Factors affecting the immunogenicity and
potency of tetanus toxoid: implications for the
elimination of neonatal and non-neonatal tetanus
as public health problems
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An estimated 400000 deaths occur annually from neonatal tetanus (NT). In 1989 WHO adopted the goal of
eliminating NT as a public health problem worldwide. To achieve this, and to control non-neonatal tetanus
(non-NT), WHO recommends that newborns be passively protected at birth by the antepartum administration
of at least two doses of tetanus toxoid (TT) to their mothers and that all children subsequently receive at least
three doses of diphtheria—tetanus—pertussis (DTP) vaccine. For this strategy to be effective, the TT used
must be immunogenic. Potential factors that may affect TT immunogenicity need to be evaluated if NT is to
be eliminated and if non-NT is to be controlled. Although data are conflicting, concurrent malarial infection
may decrease the immune response to TT; however, malarial chemoprophylaxis may enhance the immune
response. Malnutrition does not appear to affect immunogenicity; nevertheless, one study suggests that
vitamin A deficiency is associated with an impaired immune response. Although it has been postulated that
placental transfer of tetanus antibody is impaired in African women, a survey of the published literature
suggests that this is not the case. Freezing TT has been shown to decrease its potency, but its impact on

immunogenicity needs more evaluation.

Introduction

In 1989 the World Health Assembly adopted a reso-
lution calling for the global elimination of neonatal
tetanus (NT) as a public health problem.? WHO
identified two strategies to reach this goal:? achieve
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and maintain high coverage levels with tetanus
toxoid (TT) by giving at least two doses to women;
and ensure access to clean birth practices. The rec-
ommendation to administer TT during pregnancy, or
more comprehensively to all women of childbearing
age, is based on studies demonstrating that the off-
spring of women given two doses of properly spaced
TT are protected against the development of NT (/-
3). To maximize the effect, the first two doses of TT
should be given at intervals of at least 4 weeks, with
the second dose being given at least 4 weeks prior to
delivery (4. 5).° WHO currently recommends that
women complete a series of five doses of TT. Fur-
thermore, to control non-neonatal tetanus (non-NT)
WHO recommends that all children complete a pri-
mary vaccination series that includes three doses of
diphtheria—tetanus—pertussis (DTP) vaccine. In 1994
WHO estimated that 46% of pregnant women had
received two doses of TT and that 79% of 1-year-

¢ Galazka A. Immunization of pregnant women against tetanus.
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olds had been protected with three doses of DTP
(6).9 Thus, elimination of NT may be unrealistic
unless activities are greatly accelerated to increase
coverage.

Although the administration of TT prevents
NT, the disease has reportedly developed in infants
whose mothers have received two or more doses of
TT (7, 8). Such observations, although anecdotal,
raise questions about the potency of TT (7-9) and
about what factors can affect TT immunogenicity
and what is their operational significance for both
the elimination of NT and for the eventual con-
trol of non-NT. There is also concern about
whether women in the tropics have a lower rate of
transplacental antibody transfer to the developing
fetus than women in nontropical areas. Other factors
that could affect TT immunogenicity include con-
current malarial infection, the impact on vaccine
potency of both high and low (i.e., freezing) tem-
peratures (which could occur during transportation
and storage), malnutrition and vitamin A deficiency,
pregnancy status, the age of the recipient at the time
of TT vaccination, and the tetanus toxin load. The
present article evaluates the impact of selected fac-
tors on TT immunogenicity and potency. Excluded is
the impact of different immunization schedules and
intervals between doses (/)¢ as well as the impact on
immunogenicity of human immunodeficiency virus/
acquired immunodeficiency syndrome infection
(HIV/AIDS).

Sources of data

An extensive review of the published literature, pre-
dominantly in English, was carried out to identify
studies that evaluated the impact on the immune
response to TT of concurrent malarial infection and
chemoprophylaxis, malnutrition, vitamin A defi-
ciency, pregnancy status, placental transfer, age of
vaccinee, and the effects of temperature on the vac-
cine. Reviewed also were published and unpub-
lished WHO reports. Although studies of the
immunogenicity of TT in pregnant women are the
most desirable for assessing the impact on NT elimi-
nation, most studies involved children and DTP. We
included such studies in the review since they are

9 Information system. Unpublished document WHO/EPI/CEIS/95
1995 (available upon request from Global Programme for
Vaccines and Immunization, World Health Organization, 1211
Geneva 27, Switzerland).
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relevant for the global control of non-NT and also
have implications for the immunogenicity of TT for
NT control.

Standard definitions were used to interpret po-
tency testing and immunogenicity study data. Stand-
ard potency testing, as defined by WHO, involves a
lethal challenge test in mice, with the degree of pro-
tection of the TT concerned being compared with a
standard reference TT: the results are expressed in
International Units (IU) (10), and TT vaccines with
=401U per human dose are considered potent. Teta-
nus antitoxin levels are measured using in-vivo and
in-vitro methods.® The neutralization test, an in-vivo
test using mice, is sensitive for determining even
low levels of tetanus IgG antitoxin. In-vitro tests,
including passive haemagglutination, enzyme-linked
immunosorbent assay (ELISA), and radioimmu-
noassay (RIA), are less sensitive than the mouse
neutralization test and have poor correlation at anti-
body levels <0.16IU. Also, in-vitro tests may record
higher levels of antibody than neutralization tests
since they detect also IgM or other nonspecific anti-
bodies. However, a recently developed antigen-com-
petition ELISA (/7), as well as the toxin-binding
inhibition test (TOBI), have good correlation at low
levels. A TT vaccine with an in-vivo level of 0.01 U/
ml of serum is considered protective (5),° whereas a
level of 0.11U/ml by in-vitro testing is generally con-
sidered protective.

Results

Malaria infection

For complete evaluation of the impact of concurrent
malarial infections on the immune response to TT,
immunogenicity studies should compare individuals
infected with Plasmodium parasites and those who
are free of such infection. Also, the role of
parasitaemia load and of antimalarial therapy on the
immune response to TT should be evaluated. How-
ever, withholding chemotherapy from persons, espe-
cially pregnant women, who are infected with
malarial parasites for at least 2 months (1 month
between TT doses and 1 month for the second blood
specimen) is unethical in prospective randomized tri-
als. Observational studies have been used to com-
pare the responses of persons receiving or not
receiving chemoprophylaxis: the results have been
conflicting (Table 1). Only one study evaluated the
impact of malaria on the immunogenicity of TT
in pregnant women, while there are no studies of
nonpregnant women of childbearing age (12). Most
of the studies evaluated the immunogenicity of TT
(or DTP) in children.
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The immunological response to two doses of TT
(containing 10Lf units and 3mg AIPO,) was evalu-
ated in two groups of pregnant Kenyan women (/2,
13) who were also given chloroquine on days 0, 28,
and 56 of the study. Group 1 (n = 73) had no docu-
mented parasitaemia during the study, while group 2
(n = 107) had parasitaemia at least once during the
study period. There were no differences in the geo-
metric mean titres (GMTs) between the two groups
of women in terms of their primary and secondary
immune responses, nor was any difference observed
between primigravidae and multigravidae. The study
results suggest that the presence of malaria para-
sitaemia does not interfere with immune response;
however, all the women received chemo-prophy-
laxis, which suppresses current infections.

McGregor et al., in the Gambia, studied the
immune response to two doses of TT in three groups
of 2-year-olds (/4) who received 0.5-ml doses of TT
(unspecified Lf and AIPO, contents) at 6-week inter-
vals. Group 1 (n = 16) consisted of children who
received 150mg of chloroquine weekly from birth,
group 2 (n = 14) of children who received pyri-
methamine weekly from birth, and group 3 (n = 36)
of children who did not receive malarial prophylaxis
but who were treated for malaria as needed. Blood
samples were drawn 10-14 days after TT2. Protec-
tive titres (=0.01 IU/ml) were more likely to develop
in children who received chemoprophylaxis (groups
1 and 2) than in children who did not (86% and 87%
versus 61%, resp.. P < 0.02). However, the distribu-
tion of antitoxin levels among those who developed a
protective antitoxin level was the same in all three
groups. Although chemoprophylaxis resulted in
better immune response to TT. the level of parasite
infection was not assessed.

Greenwood et al.. in Nigeria, evaluated the im-
pact of malarial infection when one dose of TT was
administered to young children (/5). Sera were ob-
tained 16 days after injecting one dose of TT (0.5ml,
unknown Lf and AIPO, contents) to four groups of
children (aged 6 months to 6 years) at an outpatient
clinic. Group 1 (n = 26) included children with >5%
Plasmodium falciparum parasitaemia, group 2 (n =
25) had parasite levels of 0.5-5%. group 3 (n = 31)
were sick nonmalarial controls. and group 4 (n =
34) were healthy controls. All were given
pyrimethamine twice. on day 2 and day 9 after TT
administration. Groups 1 and 2 were treated with
chloroquine. Although 50% of healthy controls
(group 4) responded (defined as a =2-fold increase
in antibody level by double gel diffusion). only 19%
in group 1 (P < 0.02) and 28% in group 2 (P < 0.05)
responded. There were no significant differences
in immune response between either the two
parasitaemia groups or the healthy group and the
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sick controls. Although no information was provided
on the children’s vaccination status, and double gel
diffusion is not sensitive, the results suggested that
malarial infection at the time of TT administration
reduced the immune response to TT. Both higher
parasitaemia load and chronic infections may influ-
ence the immune response, and it was recommended
that TT should not be given during the rainy season,
when malaria transmission may increase. Some of
these findings were confirmed by Edsall et al. (/6).
who reported a decreased immune response to two
doses of TT given to 19 children with malaria, com-
pared with 106 noninfected children (89% versus
100%. resp., P = 0.02).

The impact of malarial infections on TT booster
doses administered to 161 children (mean age = 9.8
years) in Papua New Guinea was studied by
Corrigall (/7); one dose of TT of unspecified com-
position was administered. Serum specimens were
obtained on days 0 and 28, and no treatment was
provided. Only those children with pre-existing
antibody levels on day 0 were considered previously
immunized and were included in the study of second-
ary immune responses. There was no difference in
the mean rise in antibody levels between children
with or without parasitaemia (P > 0.1). No apparent
correlation was found between parasitic density and
the rise in antibody titre.

In Burkina Faso, Monjour et al. compared the
immune response of two doses of TT in 126 children
with untreated malarial parasitaemia and in 159 chil-
dren who were given amodiaquine once a week for 6
weeks (/8). The first group had parasitaemia on days
0 and 35. The treated group had no parasitaemia
on day 35. although an unreported number were
infected on day 0. No differences in antibody levels
were reported after either one or two doses of TT.

The immune response to three doses of DTP
was evaluated in Nigeria among 199 children pro-
tected since birth with chloroquine and 186 age-
matched controls who had not received weekly
protection (/9). There were no significant differ-
ences in the mean increase in antibody titre between
the two groups (1.31 = 0.25 versus 1.25 = 0.31,
resp.): 99% of children in both groups sero-
converted. However. the mean increase in antibody
titre was significantly lower among children who
were parasitaemic when they received the first dose
of DTP (1.12 = 0.33 versus 1.32 = 0.26, P < 0.01).

An adequate antibody response to three doses
of DTP during malarial chemoprophylaxis has been
reported in Nigeria (20). In addition. animal studies
suggest that the immunosuppressive effect of P.
voelii on the immune response to tetanus toxoid (2/)
could be overcome by using an adjuvant and
pertussis vaccine with TT. Thus, caution is required
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in assuming the equivalence of immune responses to
DTP and TT in the presence of malarial infections.

Malnutrition

We found no studies that assessed the impact of
malnutrition on the response of pregnant women to
TT; instead, most studies involved the administra-
tion of DTP to malnourished children. However,
available data suggest that the efficacy of TT is not
decreased under conditions of malnutrition (22) but
that vitamin A deficiency may decrease the immune
response to TT (23). Although cellular and humoral
immune responses are impaired in children with se-
vere protein—calorie malnutrition (PCM), malnutri-
tion in general appears not to depress humoral
immunity. The primary immune deficiency is related
to cell-mediated immunity (22); for example, a case—
control study of 76 malnourished children aged 6
months to 6 years and 41 age-matched controls failed
to detect suppression of humoral immunity (24).
Depression of cellular immunity has been reported
in malnourished children with infections and among
those with PCM and kwashiorkor (25, 26); however,
the immune responses to tetanus and diphtheria
toxoids were satisfactory among three groups of chil-
dren (27) who received DTP (children with normal
nutritional status, children with mild-to-moderate
malnutrition, and children with severe PCM). There
were no significant differences in tetanus antibody
titre levels among the three groups. Adequate anti-
body responses to TT were also exhibited by 90 mal-
nourished children aged 12-36 months; however, the
antibody levels were lower for these children than
for healthy controls (P > 0.05) (28). In addition, the
antibody response to TT among 26 infants with fetal
growth retardation did not differ from that of
healthy neonates (29). Similarly, the immune re-
sponses of healthy children (n = 357), mild-to-
moderately malnourished (n = 116), and severely
malnourished children (n = 33), all of whom re-
ceived three TT doses given 1 month apart, were
examined 1 month after TT3; protective titres devel-
oped in 98.3% of the healthy children (30), in 97.4%
of those who were mild-to-moderately malnour-
ished. and in 93.9% of those who were severely
malnourished.

In contrast, a reduced response to tetanus
toxoid after primary immunization was observed in
21 children aged 7-20 months who had protein—
energy malnutrition (3/). In addition, animal studies
suggest that when protein-deficient mice were given
high protein diets before TT administration their
antibody response improved (32).

Studies of the impact of vitamin A deficiency on
the immune response to TT of children (but not of
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pregnant women) have also resulted in conflicting
findings. A total of 25 children who showed ocular
signs of vitamin A deficiency and who were attend-
ing a nutrition clinic were compared with 24 children
who lacked signs of vitamin A deficiency. Each child
received one dose of TT and antibody levels were
measured 2 weeks after vaccination; protective lev-
els of IgG antibodies were produced in all the chil-
dren (33). A further study compared the antitoxin
levels after two doses of TT among 46 vitamin-A-
treated children and 49 controls (34); the difference
in levels between the two groups was not signifi-
cant and there was no correlation between initial
serum levels of vitamin A and subsequent antitoxin
levels.

A randomized, double-masked, placebo-
controlled trial of clinically normal children and
xerophthalmic children aged 3-6 years showed that
among both groups the IgG response to tetanus
toxoid was significantly greater following vitamin A
ingestion than after a placebo (23). Of the clinically
normal children, 44% had subclinical vitamin A de-
ficiency; nevertheless, children who were supple-
mented with vitamin A until they reached normal
vitamin A levels had higher IgG responses to TT
than those who received placebo (P < 0.05).

In rats the response to diphtheria and tetanus
toxoid injection was poorer among animals that were
vitamin-A-deficient than among controls (35). Also,
vitamin-A-depleted rats produced very low concen-
trations of tetanus-toxoid-specific IgM and IgG anti-
bodies in the primary and secondary responses (36).

Impact of pregnancy status on the
response to TT

No controlled trials designed specifically to compare
the response to TT of pregnant and nonpregnant
women were identified. However, several studies of
TT immunogenicity reported the impact on TT
immunogenicity of the pregnancy status of the re-
cipient (37, 38). For example, one study of the dura-
tion of primary antitoxin responses noted differences
in the proportion of pregnant and nonpregnant
women who developed protective levels after receipt
of TT: 9 of 39 (23%) nonpregnant women and 2
(4%) of 50 pregnant women failed to develop pro-
tective levels after two doses of absorbed TT (10Lf),
corresponding to a relative risk (RR) of 5.8 for not
responding to TT (95% confidence internal (CI) =
1.3.25.2: P < 0.007).

Rate of placental transfer of tetanus antibody
Transplacental transfer of immunoglobulins is lim-

ited to IgG, while IgM., IgA and IgD are excluded
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from fetal circulation (39). In addition, there are
specific Fc receptors in the placenta only for IgG;
placental transfer is initiated by the binding of IgG to
the Fc receptors, followed by receptor-mediated
endocytosis and active transport. Different maternal
antibodies must compete for the limited numbers of
receptors, thus influencing the transport of a particu-
lar antibody to the fetus. Studies indicate that the
concentrations of IgG in maternal and in cord sera
are essentially the same (40, 4/) and that IgG is
actively transported from mother to fetus by the pla-
centa. In addition, data suggest that there is a linear
relationship between placental transfer of immu-
noglobulins and gestational age, such that active
transport increases with gestational age. In one study
fetal concentrations of IgG immunoglobulin ap-
proximated the maternal levels at 38 weeks’ gesta-
tion and continued to increase until birth, reaching
more than twice the maternal levels by delivery (42).
These observations provided, in part, the basis for
giving TT during pregnancy and for recommending
that the second dose be given in the third trimester,
ideally at least 4 weeks before birth and 4 weeks after
the first dose.

Immunoglobulin levels are, in general, higher
among the populations of tropical countries than
among those of nontropical countries. Thus, mean
IgG levels were higher among Gambian, Gabonese
or Nigerian adults than British, French or Swiss
adults (43-45, 47). This difference may be related to
the wide range of antigenic stimuli provided by the
variety of infections that occur in tropical countries.

Several workers have suggested, however, that a
reduction in placental transfer of tetanus antibody
occurs in the tropics, particularly in Africa, and
therefore have questioned the effectiveness of pro-

tection provided by TT administered to mothers
(46-48). This conclusion is based on the observation
that the cord/maternal (C/M) ratios of tetanus anti-
body are higher among European than African
women, with the lower C/M ratios in African women
being taken to indicate a defect in the transplacental
transfer of tetanus antibodies. If correct, this could
have implications for vaccination practices in Africa,
since pregnant women who have received two or
more doses of TT might not transfer sufficient quan-
tities of TT antibodies to the fetus to protect against
NT.

Mean maternal levels of tetanus antibody (IU/
ml) are higher among women in Gabon than among
those in France and higher in Nigeria than in the
United Kingdom (Table 2). Although lower, the dif-
ferences persisted when the levels were evaluated
for cord sera. In addition, the C/M ratios were differ-
ent among women from tropical and European
countries. In Gabon and Nigeria (as well as in Thai-
land (49) and India (50)), where maternal IgG levels
are high, the levels in cord blood are lower than the
corresponding maternal levels: in contrast, in France
and Switzerland cord levels are higher than maternal
levels (i.e., the C/M ratios are >1.0 in France and
Switzerland and <1.0 in tropical countries). These
C/M ratios were, however, obtained using in-vitro
techniques to determine tetanus antibody levels. In
maternal sera both IgG and IgM were determined,
resulting in misleadingly high antibody levels (re-
gardless of the country of origin) compared with
those obtained using in-vivo neutralization tech-
niques. In contrast, since only IgG levels could be
determined in cord sera, the C/M ratios would be
expected to be lower but in tropical countries the
reduction in C/M ratios greater, since maternal levels

Table 2: Tetanus antibody levels in maternal and cord sera in selected

countries
Mean tetanus antibody level (IU/ml):

Country Mother (M) Cord (C) C/M ratio Ref.
Gabon? 1.1 0.91 0.82 46
France 0.44 0.80 1.81
Nigeria® 2.37 1.93 0.81 48
United Kingdom 1.1 1.53 1.38
Thailand® 49

After first dose 0.183 0.043 0.23

After second dose 0.508 0.341 0.67
India®? 0.87 0.85 0.98 50

2 Radioimmunoassay.
b Enzyme-linked immunosorbent assay.
¢ Hemagglutination inhibition.

¢ Only IgG levels were measured in the maternal sera, while in the other studies, total tetanus

antibody was measured.
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would be higher because of the greater levels of IgM
from other sources.

The increase in the C/M ratio with the number
of TT doses in the above-mentioned study in Thai-
land (49) suggests that as the amount of antibody
produced in response to TT administration in-
creases, there is a corresponding increase in the level
in cord sera. Also, in the Indian study (50), where
only IgG was determined in maternal sera, the C/M
ratio is close to unity (0.98). Furthermore, in any
comparison of European and African mothers, dif-
ferences in the timing of immunization must be
taken into account. In Europe women are routinely
immunized on several occasions in childhood and
may have received booster doses as adults. In con-
trast, women in Africa are usually only immunized
during pregnancy, and, on average, have received
fewer doses of TT: also, if they are given TT early in
pregnancy or with a shorter than ideal interval be-
tween the first and second doses or between the
second dose and delivery (57), placental antibody
transfer will be lower than expected.

Common placental infections in the tropics, e.g.
malaria (52), can produce pathological changes in
the placenta that reduce antibody transfer to the
fetus. For example, in a malarious area of Papua
New Guinea, the C/M ratio of tetanus antibody
among pregnant women with heavy placental ma-
larial infections was considerably lower (0.18) than
that among women without such infections (0.83).
About 10% of babies born to mothers whose
placenta was heavily infected with P. falciparum
failed to acquire protective levels of tetanus anti-
body, despite adequate maternal antibody concen-
trations (53).

Impact of the recipient’s age on immune
response to TT

Tetanus toxoid has been administered primarily to
two groups: women of childbearing age to prevent
NT: and children (with DTP) to prevent non-NT.
Most studies (/-5, 54) on the immunogenicity of TT
have been carried out on these groups. The numer-
ous studies on the TT immunogenicity in adults for
the prevention of NT have been carried out on preg-
nant women, often with little regard to their age. The
studies of the impact of age on immune response
have focused on the response to TT among the eld-
erly and not among different age groups of young
adult pregnant women. Although the results of such
studies have no direct impact on NT, they are rel-
evant to the control of non-NT and have therefore
been included here. Several studies have reported
that the majority of cases of tetanus in developed
countries involve over-60-year-olds (55-58). Thus,
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93% of cases in France, 61% in Poland, 67% in
Switzerland, and 58% in the USA have involved
persons aged >60 years. In contrast, studies in devel-
oping countries suggest that a much smaller propor-
tion of tetanus cases occur in adults, and less than
10% of reported cases in Nigeria, Burkina Faso and
India have occurred in persons >60 years of age (59—
61).

Nevertheless, the results of studies on the influ-
ence of age on tetanus antibody response are not
consistent: some have documented a satisfactory re-
sponse among the elderly (62-64), while others have
shown that the immune response of the elderly is
slower and less vigorous than that of younger per-
sons (65-69).

In one study, two doses of TT vaccine adminis-
tered to persons aged 61-94 years with a 7-month
interval between doses increased levels of tetanus
antibody to >0.11U/ml among all recipients (62).
Also. 81-95% of individuals aged 40-93 years who
were immunized with two primary doses of adsorbed
TT separated by an interval of 40 days followed
by a booster dose 1 year later exhibited tetanus anti-
bodies (Table 3) (63). The mean antibody levels 1
year after the first two doses showed no evidence of
decline, and 2 months after the third dose all
vaccinees had protective levels of antibodies (mean,
>11U/ml). There was no clear difference in the im-
mune response of persons aged 40-60 years and
those aged 81-96 years (Table 3). The tetanus
antibody levels 8 years after the third dose of TT
were considerably lower (64), however, with only
50-83% of all recipients exhibiting levels of at least
0.01TU/ml.

Other studies of the impact of age on the re-
sponse to TT have reported less encouraging results.
Two groups of adults (65-84-year-olds and 25-34-
year-olds) were vaccinated twice with adsorbed TT
(SLf) (66). Both the mean titres of total and IgG
tetanus antibody were significantly lower for the eld-
erly group, who also exhibited a greater decrease in
IgG antibody levels than the younger adults. Similar

Table 3: Tetanus antibody levels among adults after
primary immunization with two doses of tetanus
toxoid and a booster dose (ref. 63).

% with mean antitoxin levels >0.01 IU/ml:

30 days after 12 months after 2 months after

Age (years) 2nd dose 2nd dose 3rd dose
40-60 91 (0.07)? 81 (0.027) 100 (1.23)
61-70 87 (0.05) 78 (0.057) 100 (1.11)
71-80 81 (0.05) 79 (0.053) 100 (1.19)
81-96 95 (0.07) 89 (0.023) 100 (1.25)

2 Figures in parentheses are the mean levels (IlU/ml).
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Table 4: Impact of freezing on the potency of absorbed tetanus toxoid (TT)

(see ref. 73)

% with titres:

n <0.01 U2 =0.01-1.9 U =2.0IU P

10 days after TT1:

Unfrozen 121 50 50 NRe?

Frozen, x1 116 53 47 NR 0.64

Frozen, x4 119 54 46 NR 0.51
10 days after TT2: —

Unfrozen 113 0 35 65

Frozen, x1 109 0 38 62 0.7

Frozen, x4 114 0 54 46 0.006
10 days after TT3: _¢

Unfrozen 70 0 0 100

Frozen, x1 64 0 0 100

Frozen, x4 90 0 9 91 0.008

2 A level =0.011U is considered protective.
® NR = not reported.

¢ Test of significance does not include group for <0.01 IU.

findings have been reported by Rethy & Rethy (68).
Compared with other age groups, a lower proportion
of older adults developed protective tetanus anti-
body titres after a primary series of two doses of TT.
In addition, the fall in tetanus antibody levels during
the year following the primary series was more ac-
centuated in the older adults than in the younger
persons, and the response to the booster dose was
also weaker among the older adults.

Finger et al. found that only one-third of recipi-
ents aged 60-98 years developed protective titres
after the second dose of TT (65). However, the third
dose exerted a significant booster effect, causing an
80% increase in the proportion of individuals who
were protected. Masar et al. have also suggested that
age has an impact on the response to TT (67).
Booster doses of TT were administered to two
groups of adults who had been vaccinated at least 10
years previously: those aged 40-57 years and those
aged =60 years. Among recipients who were sero-
negative, the immune responses were slower among
the elderly than among those who were middle-aged:
7 days after vaccination, only 11% of the elderly had
seroconverted compared with 86% of the middle-
aged. However, it is difficult to interpret these data
since the two groups were not characterized in terms
of their previous vaccination history.

Age therefore appears to be an important factor
that can impair the immune response to TT. Tetanus
antibody response among the elderly may be more
delayed than among younger individuals and is less
vigorous than that of younger adults. Nevertheless,
there is every indication that elderly persons can
respond to TT vaccination and will be protected af-
ter the receipt of a primary series.
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Effect of storage temperature on TT

Low storage temperatures adversely affect TT po-
tency, while high temperatures have a smaller
impact./TT stored at 22 °C for 45 days did not exhibit
any significant deterioration in potency (70). When
stored at 35°C for 45 days, the potency of two sam-
ples of TT decreased from 134.61U to 721U and
821U, respectively, but both were still above the
minimum level of 40 IU. However, significant loss of
potency was observed after 15 days of storage at
45°C. Other studies have also reported on the stabil-
ity of TT over long storage periods (71, 72).

Only one study was found on the impact on TT
immunogenicity of freezing, although other studies
evaluated the impact of freezing on the tetanus com-
ponent of DTP or DT (73). The one study con-
cerned, conducted on army recruits in India, used
four different lots of TT, half of which were adsorbed
(Table 4). In each of the four lots there were three
study groups: TT that was frozen once; TT frozen
four times; and TT not frozen. Blood samples were
drawn on day 0 and day 10 after TT1, TT2 and TT3;
there was an interval of 6 weeks between TT1 and
TT2, and 6 months between TT2 and TT3. All titres
before vaccination were <0.005IU and protective
titres developed in all vaccinees. Thus, 10 days after
the receipt of TT3, which had been frozen four times,
100% of the 89 subjects had protective titres of
>0.011U (Table 4); however, only 91 % of those who

 Galazka A. Stability of vaccines. Unpublished document WHO/
EPI/GEN/89.8, 1989 (available upon request from Global Pro-
gramme for Vaccines and Immunization, World Health Organiza-
tion, 1211 Geneva 27, Switzerland).
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Table 5: Impact of freezing on the potency of the tetanus component of DTP
and DT vaccines at different temperatures (adapted from ref. 74, 75)2

Storage temperature (12 hours)

Vaccine -5°C -10°C -20°C -30°C
DTP (sample):
1 Not tested — — —
2 — — NSD® —
3 NSD —_ — NSD
4 — NSD — 29% decrease
5 — NSD — 25% decrease
6 — NSD — NSD
7 Not tested — — —
DT (sample):
1 NSD — — —
2 61% decrease* — — 55% decrease

2 DTP = diphtheria—tetanus—pertussis; DT = diphtheria—tetanus.
5 NSD = no significant difference between potency of vaccine stored at +4°C.
¢ Even with the decrease, the potency was reported to be >40IU (minimum WHO

requirements).

received TT frozen four times had titres >2.01U,
compared with 100% of subjects who received
unfrozen TT (P = 0.008) and 100% of subjects who
received TT that had been frozen once.

In two WHO-sponsored studies conducted by
six laboratories, the impact of freezing DTP and DT
on the potency of the tetanus component (when
stored at +4°C, —5°C to —15°C for 12 hours, and
—20°C to —35°C for 12 hours) was examined (74,
75). No other studies of the impact on tetanus po-
tency of freezing DTP were found. As shown in Ta-
ble 5, freezing DTP at —5°C to —15°C for 12 hours
(which simulates freezing in a refrigerator) or at
—20°C did not reduce its potency. Two samples of
DT were tested after storage at —5°C: one had no
significant change in potency, while the potency of
the other sample, although it had decreased by 61%
was still adequate. However, the potency of three
of five samples tested when stored at —35°C for
12 hours (which simulates vaccine frozen in a
freezer) decreased by 25% to 55%, while two sam-
ples showed no significant decrease in potency. In
addition, the potency of the tetanus component in
one unadsorbed sample of DTP vaccine was un-
changed after freezing at —5°C and —30°C.

Discussion

In this review we have summarized what is known
about various factors that may affect the perform-
ance of TT. Although numerous studies were found
that addressed several potential factors, the data
available on most of them do not permit definitive
conclusions to be made about their precise impact on
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TT potency or immunogenicity in the field.

Malaria infection, but not malnutrition, may
suppress immune response to TT; however, further
investigations are needed to determine the opera-
tional significance of this, especially the impact of
malaria infection on the immune response to TT of
pregnant women, since most studies were conducted
on children. In addition, research is needed to deter-
mine whether in malarious areas, TT should be given
with chemoprophylaxis during the rainy season (15).
Using case—control studies, investigators evaluating
risk factors for NT and non-NT should assess the
malarial and nutritional status of mothers. If reports
of TT failures are verified, both the role of con-
current malarial infection and nutritional status, es-
pecially vitamin A deficiency, should be evaluated.

There are few data that compare the immune
response to TT of pregnant and nonpregnant
women. Those data that are available (often on small
sample sizes) were obtained in field trials and not in
controlled studies designed to detect differences in
TT immunogenicity between such women. This is
not, however, significant for programmes since many
countries recommend that all women of childbearing
age, regardless of their pregnancy status, be vacci-
nated with TT to prevent NT. These observations
need to be further investigated to assist in identifying
the most appropriate group of women to receive TT
to prevent NT.

Available data suggest that placental transfer of
TT antibodies is not impaired as previously had been
held to be the case. However, the mechanisms in-
volved in the transfer of immunity have not been
investigated rigorously in the tropics. Studies should
be undertaken to confirm whether the different cord/
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maternal ratios observed in Africa arise only be-
cause of variations in the sensitivities of different
techniques used to determine the activity of antibod-
ies present in maternal and cord sera or because of
impairment of the passage of tetanus antibodies
across the placenta. The influence of the characteris-
tics of the antibodies, i.e., the class, subclass, avidity,
etc., produced using various immunization schedules
should be further investigated. Epidemiological in-
vestigations of tetanus immunization failures in
pregnant women (i.e., development of NT in infants
born to women who received at least two TT doses)
should be supported by serological studies on the
quantity and quality of antibodies.

Those studies that have evaluated the effects of
age on TT responses suggest that the elderly can
respond adequately. This has greater importance for
control of non-NT than for control of NT, especially
in developed countries. However, in many countries,
large cohorts of women who are reaching child-
bearing age were immunized in early childhood with
only the primary series of DTP vaccine or with addi-
tional booster doses of TT. It is important to deter-
mine both the circulating antibody levels long
periods after primary vaccination with DTP as well
as the extent of immunological memory and capacity
to respond to a booster dose of TT.

Storing TT frozen may contribute importantly
to poor TT performance (J. Lloyd, personal commu-
nication, 1993). However, we found only one study
that evaluated the effect of freezing TT on im-
munogenicity. TT that had been frozen even four
times was immunogenic when given as a second or
third dose in the primary series. Freezing DTP af-
fects its potency, but not consistently. More studies
are needed to determine the impact of repeated
freeze-thaw cycles on TT. Changes in its potency
and immunogenicity should be evaluated under cir-
cumstances that replicate field experiences, e.g. the
impact of freezing in the cold boxes used during
vaccination sessions. Freezing changes the composi-
tion and the appearance of TT. causing flocculation.
More research is needed to determine whether fail-
ure to shake the vaccine vial thoroughly results in
lower immunogenicity in field use.

In summary, TT coverage is still unacceptably
low, and immediate activities need to be accelerated
to meet the goal of <1 non-NT case per health dis-
trict. While there is an urgent need to accelerate
activities to increase coverage as the top priority,
studies are also needed to identify risk factors for NT
in individual countries, and to more fully understand
those factors that affect immune response to TT and
whether the results obtained with DTP or DT in
children apply to TT in pregnant women. Failure to
address these issues adequately runs the risk of com-
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promising the efforts of many countries actively
involved in realizing both the goal of global elimina-
tion of NT as a public health problem and of control-
ling non-neonatal tetanus.

Résumé

Facteurs influant sur 'immunogénicité et
I'activité de I'anatoxine tétanique:
répercussions sur I’élimination du tétanos
néonatal et non néonatal en tant que
probléme de santé publique

Le tétanos est une cause majeure de morbidité
et de mortalité a I'échelle mondiale, et entraine
chaque année environ 400000 déces par tétanos
néonatal. En 1989, 'OMS s’est fixé comme objec-
tif I'élimination a I'échelle mondiale du tétanos
néonatal en tant que probléme de santé publique.
Afin d’atteindre cet objectif et également pour lutter
contre le tétanos non néonatal, 'OMS recommande
de protéger les nouveau-nés a la naissance par
I'administration antépartum d’au moins deux doses
d’'anatoxine tétanique a la mere, et d’administrer
ensuite a tous les enfants au moins trois doses
de vaccin antidiphtériqgue—antitétanique—anticoque-
lucheux (DTC). Pour que cette stratégie soit ef-
ficace, l'anatoxine tétanique utilisée doit étre
immunogéne. Les facteurs susceptibles d’influer
sur son immunogeénicité doivent étre évalués si
I'on veut atteindre les objectifs fixés. Bien que les
données divergent selon les études, il semble que
le paludisme puisse interférer avec Iimmunité
néonatale en supprimant la réponse immunitaire
de la meére a l'anatoxine et en réduisant le trans-
fert transplacentaire d’anticorps. La malnutrition,
y compris l'avitaminose A, ne semble pas affec-
ter immunogénicité de I'anatoxine. Cependant,
d’'apres les résultats d’une étude, I'avitaminose A
pourrait tout de méme étre associée a une altération
de la réponse immunitaire. Il a parfois été postulé
que, chez les Africaines, le transfert transplacen-
taire de [lanticorps antitétanique pouvait étre
diminué mais, d'aprés des rapports publiés, il
semble qu’il ne soit pas modifié en I'absence
d'infection palustre. D’aprés un examen des
articles publiés, aucun essai contrélé n’a cherché
spécifiquement a comparer la réponse a I'anatoxine
tétanique chez la femme enceinte et non enceinte.
L'age semble jouer un rdle important, en retardant
la réponse immunitaire a I'anatoxine chez les sujets
agés. Certaines études semblent cependant
indiquer que ces derniers répondent a la vaccina-
tion antitétanique et sont protégés par I'admini-
stration d’'une premiére série d’injections.
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La congélation de l'anatoxine tétanique au
cours du stockage entraine une perte d’activité,
mais son impact sur immunogénicité doit étre
mieux évalué. On n’a trouvé dans la littérature
qu’une seule étude consacrée a I'impact de I'emploi
d’'une anatoxine ayant gelé sur la réponse immuni-
taire. Méme aprés quatre cycles de congélation-
décongélation, I'anatoxine donnait des titres
protecteurs chez toutes les personnes vaccinées.
D’autres études montrent que la congélation a un
effet sur l'activité de I'anatoxine tétanique, mais de
fagon non reproductible.

Toutes ces études sur l'impact de différents
facteurs sur limmunogénicité de I'anatoxine
tétanique ont des répercussions directes sur les
programmes. Par exemple, s'il était démontré que
le paludisme nuit a la protection contre le tétanos
néonatal, cette conclusion pourrait avoir des
conséquences importantes sur le moment a choisir
pour les vaccinations ou sur la nécessité d’évaluer
la situation des vaccinés en ce qui concerne le
paludisme. De plus, d’autres études doivent étre
effectuées pour déterminer l'impact de cycles
répétés de congélation-décongélation sur l'ana-
toxine. Les recommandations actuelles préconisent
la destruction des flacons d’anatoxine tétanique
ayant gelé, mais pourraient devoir étre revues si de
nouvelles études laissent a penser que, dans
certaines circonstances, une anatoxine tétanique
ayant gelé est encore immunogéne et conserve son
activité.
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