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The influence of malaria and gestation on the immune
response to one and two doses of adsorbed tetanus
toxoid in pregnancy
B. J. BRABIN,' J. NAGEL, A. M. HAGENAARS,3 E. RUITENBERG,4 &
A. M. J. C. VAN TILBORGHI

The effect ofPlasmodium falciparum infection on the response to immunization with
tetanus toxoid in pregnancy is ofimportance because malaria is morefrequent and severe in
pregnant women. This paper presents the results ofa study in west Kenya of the antibody
response to an adsorbed tetanus toxoid in primigravidae and multigravidae living under
holoendemic conditions. There was no apparent influence ofeither P. falciparum infection
or gestational age on the immune response to one and two doses of adsorbed toxoid. The
antibody response in pregnant women with and without malaria was comparable to that in
non-pregnant healthy adults. Previous studies of responses to primary immunization
schedules in pregnant and non-pregnant women are reviewed.

Adequate immunization with an adsorbed tetanus
toxoid during pregnancy has been shown to protect
infants from neonatal tetanus (1, 2). In many areas
where tetanus neonatorum is widespread, malaria is
endemic, but it is not known whether malaria or other
parasitic infections occurring during pregnancy
influence the maternal response to tetanus immuniz-
ation. A diminished response to tetanus
immunization has been reported in adults with
onchocerciasis (3) and tuberculosis (4) and in a
number of studies in children with malaria infection.
McGregor & Barr reported an increased number of
responders to two injections of tetanus toxoid in a
group of children receiving long-term malaria
chemoprophylaxis (5). Employing a three-dose
vaccination schedule, Gilles et al. (6) observed no
difference in mean tetanus antibody titre following
immunization in a group of children who had received
long-term malaria chemoprophylaxis in comparison
with a control group. In this study the presence of
parasitaemia at the time of immunization was found
to reduce the mean rise in antibody level significantly.
In a study using short-term chemoprophylaxis,
Monjour et al. observed no difference in antibody
titres following one or two doses of adsorbed tetanus
toxoid between non-infected children and those with
parasitaemia (7). Greenwood et al. (8) and Edsall et
al. (9) observed a decreased response following one
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and two doses of toxoid in children with parasitaemia
from an acute attack of malaria. This finding was not
confirmed in a later study by Greenwood et al. (10)
employing a two-dose schedule in children; however,
although many of these children had initial para-
sitaemia, they may not have had an acute attack of
malaria preceding, or persistent parasitaemia
following, the time of immunization. Close follow-up
after the primary inoculation is therefore important
in order to define the pattern of malaria infection
during the course of vaccination.
Knowledge of the effect of malaria on the response

to tetanus immunization in pregnancy is of particular
importance because malaria is usually more frequent
and severe in pregnant women. A recent field study in
western Kenya demonstrated that, in women living
under holoendemic conditions, the peak prevalence
of malaria parasitaemia occurs at 13-16 weeks'
gestation with a subsequent fall in prevalence later in
gestation (11). In the present study, pregnant women
were immunized with tetanus toxoid in order to
ascertain if malaria parasitaemia or gestational age
has any influence on the maternal response to
immunization.

MATERIALS AND METHODS

Location

The study was undertaken in western Kenya among
women of the Abasamia tribe, in a rural hospital close
to the Lake Victoria shoreline, in an area that is con-
sidered holoendemic for malaria (12).
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Clinic procedure

Women who attended the antenatal clinic and who
had no history of intake of antimalarial drugs during
the current pregnancy were admitted to the study.
Antenatal care was given to all mothers by hospital
nursing staff. Women who required additional
medical care were referred to the hospital doctor for
treatment. Maternal parity and the date of the last
menstrual period were known in nearly all cases.
Gestational age, calculated from the last menstrual
period, was checked against the nurse's assessment of
fundal height. At the time of the first clinic
attendance, the women also visited the laboratory. At
this time, the purpose and nature of the study were
explained in detail in the local language and per-
mission was requested for their participation in the
trial and also for taking a blood sample by vene-
puncture.

After attending the laboratory all participants were
administered 310 mg of chloroquine base for malaria
prophylaxis. The same dose was given at their
subsequent monthly clinic visits; the women were
observed to swallow the tablets. This chemopro-
phylaxis schedule was hospital policy and as the effect
of this management was unknown, it was decided not
to request any changes specifically for study
purposes. Immunization with tetanus toxoid was
carried out as the last procedure before the women
left the clinic.

Immunization schedule

Women were vaccinated on their first visit to the
antenatal clinic (day 0), and received booster doses at
their first and second monthly clinic follow-up visits
(days 28 and 56). For study purposes, the responses to
the initial and first booster dose only were monitored.
This immunization schedule was administered to
women attending the clinic at or after 12 weeks'
gestational age. This was expected to result, on
average, in an interval of about 10 weeks between the
final booster dose and delivery. Three women were
considered to have been vaccinated at 8-11 weeks'
gestation. Primigravidae were asked to return one
week following initial vaccination. This was necessary
in order to distinguish primary from booster
responses, because an accurate record of previous
tetanus immunization was not available. Multi-
gravidae were not seen at one week because it was
expected that most would demonstrate booster
responses, since tetanus toxoid had been administered
routinely for a number of years to pregnant women
attending the hospital.

Vaccine

All subjects received a 0.5-ml dose of vaccine con-
taining 10 Lf units of purified adsorbed toxoid and
3.0 mg of aluminium phosphate (batch no. T 905),

prepared by the Rijksinstituut voor de Volksgezond-
heid en Milieuhygiene, Bilthoven. The preparation
was assayed by a mouse protection test, using as
reference a national standard calibrated against the
international standard of adsorbed toxoid (13). A
value of 470 IU/ml was obtained.
The toxoid was transported to Kenya by one of the

authors (B.B.) and a satisfactory cold chain was main-
tained throughout. In the antenatal clinic it was kept
in a vacuum flask on wet ice. Care was taken to shake
the container well before the vaccine was used.
Vaccine was administered by intramuscular injection
in the deltoid muscle.

Laboratory procedure

A 5-ml sample of blood was collected by aseptic
venepuncture at each clinic visit. Half of this sample
was centrifuged and the plasma stored at - 12 °C
within 1-2 hours of collection. The remaining 2.5 ml
of blood were used to prepare thick and thin smears
for Giemsa staining and then placed in a bottle con-
taining ethylenediaminetetraacetic acid as anti-
coagulant. The anticoagulated sample was later used
in several tests for maternal nutrition and immune
status (these are not reported in the present
paper). Malaria slides were read the same day
and subsequently a large subsample was checked
in the Department of Parasitology, University of
Amsterdam, Netherlands. Serum samples were
forwarded frozen to the Rijksinstituut voor de
Volksgezondheid en Milieuhygiene, Bilthoven,
Netherlands.

Serum analysis
Antitoxin titrations were performed using an

enzyme-linked immunosorbent assay (ELISA)
technique (14). Polystyrene microtitration plates
were coated with an antigen solution containing
0.2 Lf of toxoid per ml and then incubated with test
sera. An anti-human IgG antibody fraction
conjugated with horseradish peroxidase was used as
conjugate. Peroxidase activity was measured by
reaction with the substrate 5-aminosalicylic acid. As a
standard, normal human serum with a known
antitoxin titre in the neutralization assay was
employed in 7 dilutions on all microtitration plates.
For the test samples, titrations were performed in
duplicate using a single dilution (1: 200). For
calculation of geometric mean titres, values below
0.01 EU (ELISA units) per ml are taken as 0.001
EU/ml. A tetanus antitoxin titre during pregnancy of
0.01 IU/ml in the in vivo neutralization assay is
usually accepted as protecting against neonatal
tetanus, although the threshold may be considerably
below this value (15).

Forty serum samples were also titrated using the
toxin neutralization method at the L + /1000 level. In
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the 10 samples with titres of less than 0.01 IU/ml in
the neutralization test, 7 showed higher titres in the
ELISA (range, 0.08-0.46 EU/ml). Five of these
samples were collected following the first dose of
toxoid in women with a primary response. For
samples with titres greater than 0.01 IU/ml in the
neutralization test, a good correlation was found
between the titres measured by the two methods
(r=0.80), with a higher correlation for the samples
from multigravidae with secondary responses
(r= 0.91). The ELISA technique detects low-affinity
IgG tetanus antibody produced after the first toxoid
injection,a which probably explains the increased
sensitivity of this test in samples from primary
responders.
The absence of tetanus antibodies on day 0 and day

7 in primigravidae was regarded as evidence of a
primary response (16). Multigravidae were not
screened on day 7.

RESULTS

Of the primigravidae, 72 returned for the 7- and 28-
day follow-up investigations. Of these, 40 attended
again on day 56. Ten additional primigravidae were
excluded from the analysis because their response
could not be classified as secondary or primary. Of
these, 6 did not return on day 7, 3 had a low level of
tetanus antibody before vaccination but showed a fall
to zero titre on day 28, and one was mistakenly given
the second injection of tetanus toxoid on day 7.
A total of 1 15 multigravidae attended on day 0 and

day 28. Of these, 28 returned for a third visit on day
56. Women who made only a single visit and primi-
gravidae who returned only on day 7 have been
excluded from the analysis.

Parasitaemia groups

The women were classified according to the pattern
of parasitaemia seen during the period of follow-up
(Table 1). The chloroquine administered cleared
asymptomatic parasitaemia in a large number of
primigravidae by day 7. Some of these women showed
positive blood smears again when they returned on
day 28. Multigravidae could be classified in
comparable groups. In almost all cases parasitaemia
indicated infection with Plasmodium falciparum.

Serological studies

Table 2 gives the geometric mean titre (GMT) of
tetanus antibodies for primigravidae showing a

a HAGENAARS, A. M. ET AL. Use of ELISA for the deter-
mination of antibodies to diphtheria and tetanus toxoid for epi-
demiological and immunisation studies. Bilthoven, Rijksinstituut
voor Volksgezondheid, 1981 (internal report).

Table 1. Classification of pregnant women according to
parasitaemia patterns following chloroquine pro-
phylaxisa

Day of follow-up

No. in 0 7 28 56
group

Primigravidae

Group A 13 + + + +

Group B 19

Group C 18 + - + +

Group D 13 +

Group E 9 + b

Multigravidaec

GroupA 17 + + +

Group B 54 - _ _

Group D 27 + -

Group E 10 - b

a 310 mg of chloroquine base administered on day 0, day 28,
and day 56.

b A few individuals first showed parasitaemia on day 56.
' Not seen on day 7.

primary or secondary response and multigravidae
showing a secondary response. The values have been
calculated for the different parasitaemia groups, as
defined in Table 1. There was no significant
difference (Wilcoxon test) between mean titres in
women with no parasitaemia on day 0 or during
follow-up (Group B) and corresponding titres at the
same periods in other groups. All multigravidae,
regardless of the presence or absence of parasitaemia
at different stages of follow-up, showed a good
secondary response following the first immunization.
Seven multigravidae not included in Table 2 had no
detectable antibody at day 0. Of these, four remained
without detectable antibody at day 28; these are likely
to be primary vaccinees. One of these four returned
again on day 56, a month after the second vacci-
nation, at which time she had a high tetanus antibody
titre.

Fig. la shows the distribution of antibody titres in
primigravidae at successive follow-up visits. The
primary response at 28 days showed a bimodal
distribution, which was not seen at other times. There
was one non-responder following the second vac-
cination. The four primary responders from group E,
who were malaria-negative at the time of
immunization but became positive by day 28, showed
high postimmunization titres on day 28. Among the
primigravidae with a secondary response (Fig. lb), 14
women showed a fall in tetanus titre on day 7, with a
subsequent rise in antibody on day 28 and on day 56
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Table 2. Geometric mean titres of ELISA tetanus
antibody (EU/ml) according to parasitaemia group and
time after immunization

Day of follow-up
Parasitaemia group

0 7 28 56

Primigravidae
(primary responsesJ
Group A (6) 0.001 0.001 0.02 0.94 (2)b
Group B (10) 0.001 0.001 0.02 0.77 (6)
Group C (10) 0.001 0.001 0.03 0.57 (8)
Group D (4) 0.001 0.001 0.01 0.82 (2)
Group E (4) 0.001 0.001 0.26 1.05 (1)
All groups (34) 0.001 0.001 0.02 0.71 (19)

Primigrevidae
(secondary
responses)
Group A (7) 0.22 0.31 1.59 3.98 (5)
Group B (9) 0.05 0.74 4.48 4.81 (5)
Group C (8) 0.04 0.07 0.76 3.24 (5)
Group D (9) 0.06 0.25 1.25 0.97 (3)
Group E (5)C 0.01 0.19 2.43 3.77 (3)
All groups (38) 0.05 0.27 1.27 3.21 (21)

Multigravidae
(secondary
responses)
Group A (17) 0.28 7.75 11.22 (6)
Group B (54) 0.24 7.36 8.13 (8)
Group D (27) 0.21 5.80 6.95 (10)
Group E (10) 0.56 7.60 8.32 (3)
All groups (108) 0.34 7.18 8.26 (27)

' Figures in brackets show number of people in the group.
b Figures in brackets show number of people returning for

follow-up on day 56.
Sera from 2 subjects were not available on day 7; secondary

response observed by day 28.

following the second booster vaccination. Bimodal
distribution of titres did not occur at any time during
the follow-up period for women with a secondary
response. As the multigravidae with no detectable
titre on day 28 are probably primary vaccinees (Fig.
2), it is likely that there were no non-responders in the
secondary response groups.

Fig. 3 shows the relationship between the pre-
existing antibody titre and the rise in antibody by day
28 for all women demonstrating secondary responses.
The same graph shows the predicted values for rise in
titre for the vaccine used in this trial, using the

equation derived by Gottlieb et al. (I7).b This
equation expresses the increase in titre following
secondary stimulation with a booster dose of tetanus
toxoid in groups of men and non-pregnant women.
For a given pre-existing antibody titre, in nearly all
cases the rise in antibody response observed in
pregnancy was lower than the predicted response for
non-pregnant adults. The response shown by
multigravidae tended to be greater than that in
primigravidae for a given pre-existing titre.

Table 3 shows the secondary response GMTs
according to parity. Primiparous women had lower
pre- and postimmunization titres than multiparous
women. Multiparous women showed no significant
increase in GMT with increasing parity.

Tables 4 and 5 show the frequency distributions of
antitoxin titres according to gestational age. Ges-
tation appeared not to influence the post-
immunization response measured on day 28. Among
the primary vaccinees there were more non-
responders after a single inoculation among women
immunized at less than 20 weeks' gestation (607o)
compared with those immunized later in pregnancy
(31.6%), but the difference was not significant.

DISCUSSION

Primary and secondary responses
No significant differences were observed in the

response to tetanus toxoid immunization among the
groups of women with different patterns of para-
sitaemia. The GMT after primary or booster vac-
cination was greater than 0.01 EU/ml in all groups.
Four primigravidae with a primary response from
group E who became malaria-positive by day 28
showed the highest GMTs on days 28 and 56, which
suggests that the onset of malaria infection may have
enhanced the antibody response to primary
immunization. The improved response of multi-
gravidae following booster vaccination was not
related to malaria infection, because it was also
observed between primigravidae and multigravidae
who did not have parasitaemia (group B). Many
multigravidae would have been immunized at the
hospital during a previous pregnancy, as suggested by
the differences in preimmunization titres between

b The form of the equation is:

log post = g(D)x Io (ao+ at log pre+ a2 (log pre)2)
pre

where: pre = prebooster titre,
post = postbooster titre,
g(D) = a function of dosage (approximately 1.0at 1OLf),

ao =0.2214, a, = -0.1548, and,a2 = -0.0162.
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women of low and high parity. Full secondary
responses would then occur only at higher parities.
About 78% of the women (146/181), regardless of

their parity, showed a secondary response (Table 3).
This indicates the high coverage rate of tetanus
immunization among the women participating in the
study; most of these women in fact needed only one
dose of tetanus toxoid.
The decreasing variability in individual responses

during the course of immunization was apparent in
the present study, as is generally observed in non-
pregnant adults (18). There were no non-responders
among the booster vaccinees, which is consistent with

Table 3. ELISA tetanus antibody geometric mean titres
(in EU/mi) in 146 pregnant women according to preg-
nancy

Pregancy No. GMT on GMT onPregnancy tested day 0 day 28

1 38 0.05 1.27
2 23 0.16 5.36
3 30 0.20 7.71
4or5 26 0.29 7.13
>~, 6 29 0.67 7.48

Table 4. Distribution of serum tetanus antitoxin titres by gestational age in primigravidae with a primary response

Gestation at first inoculation (weeks)b
Antitoxin titrea
(EU/mi) 8-12 13-16 17-20 21-24 25-28 29-32 33-36 Total

<0.01 2 2 5 1 2 2 1 15

0.01-0.09 1 2 1 1 1 6

0.1-0.9 2 1 5 2 2 12

1.0-9.0 1 1

a Measured 28 days after first injection.
b No primigravidae were vaccinated after 36 weeks' gestation.

the view that the booster effect in a vaccinated person
has never failed to develop (19). A bimodal distribu-
tion of antibody titres occurred at day 28 among the
primary vaccinees (Fig. la). Maclennan et al. (16), in
a study of non-pregnant women in Colombia,
observed a similar segregation into two classes 28 days
after one injection of an adsorbed tetanus toxoid, but
not at other times. A bimodal distribution was not
found at 28 days in a later study in adult females,
undertaken in Burkina Faso (formerly Upper Volta)
using a high concentration toxoid (17.5 Lf) (20).
Sasazuki et al. (21), using an in vitro test, showed a
clear bimodal distribution occurring 14 days
following vaccination of adults with 5 Lf of alum-
precipitated toxoid; a low response was strongly
associated with the HLA gene complex (HLA-DHO
complex). A similar explanation may apply to the
findings in the present study. Malaria infection is
unlikely to be important since individuals from
different parasitaemia groups were included in both
modes of the distribution.

Comparison between non-pregnant and pregnant
women
Gottlieb et al. (17) have demonstrated that, in non-

pregnant adults, for a given prebooster titre, there is a

fixed maximum postbooster titre that may be
obtained within 24 weeks of vaccination. This is in
agreement with results of studies undertaken in
pregnant women (22). This model seemed to describe
satisfactorily the booster response seen in the present
study; however, the predicted responses were
uniformly greater than the responses observed in the
pregnant women on day 28. This difference may be
related to essential differences in the schedules of
primary immunization and the number of booster
doses administered to the persons studied by Gottlieb
et al. It is not due to the malaria infection since similar
regressions were observed for primigravidae and
multigravidae, who had different prevalences of
infection. Hardegree et al. (22) found a significant
difference in protective responses after primary
immunization between pregnant (96%) and non-
pregnant women (77%). However, the batches of
vaccine, the women's ages, and the time of collection
of postimmunization blood samples were different
for the pregnant and non-pregnant groups.
Table 6 shows results from several studies on the

immune response to one or two doses of adsorbed
tetanus toxoid in pregnant and non-pregnant women.
It is possible to compare these studies because in most
of them, blood was collected at approximately the
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same time and the intervals between doses were
similar. All except two employed a neutralization
assay, for which test a titre of 0.01 IU/ml can be
taken as a protective level. It cannot be considered
protective in the study by Rao & Ramon (23), in
which a haemagglutination technique was used,
which also detects non-protective IgM antibody (24),
or in the present study since the ELISA technique also
detects low affinity IgG antibody produced after the
first toxoid injection. c
Of the studies in Table 6, only the small study by

Katitch (25) compared responses to the same vaccine
in pregnant and non-pregnant women. The low
response in the study by Suri et al. (26) may be a result
of using a toxoid of low potency, since even after the
third injection 12% of subjects tested had a titre of
less than 0.01 IU/ml. Since occasional non-
responders were seen in several studies, it is
considered that women should be reimmunized in any
subsequent pregnancy. As shown in Fig. 2, all women
are expected to respond with high titres of tetanus
antibody after the booster dose in a subsequent
pregnancy.

' See footnote a, page 921.

CONCLUSIONS

There was no apparent influence of P.falciparum
infection on the immune response during pregnancy
to one and two doses of adsorbed tetanus toxoid. The
population studied lived under holoendemic con-
ditions and immunity to malaria was well established.
It cannot be concluded that malaria infection would
have no influence on the response to immunization in
women living under conditions of lower endemicity in
whom malaria immunity is less well established and
with correspondingly higher parasite densities during
infection. Other studies, as outlined in Table 6, have
not been controlled for malaria infection so it is
difficult to draw comparisons with areas of different
endemicity.
Under the conditions present in west Kenya, the

adsorbed toxoid proved an effective vaccine and the
specific tetanus antibody response (IgG) was com-
parable to that in non-pregnant healthy adults. Gesta-
tional age did not appear to have an important
influence on the immune response to adsorbed
toxoid and this confirms the view that there is no
disadvantage to initial vaccination early in pregnancy
(15, 29).
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RtSUMt

L'INFLUENCE DU PALUDISME ET DE LA GESTATION SUR LA REPONSE IMMUNITAIRE A UNE OU DEUX DOSES
D'ANATOXINE TETANIQUE ADSORBPE

Cet article rapporte les resultats d'une etude effectu&e
dans un hopital sur la reponse en anticorps A de l'anatoxine
t6tanique adsorb&e chez des primigestes et des multigestes
vivant dans des conditions de paludisme holoendemique
dans l'ouest du Kenva. Des femmes n'ayant pas d'ante&
dents d'absorption d'antipaludique ont ete 6tudiees au
moment de leur premiere visite prenatale (jour 0) et ont ete
suivies ult6rieurement; elles ont subi des prises de sang
veineux au jour 7 (primigestes seulement), au jour 28 et au
jour 56. Toutes les femmes ont Wt6 vaccin6es au jour 0 et au
jour 28 au moyen d'une anatoxine purifi&e adsorb6e (10 Lf;
3,0 mg de phosphate d'aluminium comme adjuvant). Les
anticorps ont et6 mesur6s au moyen d'une technique de
titrage avec immunoadsorbant lie A une enzyme (ELISA).

Un total de 72 primigestes et 115 multigestes se sont presen-
tees au jour 28, alors qu'elles n'6taient plus que 40 et 28
respectivement au jour 56. Les r6sultats ont e analys6s en
fonction de la parasitemie A Plasmodium fakciparum
observ&e au cours de la periode de suivi.

Toutes les primigestes et multigestes, ind6pendamment de
la presence ou de I'absence de parasit6mie aux divers stades
du suivi, ont donn6 de bonnes reponses primaires et
secondaires aprts la vaccination. Les reponses primaires
s'observaient principalement chez les primigestes, qui pr6-
sentaient une distribution bimodale des titres antit6taniques
au jour 28 en r6ponse a la primovaccination, mais pas lors
des autres examens. Une distribution bimodale n'a pas 6t6
observ6e apres la vaccination de rappel. La dynamique des
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reponses secondaires etait semblable a celle qui a e signalee
par Gottlieb et al. (16) chez des sujets en bonne sante
(femmes non gravides et hommes). L'age de la grossesse
n'avait aucune influence sur la r6ponse postvaccinale
mesur&e au jour 28. D'autres etudes comportant un schema A
deux doses ont montre qu'il y avait quelques sujets qui ne

repondaient pas a la vaccination, et l'on estime que les
femmes doivent etre revaccin&es lors de grossesses
ulterieures. Toutes les femmes devraient repondre par des
titres eleves d'anticorps antitetaniques apres la dose de
rappel reque lors d'une grossesse ulterieure.
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