintein, 1973).

1.4 Neonatal Tetanus

Tetanus which occurs in newboms and up to one month old
children is termed neonatal tetanus. Susceptible individuals of development
of neonatal tetanus include neonates of unvaccinated mothers, particularly

those bomed 1n potentially contaminated environment (Martin - Bouyer,
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1967). The neonatal tetanus was manifested by difficulty in sucking and
excessive orying. Soon the baby s jaw became too stiff for him tn suck, and
had trouble swallovﬁng. Variable degree of trismus ; sustained tonic or rigid
states of musculatire and spasm or convulsion occur. The spasm might
ocoured requently or rarely, and spontaneously or in response to stimuli.
Deep tendon reflex activity might of increased, or the deep tendons shown
no response on testing becanse of constant generalized stiffness.
Opisthotonus might be absent or so extreme that the head almost touched the
heels. The cry varied from a repeated, short, mildly hourse cry to a strangled
- sounding voiceless noise. Color varies from nommal to state - blue cyanosis
to pale, severe spasm might be followed by gray color and flacidity, anoxic
and exhansion (Kmgman and Ward, 1973).

While neonatal tetanus is of very minor importance in the developed
arcas of the world, it has been a major cause of death in infants in the
developing countrics. A recent report by Stanficld and Galazka of the results
of a survey of the incidence and fatality rate of the discase in Afnca, the
Middle East, Asia, India, Southeast Asia, and the Philippines has emphasized
the magnitude of the problem. The very high frequency of neconatal tetanus
in these areas is probalby related to the conditions spnounding the birth of
infants. Most babies are bom in very unhygienic environments ; delivery
rarely takes place in a good hospital. In addition, unclean instruments arc
used to sever the umbilical cord, rags often contamunated with soil or feces
are used as dressings, and mud and manurc are applied directly to the
umbilical stump. Estimations of the total number of cases of nconatal tetanus

and the number of deaths in areas in the Eastern Mediterrancan and Southeast
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Asia during 1980-1981 by Stanfield and Galazka indicated 155,626 cases in
the Mediterranean, of which 132,285 were expected to die. In Southeast
Asia there were 462,429 cases. The actmal numbers of infants who
sucoumbed to tetanus were 7,128 (Mediterranean) and 48,974 (Southeast
Asia) (Stanfield and Galaz ka, 1984). |

A study of the causes of death in patients with nconatal tetanus by
Salimpour indicated pulmonary discase to be most common.
Bronchopneumonia or hemorrhage in the lungs, singly or together, was the
most frequent finding at autopsy. Among the nonpulmonary disorders
responsible for a fatal outcome were hepatitis, omphalitis, cercbral
hemorrhage, thrombosis or rupture of the renal vein. As has been noted not
only in infants but also 1n older children and adults with tetanus, it 15 very
uncommon to find any gross or histological abnommalitics, in most instances.
The complications described by Salimpour, especially those involving the
lungs, are probably related to aspiration associated with the laryngoglottal

spasm charactenstic of the disease (Shmpour, 1977).

2. Incubation Period

The highest mortality was found among patiéflts in the extreme ages
of Iife. (Krugman and Ward, 1973). The median incubation peniod of fatal
and nonfatal tetanus cases with known wounds was 6.2 and 7.6 days. The
more rchiable guide to the prognosis 1s the length of the period cnset, define
as the interval between the first evidence of tmsmus and the first general

convulsion. If the peniod is shorter than forty - eight hours, the attack
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is likely to be severe : if the interval is longer, the illness will be
milder (Christie, 1969). Most cases occured within 14 days. (Beneson,
1987).

F. Immunity

There was no evidence that the natural discase confers 1mmumty
against subsequent tetanus infection (Fulginiti, 1982). The tetanus toxin
was so toxic that an amount sufficient to cause clinical tetanus was too
small to be immunogenic. Recurrent attacks were not uncommon and for
this reason patient who recovered from the disease should be actively
immunized with toxoid to prevent possible exogenou rinfection or
recurrence of infection from C. tetani within the body (Joklik, 1982).
Immunity might be natural or acquired. Matemal antibodies, if present in the
infant, were transmitted through the placenta. This passively acquired
immunity, however, was of short duration. In general, persons of all ages
were susceptible. The administration of tetanus toxoid would stimulate the
production of antibodies that could be maintained at a protective level by
periodic  booster injections (Krugman and ward, 1973). The strategy of
hmnunization was to provide prophylaxis through active stimulation of
antibody well in advance, passive transfer of antibody at the tim of exposure,
or a combination both. Tetanus toxoid was formnaldehyde-denatured
tetanospasmin, a potent antigen used in immunization practice. Aclive
immunization resulted in productioh of antitoxin antibodies rendenng the
person immune to the binding and action of tetanospasmin (Krugman and

Ward, 1973).
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In 1983, Veronesi et al., found the naturally acquired antibodies to
tetanus toxin in humans and animals from the Galapagos Island. In 57
inhabitants who had not been vaccinated against tetanus, antibody to tetanus
toxin was detected in blood varying titers. In one individual the titer of
antibody was more than 12.5 IU/ml. Two individuals who had never been
vaccinated against tetanus but reported had clinical tetanus had titer of
antibody to tetanus toxin of 0.02 IU/ml. and 0.32 IU/ml, respectively
(Veronesi et al., 1983).

The most probable mechanism by which humans and amimals
acquired natural antibody to tetanus toxin was by swallowing tetanus spores.
These might germnate 1n the digestive tract and claborate toxin, according to
the immune status of the animal and the amout of toxin rcleased, had given
nse to cither acute chnical or subchimical tetanus. Repeated subchmical
infections mght sensitizsed the immunologic system (T and B lymphocytes
that produced both ccll and antibody-mediated immumty). Tetanus-prone
wounds rmght acted as boosters for these already immunized. (Veronesi ¢t al.,
1983). Tetanus toxoid mght induced IgE antibody, but serious allergic

reaction were rarcly reported (Hoeprich and jordan, 1989).

1. Prevention and Immunization

Tetanus was almost completely prevenable by active or passive
wnmunization. There were several hines of attack. The most cffectively was
to actively immumze the patient beforchand with tetanus toxoid so that

chinmical tetanus could not develop after infechion. A second was to mnject
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antitoxin after injury as soon as possible, in the hope of destroying toxin
before it could reach the central nervous system. A third was to attack and
killed the organism with a snitable antibiotic before it had time to produce
toxin, and a fourth was to operate surgically on the wound, with the
intention of removing all infected tissuse in the wound so that tetanus spores
were unable to germinate. All four lines of attack expected to be effective
under favourable conditions, but one vital property of C. fetani would
defeated all but the first, active immunization, namely its ability to germinate
and produced toxin without giving rised to local inflammation (Christie,
1974).

Scveral approaches had been made to reduce the incidence and
fatality rate of neonatal tetanus in the developing arcas of the world. Among
these were (1) education of pregnant women conceming the danger of using
contomnated materials for cutting the umbilical cord and covenng the
stump ; (2) training midwives in the application of modem techniques of
obstetric asepsis, (3) development of hospitals in which babies were bomed
under strict asepsis, (4) immurmzation of all women in the childbeaning age
or if this could not be done, all who were pregnant (Feigin and Chemry ,
1987).

Neonatal tetanus could be prevented by making sure pregnant
women were immune so that they would pass sufficient antitoxin
transplacentally to protect newboms. The strategy of immunization was to

provide prophylaxis through active stimulation of antibody well in advance,
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passive transfered of antibody at the time of exposure, or a combination of

both (Fulginiti, 1982).
1.1 Active Immunization

Tetanus toxoid, either fluid or alum precipitated, given in two
doses of 0.5 ml each, separated by four weeks, and a third dose of 1 ml six
months later, gave very satisfactory immunity against tetanus. The first dose
acted as a primarily stimulus only and was usually not followed by detectable
antibody in the serum. The second dose produced a substantial rise in serum

antitoxin, and the third a still better response (Christie, 1974).

Tetanus toxoid is available as an aluminum-phosphate-adsorbed
vaccine or as a fluid vaccine. The fluid toxoid has been used only for
booster doses when rapid protection is needed, but it induces antibody
response of a much shomer duration. It is not recommended for usc.
Adsorbed vaccine 18 antigenic in the presence of passively received antibody
and 15 the only preparation recommended for primary immunization and for

booster doses (Fulginiti, 1982).

In pragnant women, the recommendation was given by the two
doses of tetanus toxoid , the first dose was given as soon as they came to
antenatal clinic and the second was given after the first dose for 1 months or
at least 2 weeks before the delivery (Hoeprich and Collin , 1989). In 1961,
Schofield et al., studied about effect of active immunization in pregnancy, in

New Guinea. They divided into 3 groups , the first was received one dose of
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tetanus toxoid or no injection, the second was two injections before delivery
by inoculated the second dose after the first dose six weeks, the third was
received three injections by the third dose was vaccinated after the second
dose for six months and evaluated after nine months. The result shown that
the woman who received two and three injeotions was able to protect the
baby from neonatal tetanus but the first group which received one dose had
no significant difference from no infection (Schofield et al., 1961). In 1967,
Edsall et al showed that the excessive booster doses of tetanus toxoid were
unnecessary and produced a more highly toxoid sensitive population without
adding significantly to the already high protection level this immunized
population had against tetanus. However, the fall off rate of antitoxin levels
was observed year by year and not more than 30 percent. (Edsall et al.,
1967).  Therefore, it was suggested that people who had a basic
immunization course of plain toxoid should be given a booster within 3
years of the last infection , preferably wish adsorbed tetanus toxoid (White et
al., 1969).

In 1980, immunization of non-pregnant women in rural Bangladesh
with two doses of aluminium - adsorbed tetanus - diptheria toxoid reduced
neonatal tetanus mortality by one - third dunng a period 9-32 months after
vaccination. The duration in mortality rate was attributable almost enﬁxcly to
a 75 percent lower mortality rate among 4 - 14 days - lod - infants, when
tetanus was the predominant cause of death. In the period up to 20 months
following vaccination, the reduction in deaths among 4 - 14 days- old -
mfants after 1 dose was the same as 2 doses. (Black et al, 1980) The

transplacental immunization of the human fetus to tetanus was studied by
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immunization of the mother with tetanus toxoid in different doses. The
study was showed, in the group received two standard doses (5 Lf/dose), the
cord blood and the antibody was higher than in the half dose (2.5 Lf/dose)
group (Gill et al., 1983). The relationstip of iransfer rate of transplacental
tetanus antitoxin was positive correlation to antitoxin in serum. The
newboms whose mothers were immunized with two doses of tetanus toxoid
received passive immunization and gave 100 percents protection rate. In
general, mothers who had a low levels (0.01 - 0.08 IU/ml) of tetanus
antitoxin showed a significantly lower transfer than mothers with medinm
(0.16 - 0.64 IU/ml) and high (1.28 - 10.24 IU/ml) levels (Sangpetchsong
et al., 1984).

In 1985, Sangpetchsong et al studied about the effect of
passive immunity to tetanus in DTP vaccinted infants. They found the
percentage of protective infants bom from non-immunized and
mmunized mothes were 954 and 100 respectively, then the
transplacental tetanus immunity in infants of immunized mothers were
higher than those of non-immunized mothers. After the first dose of
DTP vaccine , infants bom from non-immunized mothers were able to
response  well in  producing antibody whercas the infants from
immunized mothers were not. In the second and third dose of
DTP both groups had similar range of tetanus antitoxin. The
summery indicated that the presence of a high level of passive immunity
would interfere the immune response. Tetanus antitoxin level of
0.1 IU/ml was considered as the protective level (Sangpetchsong ¢t al.,
1985).
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In 1987, there was the study about effects of active immunization
against neonatal tetanus by immunized with 2 doses on tetanus toxoid (10
L£/0.5 ml./dose) in pregnant women. The present was showed that 3 percent
of pregnant women before receiving tetanus toxoid had a protective level
titer of 0.01 IU/ml, after 2 injections of 10 Lf/dose absorbed tetanus toxoid,
Y5 percent of matemal blood and 90 percent of cord blood samples had a
protective level titer. Antitoxin levels were directly related to the interval
between injection. Two widely spaced injections, 6 weeks or more, produced
more protective result than 4 or 5 weeks intervals (Sethavanich ¢t al., 1987).
In the last few years, neonatal tetanus was found in babies of mothers who
had antenatal care and tetanus toxoid immunization during pregnancy. Most
of the infants were bomed at home, in private clenics, local govemment
matemity centers and mission house. The umbilical cords had been dressed
with potentially infected materials like yam flour, dusting powder, balms. It
suggested that matemal immunization alone might not be sufficient, and
proper hygienic care of delivery and cord was essential to eradicate tetanus in

many developing countries (Owa and Makinde., 1990).

In ten years after transplacental immunization with tetanus toxoid,
the antibody responses of the immumzed children to a booster immunization
with 5 Lf tetanus toxoid did not differ from the children who did not
received a booster dose. The tetanus toxoid - stimulated lymphocyte
proliferative responses showed that there was no tolerance to tetanus toxoid
induced by transplacental immunization, and the stimulation indices
suggested that there might be some longterm memory for tetanus toxoid

among the T lymphocytes in children who had been transplacentally

30881 1o 1Y5 453



34

immunized by matemnal immunization with a standard dose of tetanus toxoid

(Gill ¢t al., 1991).

The response to varred timung and spacing of tetanus toxoid
administration in pregnancy was studied in Nigeria by immunized the two
doses of tetanus toxoid in pregnant women before the third trimester of
pregnaney, the longer the interval between the two doses, the better the
response. In contrast, when immunization was started in the third trimester,
the longer the interval between the two infections, the poorer the response.
In all cases, the presence of antitetanus antiboies at booking conferred better
responsc. In addition, the titers of antibodies in all patient who responsed
continued to rise till delivery (Gini and Okafor, 1992). In Pondicherry, India
the study of serological response to various doses of tetanus toxoid given to
pregnant women was found that two doses of toxoid were necessary to
achieve protective titers in women who were previously unimmunized. The
antibody levels appeared to persist for up to 4 years. During a subsequent
pregnancy, a single booster dose of toxoid was sufficient to raise the titers
adequately for protection. These findings were in accordance with the
immunization propramme followed for prophylaxis against tetanus among

pregnant women (Roy ¢t al., 1992).

In 1993 Dastur et al studied the fetal immune response to matemal
tetanus toxoid immmization. Paired matemal and cord blood samples were
collected at delivery from pregnant women received varying doses of tetanus
toxoid during pregnancy. Tetanus specific IgM and IgG aniibodies were
measured by standard ELISA with a sensitivity for IgM of 0.001 IU/ml, and
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for IgG 0.0003 IU/ml. In 22 infants an additional estimation of tetanns
antibody was made 1 month after birth. The presence of specific [gM in 75
% of cord samples established an active fetal immune response. The titer did
not alter significantly with the number of tetanus toxoid given to the mother.
Fetal IgM in 60 percent of cases at one month of age compared to cord
blood levels. At this time IgG levels were uniformly diminished in accord

with a matemally derived passively transferred antibody (Dastur et al., 1993).

In Thailand, Chongsuvivatwong et al studied the control of neonatal
tetanus in Thailand. The two neighbouring provinces, Krabi and Satun, with
simular sociocconomic background and health service coverage, had the
highest reported incidence rate in Thailand. (3 per 1000 Livebirths). A
control programe was conducted between 1989 and 1991. The objective of
this study was to examine changes in prevalence of risk factors among the
population and changes in incidence rates of this discase due to this
programe, two 30 - cluster surveys to measurc prevalence rates of nisk factors
were conducted in Krabi, before and after the campaign. The intervention in
Krabi consisted of mass immunization and intensive education for traditional
birth attendants whereas only the latt.er was camed out in Satun. The
mcidence of neonatal tetanus in both provinces declined dramatically to less
than 0.4 per 1000 Lvebirths in 1990 and 1991. From 1989 to 1991, in
Krab1 province, the coverage of at least two doses of tetanus toxoid
mnfections at any tune pror to delivery rose from 70 to 88 percent.
Reduction in the incidence rate of nconatal tetanus was aschieved by
strengthening of routine health services with or without additional mass

mmmunization. Considenng that the coverage of immunization had not yet
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been completed and the prevalence rates of different risk factors were still
high, further attempts to improve the problem of neonatal tetanus were

necessary (Chongsuvivatwong et al., 1993).
1.2 Passive Immunization

A dosc of 1,500 units of equine tetanus antitoxin (ATS) given
to an adult would maintain a titre of 0.2 umt antitoxin per ml in s
secam for about 2 weeks , such a level was well above the protective
level, and the dose of 1,500 unit was accepted as the standard
prophylactic dosc (Chn'stic, 1974). It often practiced in unimmunized
persons, certain injunes like deep puncture wounds with or without
massive contamination and compound fracture required immediate
protection. The use of horse serum mught be mmpossible when a high
degree of hypermscnsitivity to this material was presented serum sickness
develops in about 5 to 6 percent of people given this agent. Pror
sensitization to horse serum of the development of serum sickness resulted 1n
accelerated disappearance of the antitoxin (Feigin and Cherry, 1987). The
admunistration of tetanus-immune globulin was highly protective and
climinates the hazards of the use of heterologous scmm, which should be
used only when the human preparation was not available. The half hife of
human gamma globulin antitoxin was considerably longer than that of
horse scrum. The dose of immune globulin required for effect prophylaxis
was 250 units intramuscularly, a dose of 4 to 5 unit/kg provided a plasma

level of 0.01 to 0.02 units/ml for 4 weeks or longer (Fulginiti, 1982).
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Penicillin or tetracycline also should be given along with appropriate

surgiocal care.

G. Treatment of Tetanus

Tetanus was a self-limiting disease. If patientes could be kept
alive by therapeutic for three weeks, they would probably all make a
complete recovery. The disease process was not a destructions one, and at
the end of the illness appeared to be as normal as they were before its onset.
But during the acute phase the clinical manifestation of the disease endanger
the life of the patient. The aim of treatment was to lessen or abolish ihese
manifestation so that the patient could survive till the disease was spent.
Here were several way’s to trying to perceieve this aim. One was to attack
C. tetani in the wound so that it cannot produce more toxin, a second was
to neutralize the toxin before it could reach cells and a third were
to tender the nerve cells less repotion to the toxin and muscles
loss reaction to impulses coming from these nerve cells the treaiment of

tetanus was mainly symptomatics (Christie, 1974).

General Treatment

Control of muscular spasms, the patient should be admitted
to a quiet, dark room when all possible anditory, visual or other stimuli
was reduced to a minimum (Hoeprich and Jordan, 1989 ; Christie, 1974).
Avoid all unnecessary handling of the patient. A nasogastric tube should be

inserted to prevent aspiration.
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Specific Treatment

The specific treatment of tetanus included the following 6 topics

wound surgery, antitoxin, antibitics, sedative, tracheostomy and curare.

- Wound surgery : If there was a foul, contaminated wound, it was
logical to explore this surgically in an endervour to abolish the anaerobic
condition and prevent the further production of toxin. It was, however
difficult to prove that this alter the outlook of the patient. Once trismus was
presented, tetanus toxin was already widespread in the motor nerve cells of
the central nervous system and no operation could altered that (Christie,

1974).

- Antibiotic : C. fetani was usually sensitive to penicillin and it
might therefore seen logical to give penicillin in the hope that it would reach
and destroy the organisms and so present the further production of toxin.
But toxin was produced only under anaerobic conditions, and when there
was tissue damaged and interference with the blood supply, so that the dmg
might found it difficult to reach the organism. Large doses must therefore be
given 100,000 unit/kg/day of benzyl penicillin in divided doses every 4
hours (Christie, 1974), and tetracycline, 25 to 50 mg/kg/day or clindamycin
might be considered if the patient allergic to penicillin (Joklik et al., 1980 ;
Feigin and Cherry, 1987).

- Sedative . Basic treatment of this disase was symtomatic. The

nerve cells were excited by toxin the resulting convulsions. Convulsions was
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controlled by dmgs and the patient protected against coincidental hazards,
especially then relating to respiration and feding, until the excitation subsided
and nerve oells resumed their orderly activity (Christie, 1974). Dmg
treatment of spasms curently focused on benzodiazepines. Intravenous
diazepam (Valium) in doses exceeding 5 mg/kg/day might be required.
Diazepam had proved to be a very valuable dmg becanse it effectively
controls spasms and hypertoxicity without depressing the cortical centers.
The recommended dose of 2 to 3 mg ever three hours. The dosage should
be increased 10 to 40 mg/kg/day of children 2 to 5 years of age (Krugman
and ward , 1973).

- Antitoxin Once tetanus toxin was fixed in nerve cells, antitoxin
cannot combind with it or dislodge it : or had any effect on symptoms.
Antitoxin could neutrabze toxin while 1t still being produced and absorbed.
In fatal cases, however, toxins could often not be demonstrated in the
bloodstream and, on the other hand, in patients treated with antitoxin,
protective level of antitoxin and been found in the blood during seven io
fourteen days of 1illness, yet had not prevented the death of the patients
(Patel et al., 1963). In other hands, the central nervous system was usually
damaged by toxin before symptoms appear, antitoxin at thas stage mmght
prevent further damage but could not affect the damage already done
(Chnstie 1974). The antitoxin of choice for the treatment of tetanus
was human hypenmmunoglobulin, the dose was 3,000 to 6,000 umits,
mtramuscularly. A second dose did not appear necessary (Kmgman and
Ward, 1973). When this type of antibody was not used and horse antiserum
antitoxin rmght be used, 1t should be avoided, however, if at all possible.
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The dose was 10,000 U. half was injected intrammscularly, after appropiate
test to mile out senitivity to horse serum had been carried out. If this was
well tolerated, the serum was then given intravenously slowly. Patients
sensitized to horse serum must be considered. An intramuscular injection of
80,000 U of tetanus antitoxin (horse serum) produced maximal
concentrations of antibody in the blood in 48 to 75 hous, very good level

might be-maintaind for seven days (Tumer ¢t al., 1958).
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CHAPTER I

MATERIALS AND METHODS

A. Study Location

The study was conducted at Nonthaburi, Bangkok and Saraburi
Provinces located in the central part of Thailand. Cord blood of newboms
were collected in labour rooms of Nonthaburi, Rajavithi and Saraburi
Hospitals while sera of their mothers were collected in ante-natal clinics or in
labour rooms of these hospitals. Laboratory investigations were performed at
the Department of Microbiology, Faculty of Public Health, Mahidol

Univessity, Bangkok.

B. Questionnaire

Questionnaires were used for getting general information abbut the
subjects under stdied. Age, home location, history_ of immumzation with
tetanus toxoid and history of gravidarum were included in the questionnaire
(Appendix A). The subjects entered to the study were apparently healthy and

answered questionnaires by themselves.
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C. Study Population

Five hundred and three pregnant women were included in this study.

They came to seek the services in the ante-natal clinics or delivery their

babies in Nonthaburi, Rajavithi, Saraburi Hospitals from July 1991 to April

1992. Three hundred and fifty two cases came in ante-natal olinics and 151

cases came in for delivery at these hospitals. All of subjects were divided

into 12 groups based on history of tetanus toxoid immunization, as the

following :-

Group 1
Group 2

- Group 3

Group 4

Group 5

Group 6

Group 7

Group 8

Non-immunized pregnant women 50  cases
Pregnant women who immunized with 1" dose of tetanus
toxoid for 1 month 50  cases
Pregnant women who immunized with ZDd dose of tetanus
toxoid for 1 month 50  cases
Pregmant women who immunized with an dose of tetanus
toxoid for 3 month 50  cases
Pregnant women who immunized with 2.nd dose of tetanus
toxoid for 6 month 50  cases
Pregnant women who immunized with 2" dose of tetanus
toxoid for 1 year 25  cases
Pregnant women who immunized with ZDd dose of tetanus
toxoid for 2 years 42  cases
Pregnant women who immunized with 2nd dose of tetanus

toxoid for 3 years 35  cases
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Group 9 Pregnant women who immunized with 2™ dose of tetanus
toxoid for 6 month and came to deliver in the study period

44 ocases
Group 10 Pregnant women who immunized with an dose of tetanus
toxoid for 1 years and came to deliver in the study period

26 cases
Group 11 Pregnant women who immunized with an dose of tetanus
toxoid for 2 years and came to deliver in the study period

46 cases
Group 12 Pregnant women who immunized with an dose of tetanus
toxoid for 3 years and came to deliver in the study period

45 cases

D. Method of Specimens Collection and Preparation

In the ante-natal clinics, group 1 to 8, the blood specimens were
collected from finger tip of pregnant women and kept in filter paper disc
diameter 12.5 mm, then incubated in room temperature for 1 hour and
packed in plastic bag and kept in the refrigerator. The sera from filter paper
discs were extracted with phosphate buffer saline (PBS) pH 7.2 for 1 ml,
incubated over night at 4°C then incubated in room temperature for 20
munutes with intenmittent shaking . The mixture was centrifuged at 800 x g ,
4°C for 15 munutes, then the supematant was ready to use at the dilution

1:10 and kept in the freezer at - 20°C until used.

In labour room, group 9-12, the blood specimen were collected from
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finger tip of the mother as described above. Five ml of cord blood was
collected after the cord was cut. All blood specimens were allowed to clot at
room temperature for one hour and centrifuged at 800 x g for 15 minutes.

Sera were stored at - 20°C until analysed.

E. Checkerboard Titration

1. Equipment

Flat-bottom microtitre plates (Adelaide Smth Australia, 96 wells) were
used in the checkerboard titration and the absorbance was read with an
automatic microtiter plate spectrophotometer (Minircader II, Dynatech

Laboratories Inc., Virginia, USA).

2. Reagents (Appendix B)

Phosphate buffer saline (PBS), pH 7.2, 0.01 M was used as a coating
buffer and for diluting the antigen (Buffer A.). Phosphate buffer saline, 0.01
M, pH 7.2 containing 0.1 % tween - 20 (PBS-T) was used as a washing
buffer (Buffer B.). 25 % Glutaraldchyde (No. G 6257 Lot. No. 108 F -
0053) used for fixed antigen with the plates (10 ml/vial)

3. Conjugates

Rabbit anti-human immunoglobulin IgA, IgG, IgM, Kappa and
Lamda conjugated with horseradish peroxidase (NO.P 212 Lot. No. 019,



45

Dako Patts, Demmark) were used.
4. Antigen

The tetanus antigen (Lot. No. 93; 1760 Lf/ml) was used for coat plate
and obtained from Biological Products Division, Govemment Phamaceutical

Organization, Ministry of Public Health, Thailand.
5. Antibody

Antiserum Tetuman Bema (Lot. No. 120500124) was a commercial
product purchased from Swiss Serum and Vaccine Instimte of Bema
(Diethelm, Bangkok) and used as standard antitoxin. The composition in 1
ml contained 125 IU stored at 2°C to 8 C, protected from hight and used at
the dilution 1:125.

6. Method of Checkerboard titration

The checkerboard titration was the method to determine optimal
antigen coating level for indirect microplate ELISA for assay of antibody
according to the technique of Sangpetchong et al (1984), modified from
Balestino et al (1984).

The coating buffer solution (Buffer A) was added in the first tbe 4
ml then 2 ml in the 2nd to Sth tube. The tetanus antigen (1760 Lf/ml) was
diluted in the first tube to 17.6 Lf/ml by using tetanus antigen 40 pl the
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dilution was 1:100, then diluted in two-fold dilution to other tube, the
last dilution (8th tube) was 1:12800. One hundred of each dilution
were applied to the wells in vertical row of mioroplate. The antigen
was then fixed with 50 pl of 2 % glutafaldehyde in each well
then incubated in humid chamber at 4°C ovemight. The plate was
washed threé times with PBS-T (Buffer B) to remove the unbound materials
and then 100 pl of blocking solution was added to each well and incubated
in a humid chamber at 37 C for 1 hour. The plate was washed for §ix times
with Buffer B, in the first three times waited for five minutes and the last
three times washed continuously. The antiserum Tetuman was diluted from
125 IU/ml to 1 IU/ml by adding 100 pul of antiserum Tetuman in 12.5 ml
of Buffer B, then diluted to 0.1 IU/ml by adding 200 pl of antiserum into 2
ml of Buffer B (1:10 dilution). In the first horizontal well added 100 pl of
1:10 dilution antiserun and 100 pl of buffer B in each well, then started to
titrate in two-fold dilution except the 12th row was the buffer control. The
plate was incubated in a humid chamber at room temperature for 1 hour,
then washed the plate 6 times as describe above. The enzyme labeled
antihuman immunoglobulin in conjugate 1:1000, (diluted in Buffer B)
was added in each well 100 pl and incubated at room temperature
for 1 hour, then washed the plate for six times. One hunched pl of
OPD - substrate was added in each well, then incubated in the dark
chamber for 20 minutes and the reaction was stopped by adding 50 pl of the
stopping solution (1 N H2 SOa) to each well. The optical density (OD) was
measured by using spectrophotometer at wavelength 490 nm. The positive
cut-off was 0.3 OD and the optimal antigen dilution coating plate was

1: 1600.
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F. Indirect Enzymed-Linked Immunosorbant Assay (ELISA) for

Detecting Antibody to Tetanus Toxoid

1. Equipments

Flat-bottom microtiter plates (Adelaide Smith Australia, 96 wells) were
used in the indirect ELISA. Absorbance was read with an automated
microtiter plate spectrophotometer (Mimireader II, Dynatich Laboratories Inc.,
Virginia, USA)

2. Reagents and buffers (Appendix B)

Phosphate buffer saline (Buffer A) , 0.01 M, pH 7.2 was used as a ‘
diluting reagent of the antiserum and conjugates. Phosphate buffer saline,
0.01 M, pH 7.2 containing 0.1 % Tween - 20 (PBS-T) was used as a diluent
of seram specimens (Buffer B). PBS-T containing 1 % bovine sertm
albumin , skim milk 2.5 % (PBS-T-BSA) was used as the blocking solution.
Nommal saline Tween (NaCl-T) was used as washing solution. O-
Phenylenediamin (OPD) tablets and citrate phosphate buffer (Buffer C) was

used as a substrate solution. The stopping soluting was 1 N'H, SO,.
3. Conjugates
The peroxidase conjugated rabbit antihuman immunoglobulin

(IgA, IgG, IgM, Kappa, Lamda) were purchased from Dako Patts,
Demmark. |
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4. Antigen

2.5% fetal calf serum in 0.9% NSS, 0.25% glutaraldechyde in Buffer
A and tetanus antigen 1:1600 diluted in 0.9% NSS were used for coating

plate.
5. Method of indirect ELISA

The antibody to tetanus in sera were determined by ELISA indirect
method according to the technique of Saapetchsong et al (1984) modified
from Sauder and Chnard (1976).

The microplate was washed by distrilled water for 1 time then 50 ul.
of 2.5% feial calf serum in 0.9% NSS were applied to each well and
incubated the plate in the incubator at 37 C ovemight. Glutaraldehyde 0.25%
in phosphate buffer saline (PBS) pH 7.2, 50 ul. were added in each well to
fix serum, incubated the plate at room temperature for 30 minutes then
washed the plate for 6 times by immunowash with distnilled water, in the first
three times waited for 5 minutes and in the last three times washed for
continuously. The absolute antigen from checkcrboéid titration 1:1600 was
diluted with 0.9% NSS and added 50 pl of antigen in each well, except the
12th row (negative control) then incubated the plate 1n the incubator at 37°C
ovemight, the plate was sealed in plastic bag and kept in the refnigerator for

used within 1 year.
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The plate was washed with NaCl-T once by the immunowash and 100
ul of blocking soluting (Appendix B) was added in each well then incubated
the plate in a humid chamber at room temperature for 1 hour. The plate was
washed for 6 times as describe above, the serum specimens were serially two
fold diluted with buffer B started at 1:200 then added 200 pl of the dilution
in column A. In column B to H added buffer B for 100 pl in each well then
the antiserum tetuman dilution 1:125 in buffer A was added 100 pl at the
ow 11Lh column A as the positive control and the negative control was
applied buffer B for 100 pl in the row IZLh column A. The semum specimens
in each well was mixed and diluted in two fold dilution from column A to H
then incubated the plate in the humid chamber at room temparamre for 1
hour and washed the plate for 6 times. One hundred pl of peroxidase-
conjugated rabbit antihoman immunoglobulin diluted 1:1000 in buffer A
were added to each well. The plate was incubated in a humid chamber at
room temperature for 1 hour then washed the plate for 6 times, then 100 pl
of freshly prepared substrate solution (OPD) were added in each well.
The plate was incubated in the datk box at room temperature for
30 minutes and the reaction was stopped by adding 50 pl of 1 N. H,
SO, to each well. The result was read visually and the optical density
(OD) was measured by spectrophotometer at the wavelength 490 nm. The
absorbance value of 0.3 was chosen as the negative c;lt off titre according to

the negative result in comparison with positive and buffer contrrol.

G. Data Analysis

Reciprocal titers by ELISA indirect method were transformed to their
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logarithmic valnes before conversion to IU. The titers of antibody were
transformed to IU/ml by the statistical analysis (Sangpetichsong et al., 1985)

as the following

IU/ml = titer of the test serum x known unit of standard serum

taiter of standard serum

The rate of transfer of tetanus antitoxin from mothers to their

newboms and the protection rate were determined and calculated as follows :

Transfer rate of protection = No, of newbom with protective antitoxin x 100

No. of mother with protective antitoxin

Protection rate = No. of cases with protective antitoxin x 100
Total of number

The effective of protective level of vaccine was perfoomed and the

attnibutable prevention was calculated as followed:

Effectiveness = Attrbutable Prevention x 100

Protection rate in immunized group.

Attributable Prevention = Protection rate in immunized group -

Protection rate in non-immmunized group

IU were transformed into logarithmic “scale before appling to any

statistic tests because the IU scale was geometric. The comparison among
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varions group according history of tetanus toxoid immunization and the
means of antibody levels were calculated by using one-way analysis of
variance (ANOVA). The relationship of protection rate to tetanus in various
groups were tested by Chi-square. Comparison of log IU antibody to
tetanus in paired sera were determined by paired t-test. Data analysis were

done by using SPSS and Harvard Graphics.
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CHAPTERIV

RESULT

A. General Characteristics of the Study Population

Five hundred and three pregnant women were enrolled into this study. There
were 352 pregnant women on different stages of pregnancy, another 151 pregnant
women were at term and admitted for delivery their babies in 3 hospitals, namely
Rajvithi Hospital, Nonthaburi Hospital and Saraburi Hospital. The newborns of these
151 mothers were also included in the study.

Three hundred and fifty-two pregnant women were divided in to 8 groups
according to their history of tetanus toxoid immmization as shown in Table 1. Pair
sera of the mothers and their newborns were divided into 4 groups (Group 9 to 12)
according to their tetanus toxoid immunization status as shown in Table 2.

Table 1 The study population was divided in to 8 groups according to their histroy

of tetanus toxoid immunization.

GROUP IMMUNIZTION STATUS NUMBER

1 Non-immunized with tetanus toxoid (TT) 50
2 Immunized with first dose of TT for 1 month 50
3 Immunized with second dose of TT for 1 month 50
4 Immunized with second dose of TT for 3 month 50
5 Immunized with second dose of TT for 6 month 50
6 Immumized with second dose of TT for 1 year 25
7 Immunized with second dose of TT for 2 years 42
8 Immunized with second dose of TT for 3 years 35

TOTAL 352
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Table 2 Pair sera of the mothers and their newborns was divided in to 4

groups according to the mother’s histroy of tetanus toxoid

immunization.
GROUP IMMUNIZATION STATUS NUMBER
9 Immunized with second dose of TT for 6 months 44
10 Immumized with second dose of TT for 1 year 16
11 Immunized with second dose of TT for 2 years 46
12 Immunized with second dose of TT for 3 years 45
Total 151

1. Age Distribution

The youngest pregnant woman in this study was 15 years old and the oldest
was 40 years old. Majority of the pregnant women (44.3 %)were in the group of 21 -
25 years, followed by 26 - 30 years of age (26.0 %) and the group of 15 - 20 years
of age (20.3 %). The age distribution of the study population is shown in Table 3.
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GROUP 15-20 21-25 26-30 31-35 36-40 TOTAL
Years Years Years Yoars Years
1 19 18 11 2 - 50
2 16 24 10 - - 50
3 14 21 13 - 2 50
4 11 25 11 1 2 50
5 9 23 12 5 1 50
6 6 11 7 1 - 25
7 6 16 16 4 - 42
8 2 18 9 5 1 35
9 9 13 8 2 2 44
10 4 2 8 1 1 16
11 4 24 14 4 - 46
12 2 18 12 10 3 45
TOTAL 102 223 131 35 12 503
% 20.3 443 26.0 7.0 24 100
2. Geographic Distribution

Geographic distribution of the study population is shown in Table 4, 306
cases (60.8%) lived in the urban area and 197 lived in the rural area Majority of
thogse who lived in the urban area were the migrant workers. Among 12 groups of

pregnant women, about 70-80% lived in the urban areas, while majorities of those

from group 5 and 9 lived in the rural areas. Group S and 9 were the pregant women

who received 2 doses of tetanus toxoid for the past 6 months. The difference was that

group 9 was those at the stage of delivery their babies. Greup 7 and 8 were more or

less equally distributed between living in the urban and the rural areas.




Table 4 Geographic distribution of the study population.

GROUP URBAN RURAL TOTAL
n (%) n (%)
1 34 (68.0) 16 (32.0) 50
2 41 (82.0) 9(18.0) 50
3 40 (80.0) | 10(20.0) 50
4 38 (76.0) 12 (24.0) 50
5 5(10.0) 45 (90.0) 50
6 13 (52.0) 12 (48.0) 25
7 23 (54.8) 19 (45.2) 42
8 18 (51.4) 17 (48.6) 35
9 8(18.2) 36 (81.8) 44
10 14 (87.5) 2(12.5) 16
11 39 (84.8) 7(15.2) 46
12 33(73.3) 12 (26.7) 45
TOTAL | 306(60.8) | 197(39.2) | 503 (109)

85

B. Serum Tetanus Antitoxin Levels in the Pregnant Women

Serum tetanus antitoxin levels of 352 specimens were determined by indirect
ELISA. The protective level of tetanus antitoxin was considered at 0.5 IU/ml (Levine
and Wywnan, 1964). Table 5 shows the serum tetanus antitoxin levels of pregnant
women in group 1 to 8 and Figure 3 to 11 shows distribution of serum tetanus
antibody titer in each group.
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Figure 9 Serum tetanus antitoxin levels of the pregnant women
in group 7 (Post immunized with 2™ dose of TT for 2 years)
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The geometric means of tetanus antitoxin of the pregnant women in group 1 to
8 were summerized in Table 6. The highest geometric mean (GM) of tetanus antitoxin
was found in group 2 (1.27 + 2.18 IU/ml) followed by group 1 (0.73 + 2.03 IU/ml)
and group 3 and 4 (0.65 + 0.87 and 0.65 + 0.63 IU/ml respectively). Only group 5,
6, and 7 that geometric means were lower than protective level (0.5 IU/ml) as shown
in figure 9

Table 6 The geometric means of tetanus antitoxin of pregnant women in group 1 to 8.

Group Tetanus antitoxin titer Cases
GM + SD (IU/ml)

1 0.74+20 50
2 1.3+22 50
3 0.7+0.9 50
4 0.7+0.6 50
5 0.2+03 50
6 0.2+0.1 25
7 04+0.1 42
8 0.6+0.5 35

Total 06+12 352

Comparison of antibody levels in different groups were performed using one
way ANOVA on log (TU) the result was significant (p-value < 0.001). Group 6 (post
immunized with 2°¢ dose of TT for 1 year) was different from proup 3, 4, 7 (post
immumized with 2 dose of TT for 1 month, 3 months, 2 years) and group 5,7 (post
immumized with 2° dose of TT for 6 months, 2 years) were different from group 3,
4, respectively. Group 1 (non-immunized), group 2 (post immunized with 1* dose of
TT for 1 month) were excluded because they did not received  the 2** dose of TT
and group 8 (post immumnized with 2™ dose of TT for 3 years) was excluded

because 5 cases received booster dose 2 - 3 times before delivery.
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Figure 11 Geometric means of tetanus antitoxin of the pregnent women in group 1 to
8. The dot line indicates the protective level (0.5 IU/ml)

C. The Protection Rate to Tetanus of tiie Pregnant Women and the
Effectiveness of Protective Level of Vaccine

The protection rates to tetanus of the pregnant women in group 1 to 8
were shown in Table 7. The highest protection rate to tetanus was 50% in
group 4 (pregnant women who had 2 doses of TT within 3 months),
followed by 48% in group 2 and group 8 (pregnant women who had 1
dose of TT within 1 month and 2 doses within 3 years, respectively).
However, the protection rate of group 2, 3, 4, were not much different, and ranged
from 44% to 50%. Pregnant women :n group 1 (non-immunized) had pretection
rate of 16%. On the other hand, the group of pregnant women with 2 doses
of TT for the past 6 months (group 5), 1 year (group 6) and 2 years (group 7)
had protection rate to tetanus only 14%, 8% and 28.6 %', respectively.
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The relationship of protection rate in pregnant women group 1 to 8 were tested by
chi-square test, The result was significantly different (p-value 0.01)

The effectiveness of protective level of vaccine was calculated, the highest
effectiveness was detected in pregnant women post immunized with 2 doses of tetanus
toxoid for 3 months (68.0 percent) and the prevention attributable to the vaccine was
34 per 100 cases.

Table 7 The protection rate to tetanus of the pregnant women in group 1 to 8, and

effectiveness of protective level of vaccine

Tetanus antitoxin Group
Level 1 2 & 4 5 6 7 8

Protective level 160 | 480 | 440 | 500 | 14.0 8.0 286 | 486

< Protectivelevel | 84.0 | 52.0 | 56.0 | 50.0 | 86.0 | 92.0 | 71.4 | 514

Total 100 | 100 | 100 | 100 | 100 100 100 100
Effectiveness < €6.7 | 63.6 | 68.0 * * 44.0 | 67.0
* not caloulate

D. Serum Tetamus Antitoxin Levels in the Mothers and their Newborns in
Group 9 te Group 12

One hundred and fifty-one paired sera of the mothers and their newborns were
analyzed for tetanus antitoxin levels by indirect ELISA method. The protective level
of tetanus antitoxin was considered at 0.5 TU/ml (Levine and Wyman, 1964). Table 8
summerized the serum tetanus antitoxin level of the mothers and their newbomns in
group 9 to 12. Figure 13 to 17 shows distribution of serum tetanus antibody titers mn

each group between the mothers and the newborns.
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Protection rate (%) 604

GROUP
Figure 12 The protection rate to tetanus of the pregnant women in group 1 to 8

Mothers and their newborns (%)
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B Newbormns

0.08 0.16 0.31 0.62 126 26 499 9.8 Antibody titer

Figure 13 Tetanus antitoxin levels of the mothers and their newborns in group 9

(post immunized with 2™ dose of TT for 6 months)
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Figure 14 Tetanus antitoxin levels of the mothers and their newborns in group 10

(post immunized with 2*° dose of TT for 1 year)
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Figure 15 Tetanus antitoxin levels of the mothers and their newbomns in group 11
(post immumnized with 2*° dose of TT for 2 years)
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Mothers and their newborns (%)

| @ Mothers
‘ @ Newhorns

e
s
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008 046 031 062 126 25 499

Figure 16 Tetanus antitoxin levels of the mothers and their newborns in group 12
(post immmized with 2*% dose of TT for 3 years)

Geometric means of serum tetanus antitoxin levels were summerized in Table
9.The highest geometric mean of antibody to tetanus toxin was found in the paired sera
of group 10 (1.70 IU/ml of the mothers and 0.93 IU/ml of their newborns). The
geometric means of antibody to tetanus of all the mothers (group 9 -10) were above
the protective level (0.5 TU/ml), but those of the newborns in group 9 and 11 were
below the protective level (0.27 +0.28 and 0.31 + 0.34 IU/ml, respectively.
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Table 9 Serum tetanus antitoxin levels (GM) of the mothers and their newborns in

group 9to 12.

Group Tetanns Antitoxin Levels (GM + SD) Total Cases
Mothers Newbomns

9 0.96 + 1.69 0.27 +0.28 44

10 1.70 +2.55 093 +243 16

11 1.39+1.95 0.31+0.34 46

12 130+1.74 0.63 +1.25 45
Total 1.27+1.88 0.54 +0.98 151

Comparison of antibody levels in mothers group 9 to 12 were performed using
one way ANOVA on log (IU). There was no significant difference among the 4

groups (p-value = 0.82). This suggested that the tetanus antitoxin levels of the

mothers who immmized with 2 doses of tetanus toxoid at various periods of 6 months,

1, 2 and 3 year- periods were not different, with the level of antibody ranging from
0.96+1.69to 1.70 + 2.55 IU/ml.

The antibody levels to tetanus in the newboms ranged from 0.27 + 0.28
TU/ml (group 9) to 0.93 + 2.43 TU/ml (group 10). Comparison of antobody levels in
newborns were also analyzed by one way ANOVA on log (IU) and the result was not
significant (p-value = 0.62).
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Figure 17 Geometric means of tetanus antitoxin of the pregnant women in group 9
to 12. The dot line indicate the protective level at 0.5 IU/ml.

E. Protection Rate of Tetanus Antitoxins in the Mothers and their Newborns

The protection rates to tetanus of the mothers in group 9 to 12 were shown in
Table 10. The highest protection rate to tetanus was 68.8 % in group 10 (mothers
who had 2 doses of TT within 1 year), followed by 55.6 % in group 12 (mothers who
had 2 doses of TT within 3 years), 52.2 % in group 11 (mothers who had 2 doses of
TT within 2 years). Mothers in group 9 had protection rate 44.7 %.

In newborns, the protection rates in group 9 to 12 were shown in Table 10.
Tlie highest protection rate to tetanus was 31.2 % in group 10, followed by 24.4 % in
group 12 and 19.6 % in group 11, respectively.
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Group 9 represented the mothers who had 2 doses of TT within 6 months.
Majority of the mothers (52.3 %) had serum tetanus antibody titer lower protective
level, 44.7 percent of the mothers and 18.2 percent of their newbons had the tetanus
antibody titers above the protective level (<0.5 TU/ml).

Group 10 belonged to the mothers who had 2 doses of TT within 1 year.
Majority of the mothers (68.8%) had serum tetanus antibody titer above the
protective level. However, only 31.2 percent of their newborn had serum antibody
above the protective level.

Group 11 were the mothers who had 2 doses of TT for 2 years. Majority
of the mothers (52.2% ) had serum antibody above the protective level, but only
19.6 percent of their newborns had serum antibody above the protective level
(Table 10).

Group 12 were those mothers with 2 doses of TT for the past 3 year.
Majority of the mothers and (55.6 %) had above the protective level, while 24 4
percent of their newborns had serum antibody titer above the protective

level.

The relationship between mothers and their newborns in each group in terms
of protection antiboty was analysed using McNemar’s test. Within each group (9, 10,
11, 12) the relationship of protection rate in paired sample was significant (p-value
= 0.004, 0.003, 0.007, 0.005, respectively). This suggestion, the protective antibody
in newborns related to the protective antibody in mothers, regardless to the duration

of vaccination.
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Table 10 The protection rate in group 9to 12, comparison in pair sera

Perfection rate %
Group Mothers Newborns p-value*
Protection Non-Protection

9 Protection 44.7 18.2 0.004
Non-Protection 523 N 81.8

10 Protection 68.8 31.2 0.003
Non-Protection 31.2 68.8

11 Protection 522 | 196 0.007
Non-Protection 47.8 80.4

12 Protection 55.6 244 0.005
Non-Protection 44.4 t 75.6

* p-value from McNemar

% Protection Rate

70 B Mothers
H B Newhorns

9 10 1 12 foup

Figure 18 The protection rate to tetanus of the pregnant women and their
newborns in group 9 to 12
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F. Relationship of the Mothers and Newborns’ Tetanus Antitoxin Levels

The difference of geometric mean antibody tetanus in paired sera within the
group (thee mothers post immunizeed with 2™ dose for TT for 6 months) were
determined by paired t - test and the result was significant (p-value = 0.005). The
correlation coefficeint between log (IU) of maternals and newborns was significant
(p-value = 0.05). This suggested the antibody to tetanus in newborne were positively
dependent on mothers (r = 0.62).

The relationship of serum tetanus antibody in paired sera of group 9 was
shown in Figure 19. The correlation was positive , the equation of regression line
was Y =0.176 + 0.103X ; X was the serum titer (IU/ml) in mothers and Y was the

serum titer in newborns.

In group 10 (the mothers post immunized with 2°% dose of TT for 1 year) the
difference of geometric means antibody to tetanus in paired sera were determined, the
result was not significant (p-value = 0.28). The correlation coefficeint between log
(I1)) of mothers and newborms was not significant (p-value = 0.15). This suggested
that the tetanus antibody level in newborns were independent to their mothers.
(r=0.37N.

In group 11 (the mothers post immunized with 2** dose of TT for 2 years) the
difference of geometric mean antibody to tetanus were tested, the result was
significant (p-value < 0.0005) but the correlation coefficeint between log (IU) of
mothers and newborns was not significant (p-value = 0.17). The suggested that the
antibody to tetanus in newborns were different from their mothers but there was no

linear correlation. (r=0.20)

In group 12 (the mothers post immunized with 24 dose of TT for 3 years) the
difference of geometric means antibody to tetanus were tested, the result was
significant (p-value < 0.01) and the correlation coefficeint between log (IU) of
mothers and newborns was not significant (p-value = 0.06). The suggested that the



73

antibody to tetanus in newborns were different from their mothers but there was no

linear correlation. (r=0.28)

Figure 20, 21, 22 showed the relationship between serum tetanus antitoxin
(log IU) in the mothers and their newborns in group 10, 11 and 12, respectively. The
correlation was not significant (p-value = 0.15, 0.17 and 0.06, respectively)

Log (iU) of newborn's tetanus antitoxin

14

12

08

04

02

[T

o ’ ¥ ¥ L ¥
0 2 4 6 8 10 12

Log {lU) of maternal's tetanus antitoxin

Figure 19 The relationship of serum tetanus antitoxin (log IU)
between mothers and their newborns of group 9
The regression line Y= 0.176 + 0.103 X
X = antibody titer in mothers
Y = antibody titer in newhorns
(r=0.62)
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Log {IU) of newborn's tetanus antitoxin
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Figure 20 The relationship of serum tetanus antitoxin (log IU)
betwees: mothes's and their newhorns of group 10
{Post immunized with 2™ dose of TT for 1 year)

r=037)
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14

12

08

04

02

"o A ] ’ .

o T T L4 T L
0 2 4 8 8 10 12
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Figure 21 The relationship of serum tetanus antitoxin (log IU)
between mothers and their newborns of group 11
(Post immunized with 2* dose of TT for 2 yeara)
@=0.20)
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Log (1U} of newbom’s tetanus antitoxin

0 L] T T ¥ T
0 2 4 8 8 10 12
Log (R)) of maternal's tetanus antitoxin

Figure 22 The relationship of serum tetanus antitoxin (1ng 1)
between mothers and their newborns of group 12
(Post immunized with 2™ dase of TT for 3 year)
r=0.23)

G. Transfer Rate of Protective Levels

The transfer of protective level of tetanus antitoxins from the mothers to their

newboms was determined and calculated as the following :

% Transfer rate of protectica = Number of newbomn with protective antitoxin level

Number of mother with protective antitoxin level

Table 11  showed the transfer rate (%) of protection in group 9to 12, the
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transfer rate  of protection increased as the maternal antitoxin levels increased.
When the maternal antitoxin level was 0.62 TU/ml, the transfer rate of protection
was between 0 (group 9, 11, 12) to 25 percent (group 10) with the overall rate of 4.5
percent. As the maternal antitoxin level increased to 1.25 TU/ml , the transfer rate of
protection also increased to 33.3 - 55.6 percent with the overall rate of 43.5 percent.
The transfer rate increased to 36 percent and 71.4 percent as the maternal antitoxin
levls increased to 2.50 and 4.99 TU/ml , respectively. However, when the maternal
antitoxin titer was 9.98 IU/ml , the transfer rates of group 9 and 12 were 100 percent
while group 10 and 11 were 0 percent with the overall rate of 50 percent.



UTXOTIUE 9A1199101d [11M SISUIOW JO JAQUINN =

M

UTXOTIUR 2AN09301d YIim SUIOgMaU JO JaqunN =

0 (1/1) 001 (1/0) 0 (1/0) 0 (1/1) 001 86'6
viL (1/D) 001 (b/2) 0§ (1/1) 001 (1/1) 001 66’y
o€ (e €Lz | ®esLe | (2200l (/1) $T 0$'T
S (6/5) 9°SS (572) oy (/D eee | (9/7) €€¢ STl
Sy (€/0) 0 (9/0) 0 (/1) ST (6/0) 0 790
(a/v) (av) (arv) (/)
% Z1 dnoip [1dnoip | 01 dnoip 6 dnoin a1
96l [TeIoAQ UOTI09]101] JO jel I9ISURI], %% L h@ODﬁﬁ{
[BUIle N

Z1 01 6 dnoi13 ur SUIOGMaU II3U) O SISYIOW U} WO UoT19101d Jo 9181 I9Jsuel], 11 S[qeL




79

CHAPTER Y

Discussion

In this study, enzyme-linked immunosorbent assay (ELISA) was
selected as the method of tetanus antibody detection quantitatively. ELISA is
one of enzyme immunoassays (EIA) commonly used in diagnosis of
infectious diseases. The method uses a non isotopic label, which offers the
advantage of safety and shares the specificity, sensitivity and rapidity of
radio-immunoassays (RIA). Some EIA methods provide diagnostic
information as well as measuring immune status, such as detection of total
antibody or specific IgM or IgG of some antigens. To be used in EIA,
enzyme must fulfill a number of cnteria, including a high amount of
stability, extremely specificity, and absence from the antigen or antibody.
The enzyme use in ELISA bound antibodies and remained able to catalyze a
reaction that yicld a visualized endpoint. In addition, its variety to detection
system which range from visual to photometric with colored, fluorescent,
luminescent substrates, has all contributed to the dramatic expansion of
ELISA procedures and applications over the last decade (Rose et al, 1986.)
The antibody to tetanus could be determined by several methods such as
IHA, ELISA, standard mouse method and RIA. In other methods, not
ELISA, the procedures were laborious, expensive and also caused exposure
toradioactive substances. A few studies used IHA and the protective level
was determined at 0.01 and 0.1 IU/ml (Roy et al., 1992; White ¢t al., 1969;
Petcrson ¢t al., 1955). In contrast, ELISA method is a simple test, low cost

and the protective level was the same, 0.01 and 0.1 IU/ml (Sangpetchsong ¢t
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al.,, 1984; Sangpetchsong et al.,, 1985; Sethavanich et al., 1987; Veronesi ¢t
al, 1981). In this study, the protective level of 0.5 IU/ml was used
conservatively and similar to Levine (Levine et al., 1963) to be saved in ont

off the protection level of neonatal tetanus.

The study population was divided into 12 groups according to their
history of tetanus toxoid immunization. Some groups consisted of a few
cases such in group 6 and group 10 were only 25 and 16 cases, respectively.
Such number was too small to be representative of the group. This is due to
the limited study period and sites, we could not get enough cases in due
time. Another problem was found in obtaining history of immunization.
Many of them had imcomplete OPD records and some could not remember
very well about their tetanus toxoid immunization. Regardless of pregnancy,
some pregnant women had booster dose of tetanus toxoid after the accident
or major wound infection. Majority of those attended the ante-natal clinics

were migrant workers and uncertain of their immunization status.

In 1983, the natural acquired immunity against tetanus was reported
in man and animal (Veronesi ¢t al., 1983). Similar to this study, the
detectable levels of tetanus antibody were found in the non-immunized
group. Nevertheless, only 16 % of them had tetanus antibody above the
protective level. Most of them (46%) had the titer of 0.16 IU/ml. However,
the geometric mean of tetanus antibody was 0.7 + 0.2 IU/ml, because of 3
cases with high titer (>4.99 IU/ml). Compared with other studies, the
geometric means were 0.015 IU/ml (Veronesi et al., 1983) and negligible
(Roy et al., 1992). The high titers of these 3 cases could be explained that
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they might have received tetanus toxoid in other health settings, with or
without their knowledge. Some might be contaminated with the spores of

Clostridium tetani , especially those who worked in agriculture.

The distribritions of tetanus antibody in the groups who received
tetanus toxoid for 1 to 3 months (group 2 - 4) were increaseed toward
higher titers with the time (Figure 2 - 4). Their geometric means also rose to
above the protective level. This suggested that immune response was better
ofter vaccination and a fall year after. As in groups 5,6 and 7 who received
2 doses of tetanus toxoid for 6 months, 1 year and 2 years , respectively,
then geometric mean of tetanus antibody fall below the protective level. The
reason that group 5,6 and 7 had the lower titers and fall rapidly could
probably due to poor nutritional stams andfor receiving non-effective
vaccines which may occur if the toxoids were not kept properly in the cold

chain.

In the group with history of 3 years past the last dose of tetanus
toxoid, the geometric mean of tetanus antibody was increased to the
protective level (0.58 IU/ml) due to five cases received the booster doses 2
- 3 times before the last pregnancy. In spite of these cases, there were only

48.6 % of the pregnant women with the protective level of tetanus antibody.

The protection rate of tetanus were found 50 % or less in the
pregnant women group 1 to 8 (Table 7). The protection rates were lowest in
group 5 and 6,14 % and 8 % , respectively. However, 90 % of group 5

were those lived in the miral areas where the record keeping system and
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vaccine storage might be inadequate. There were 25 cases in group 6 , this

small number could not be representative of the true population group.

The study of pair sera, group 9 to 12 , showed the geometric means
of tetanus antibody in the mothers were higher than the protective level and
higher than those of their newboms. The same was true with the protective
rate, the higher the protection rate of the mother, the higher the protection

rate of the newboms (Figure 16).

The transfer rate of tetanus antibody increased with the titer of
matermal antibody between 0.62 - 4.99 IU/ml. It was considered that the
newbom would be protected against neonatal tetanus when matemal antibody
was high as 1.25 IU/ml (geometric mean of groups 9 - 12) or more.
Therefore, it is recommended that the pregnant women who have tetanus
antitoxin less than 1.25 IU/ml should received a booster dose of tetanus

toxoid to produce a sufficient transferable antitoxin to their newbons.

The tetanus antitoxin titers as well as the protection rates of group 9
to 12 were much higher than those of group 5 to 8 which were pregnant at
various stages but not at term but had the same history of tetanus toxoid
immunization as in group 9 to 12. This suggested that the immunity of the
pregnant women was improved toward the end of 9tb month, probably
reached the peak at the last trimester. This study could be improved if the
larger number of cases was included ar{d carried out in different hospitals

particularly in the provinces where the incidence of neonatal tetanus was still

high.
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Furthermore, the prospective study design with the certain history of
tetanus toxoid immunization could eliminate the problem of poor

immunization records and obtain a proper group classification.
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CHAPTER VI

SUMMARY

Five hundred and three pregnant women came in Nonthabun,
Rajavith1 and Sarabun Hospital during July 1994 to Apnl 1995 were
included in the study. Three hundred and fifty two cases came to seek the
services at antenatal clinic on the different stages of pregnancy and devided
mto 8 groups according to the tetanus toxoid immumnization. One hundred
and fifty one pregnant women were at term and admutted for delivened at
these hospitals, paired sera of the mothers and their newboms were divided

into 4 groups according to the tetanus toxoid (TT) immunization status.

Magomnty of the pregnant women were in age group 21-25 years
(44.3 %) , followed by 26 - 30 years (26.0 %). and the group of 15 - 20
years of age (20.3 %). Thrce hundred and six cases (60.8 %) lived in the
urban arca, one hundred and minety seven (39.2 %) hved in rural area. The

main group who lived in the urban area were the migrant workers.

The antibody levels 1n pregnant women post immunized with tetanus
toxoid were determmned by indirect ELISA, the protective level was
considered at 0.5 IU/ml. In group 1 to 8 the specimens were collected from
finger tips, the highest antibody levels was found in group 3, 4 (post
immunized with 2nd dosc of TT for 1 month, 3 months) 0.65 + 0.9, 0.65 +
0.6 , respectively. The comparison of antibody levels in different group (gr.
3 - 7) was performed using one way ANOVA on logarithmic of U , the
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result was significant (p-valne 0.001), group 6 (post immunized with Zﬂd
dose of TT for 1 year) was different from group 3, 4, 7 (post immunized
with an doses of TT for 1 month, 3 months, 2 years), group 5 and group 7
(post immunized with 21]':l dose for TT for 6 months, 2 years) were different
from group 3, 4. After immunized with two dosess of TT, the protection
rate in group 1 to 8 was highest in group 4 (50 %) , followed by group 3
{44 %) , group 7 (28.6 %) , respectively. The effectiveness of protective

level of vaccine was highest in group 4 (68 %).

In paired samples of group 9 to 12, the antibody levels of the
mothers were over protective level, the highest was found in group 10 (post
immunized with 2nd dose of TT for 1 year) 1.70 , followed by group 11
(post immunized with 2nd dose of TT for 2 years) 1.39 and group 12 (post
immunized with 2“d dose of TT for 3 years) 1.30, respectively. In
newboms the antibody levels were lower than the protective level. The
comparison of antibody levels in mothers and newboms group 9 to 12 were

not statistic significant (p-value 0.82, 0.62).

The protective antibody in newboms related to the protective
antibody in mothers, regardless to the duration of vaccination. The
protection rate in newboms was highest in group 10 (31.2 %), then in 1 year
after immunized with an dose of TT was not unnecessary to give booster
dose but more than 1 year, they should be received one booster dose of TT.
The transfer rate of protection was increased to overall rate 435 - 714 %
when the matemal antitoxin titer was at 125 - 998 IU/ml, the

recommendation was o give a booster dose in pregnant women when the
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matemal antitoxin was less than 1.25 IU/ml to produce a sufficient

transferable antitoxin to their newboms.
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Appendix A

Code number.................

Date...ooocrreevasneessissssns
Name........ 80 o Dol o, NS S AL
AGIESS.......cisrse s e s s s s s s e
GravidarM..........oevimincnais, Post-partum........coovrmninciinsneninns
ADOTION ..o ABVe....oiin,
How old are the last OffSpring 7 ...,

Immunization history of tetanus toxoid

L_.l No
D Yes

D 1tgt dose of tetanus toxoid, date ........ccceviiiniian,
L_.I an dose of ietanus toXoid, date .....ccccvveevrrvcrreeinine e
immunized with an dose of tetanus toxoid for 3 months
immunized with an dose of tetanus toxoid for 6 months
immunized with 2nd dose of tetanus toxoid for 1 year
immunized with 2nd dose of tetanus toxoid for 2 years

nd
immunized with 2 dose of tetanus toxoid for 3 years

CoO0000

) i i R nd
pair sera of pregnant women, immunized with 2

dose of tetanus toxoid for 6 months, and cord blood.
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D pair sera of pregnant women, immunized with an
dose of tetanus toxoid for 1 years , and cord blood.

Q pair sera of pregnant women, immunized with an
dose of tetanus toxoid for 2 years, and cord blood.

D pair sera of pregnant women, immunized with an

dose of tetanus toxoid for 3 years, and cord blood.

............................................................................................................
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Appendix B

Reagents and Storage

1. Buffer A - Phosphate buffer saline (PBS) , 001 M ,pH 7.2

Na,HPO, « 12 H O 0.0075 M
NaH, PO, + H,0 0.0025 M
NaCl 0.1450 M
Distilled water 1000 ml

NaCl was dissolved in 900 ml of distilled water, NaH, PO,
were added and mixed well. The solution was adjusted pH to 7.2, and
distilled water was added to a total volume 1000 ml The buffer was
preserved with 0.05 % merthiolate and stored in the cold room at 4°C.

2. Buffer B - Phosphate buffer saline containing 0.1 % Tween-20
(PBS-T), 001 M ,pH 7.2

Buffer A 1000 ml
Tween - 20 01%
NaCl 05 M

NaCl was dissolved in buffer A 900 ml and mixed well. The
solution was adjusted pH to 7.2 and added buffer A to a total volumn of
1000 ml then added 1 ml of Tween - 20 and mixed. The solution was kept
in a cold room at 4° C until used.

3. Buffer C - Citrate phosphate buffer , 0.1 M , pH 5.0
Citric acid « H,0 0.0347 M
Na HPO, - 12H,0 00667 M
Distilled water 1000 ml
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Citric acid was dissolved in distilled water 900 ml, added
Na, HPO, and mixed well. The solution was adjusted pH to 5.0 and distilled
water was added to a total volume of 1000 ml The solution was stored in a
cold room at 4°C.

4. NaC(l containing 0.1 % Tween - 20 (NaCl-T), 0.15 M

NaCl 876 g

Distilled water 1000 ml

NaCl was dissolved in distilled water and added 1 ml of Tween
- 20. Distilled water was added to a total volume of 1000 ml and mixed
well.

5. Substrate solution O-phenylenediamine (OPD)

OPD 0.008 g
Buffer C 12 ml
30 % H, 0, 0.005 ml

OPD was dissolved in buffer C, added 30 % H, O, and mixed.
The solution was stored in the dark bottle at 4°C.
6. Glutaraldehyde , 2 % (V/V)
Eight ml of 25 % Glutaraldehyde was dissolved in Buffer A
and mixed well. The solution was freshy prepared before used.
7. Blocking solution , PBS - T containing 1 % bovine serum
albumin (PBS-T-BSA) ,pH 7.2

Bovine setum albumin fraction 5 10

Qe

Skim milk 25 g

Buffer B 1000 ml
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o g™
Bovine serum albumin 10 g was dissolved in buffer B 1000
ml , adjusted to pH 7.2 and mixed well. Skim milk 25 g was added and

mixed. The solution was kept in a cold room at 4°C until used.
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