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Immunoglobulin E responses to
diphtheria and tetanus toxoids after
booster with aluminium-adsorbed and
fluid DT-vaccines

Anders Mark™", Bengt Bjorkstén* and Marta Granstrom®

Immunoglobulin E responses to diphtheria and tetanus toxoids were investigated in pre-
and postbooster samples of 104 children given, at 10 years of age, a DT booster with
either an adsorbed (n=51) or a non-adsorbed, fluid vaccine (n=353). Vaccination with
adsorbed DT is part of a national immunisation programme and represents the first
regular booster given to these children, primarily immunised with three doses of adsorbed
DT at age 3-6 months. The vaccines, with a content of 30 Lf of diphtheria toxoid and 7.5
Lf of tetanus toxoid per millilitre, were given for booster in a dose of 0.25 ml as a deep
subcutaneous injection. In the prebooster samples, 3 and 14%% had measurable IgE to
diphtheria and tetanus, respectively. These rates rose to 94 and 92%; in the postbooster
samples, respectively. The median (range) of IgE to tetanus among recipients of the
adsorbed vaccine was 0.59 PRU ml” ( <0.1-17.5), as compared to 0.27 ( <0.1-8.22) in
the recipients of the fluid vaccine (p=0.027). The median IgE response to diphtheria
toxoid in the whole group was 1.8 ( <0.1-17.5), with no significant difference between the
two vaccines (p=0.76). There was no correlation between the IgE and IgG responses
(r<0.07, p>0.5) but the two IgE responses as well as the ratios of IgGlIgE showed
strong correlations (v>0.7, p<0.001). The study thus revealed unexpectedly high rates
of IgE responses to diphtheria and tetanus toxoids in a regular DT booster vaccination
programme, which were associated to high rates of local side effects. The clinical
significance of the findings remains to be elucidated but aluminium as adjuvant may need
re-evaluation,
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Adverse reactions to vaccinations are common but they
have been tolerated for the benefit of immunity against
serious disease. The causes of the mainly local reactions
to tetanus—diphtheria (DT) vaccination are not fully
understood and the true rates in national immunisation
programmes are seldom known since they are not
routinely monitored. In Sweden, a systematic recording
of local reactions was started to verify an apparent
increase in the incidence after the school DT booster
programme in 10-year-old school children'. The study
showed high rates of local reactions in the children who
had received adsorbed DT vaccine for primary
vaccination in infancy and these rates were significantly
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higher than those seen in children who had been
vaccinated according to a previous programme with
non-adsorbed, fluid DTP for primary series (Tuble 1).

A likely cause for the increased incidence would be
the presence of aluminium adjuvant in the vaccine given
for primary series. Supporting this possibility, we have
noted a higher rate of local side-effects in children
boostered with an adsorbed acellular pertussis vaccine
in the group who had received the same vaccine for
primary immunisation than in the group who had
received fluid whole-cell DTP for primary series™ *. We
also found that the children with the highest rates of
local side-effects had a significantly higher rate of
immunoglobulin E (IgE) response to pertussis toxin
than children without local reactions®. Others have
reported higher IgE responses to tetanus toxoid after
booster with adsorbed tetanus vaccine than with fluid
vaccine® ©.

The effect of aluminium adjuvant is to potentiate the
specific protective antibody responses, usually in the
IgG antibody class. On the other hand, aluminium is
also a potent inducer of IgE responses. Adjuvants are
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Table 1 The Swedish vaccination programme and the study design, with the study vaccines in italics

General vaccination programme (year of birth)

Study group (born in 1982)

Age at vaccination Until 1979

1980-1985

After 1986 Regular vaccine Test vaccine

Vaccinations in infancy

3 months Non-adsorbed DTP?
4 months Non-adsorbed DTP
5 months Non-adsorbed DTP
12 months
Fourth dose (booster)
10 years Adsorbed Td° until 1986

Adsorbed DT from 1986

Adsorbed DT?
Adsorbed DT
Adsorbed DT

Adsorbed DT

Adsorbed DT
Adsorbed DT
Adsorbed DT

Adsorbed DT
Adsorbed DT
Adsorbed DT

Adsorbed DT

Adsorbed DT
Adsorbed DT

Adsorbed DT Adsorbed DT Non-adsorbed DT

“Vaccinations in infancy: 30 Lf diphtheria toxoid, 5 Lf tetanus toxoid and 20 opacity units B. pertussis per human dose

“Vaccinations in infancy: 15 Lf diphtheria toxoid, 3.75 Lf tetanus toxoid, adsorbed to 0.5 mg aluminium phosphate per human dose
“Fourth dose (booster Td): 3.75 Lf tetanus toxoid with 0.5 Lf diphtheria toxoid, adsorbed to 0.5 mg aluminium phosphate per human dose
“Fourth dose (booster DT): 7.5 Lf diphtheria toxoid, 1.875 Lf tetanus toxoid, adsorbed to 0.25 mg aluminium phosphate per human dose

generally considered necessary for priming but their
significance in booster vaccination is even less firmly
established. Encouraged by an earlier study showing
lower rates of side-effects to booster with a fluid tetanus
vaccine’, we investigated in a double blind trial the
immunogenicity and the adverse effects of adsorbed and
non-adsorbed DT as booster injection to 10-year-old
school children (Table I). We found that aluminium was
not necessary for the IgG responses to the vaccine and
that removal of the adjuvant did not decrease the rate of
local reactions®. The aim of the present study was to
investigate IgE responses to diphtheria and tetanus
toxoids after booster vaccination with adsorbed and
non-adsorbed vaccines and the possible relation
between IgE and adverse effects.

SUBJECTS AND METHODS
Study design

The study was a randomised double blind clinical trial
of 10-year-old school pupils due for booster DT
vaccination at the school health services®. The children
had as infants received 3x0.5 ml doses of adsorbed DT
vaccine for primary series. Children and parents were
asked to participate in the present study by agreeing to
respond to a structured questionnaire for registration of
side-effects for two weeks. In six classes, the children
were also asked to agree to two venous blood samples.
Paired blood samples, sufficient for analysis of IgE and
IgG to both diphtheria and tetanus toxoids, were
obtained from 104 children, 68 boys and 36 girls.

Venous blood samples were collected in Vacutainer
tubes (Becton Dickenson and Co., Rutherford, NJ,
USA) before and 4 weeks after the vaccination. Sera
obtained from these samples were labelled and frozen at
—20°C until the serological analyses were performed in
parallel on the two samples of each child.

Children and their parents were asked to register fever
and other systemic reaction such as headache or
discomfort. They were instructed to measure local
redness or swelling and register any itching or pain and
make daily enterings of any such reactions in a special
diary kept for two weeks. The children were also asked
about the immediate pain at the injection site according
to a visual 10-grade analogous scale.
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Vaccines

The Swedish vaccines, changes in the vaccination
programme and the design of the current study are
shown in Table 1. All the vaccines were produced by the
National Bacteriological Laboratory, Stockholm,
Sweden. The regular DT vaccine contained 30 Lf ml™
diphtheria toxoid and 7.5 Lf ml™' tetanus toxoid. It was
adsorbed to aluminium phosphate (corresponding to 1.0
mg Al ml™") and suspended in phosphate-buffered saline
with 0.01% thiomersal as preservative at pH 6.0. The
test vaccine contained identical amounts of toxoids and
preservative at pH 7.1 but no aluminium. The tetanus
vaccine had a purity of approximately 1700 Lf mg'
protein nitrogen and the diphtheria vaccine around 2000
Lf. A dose of 0.25 ml of either vaccine was given with a
No. 16 (0.6x25 mm) needle deep subcutaneously on the
external side of the arm in the deltoid region.

Serological assays

The modified Phadebas RAST™ (Pharmacia,
Uppsala, Sweden) was used for measurement of IgE to
diphtheria and tetanus toxoids, as described in detail
previously using pertussis toxin as antigen®’. Briefly,
each toxoid was coupled to CnBr-activated discs by the
Special Allergen Service, Pharmacia, Uppsala. Sera were
diluted 1:2 and tested in duplicate, extending the
incubation time to 24 h under continuous shaking.
Values of 0.1 Phadebas RAST Units (PRU) per ml and
above were regarded as positive.

Pre- and postbooster IgG antibody responses to
diphtheria  toxoild  were  analysed by  the
microneutralisation test in Vero cells® and to tetanus
toxoid by toxin-binding inhibition test'’. The results
have been presented previously® and are summarised in
Table 2.

Statistical analysis

Comparisons between immune responses and graded
adverse reactions and between the groups given fiuid or
adsorbed vaccines were made by Mann-Whitney U
rank sum test. Correlation between antibody levels and
adverse effects were analysed by simple regression
analysis.



Table 2 Median IgG and IgE titres to diphtheria and tetanus
toxoids in postbooster samples after vaccination with adsorbed and
non-adsorbed DT vaccines

Booster vaccine

Antigen/

Antibody class Adsorbed DT Non-adsorbed DT p value
Diphtheria

IgG (IU ml™") 25.6 51.2 0.0135
IgE (PRU ml™") 1.84 1.63 0.7596
Tetanus

IgG (IU mi™") 26 32 0.0014
IgE (PRU ml'") 0.59 0.27 0.0274
RESULTS

In the whole study population of 104 children, 3 (3%)
and 15 (14%) had measurable IgE antibodies in the
prebooster samples to diphtheria and tetanus toxoids,
respectively. After DT booster, 98 (94%) and 96 (92%)
were positive, respectively. The median (range) before
booster of IgE titres was <0.1 (—0.69) and < 0.1
(—0.59) to diphtheria and tetanus, respectively. Only
one sample contained > 0.35 PRU ml"' against both
antigens. This occurred in a child, who had been given a
booster dose before travelling one year previously. In
the postbooster samples, the median titres rose to 1.8
(<0.1-17.5) against diphtheria toxoid and to 0.4
(<0.1-17.5) against tetanus toxoid. The responses were
similar in boys and girls.

The log IgE and log IgG responses to diphtheria or
tetanus toxoids for the whole study population of 104
children did not correlate in the postbooster samples
(r<0.06, p>0.5 for both). There was, however, a
significant correlation between the IgE responses to the
two toxoids in the postbooster samples (r= 0.76,
p<0.001). Also, a strong correlation (+=0.7, p<0.001)
was found for the IgG/IgE ratios to the two toxoids in
the postbooster samples, indicating that the two
responses are regulated by the same mechanisms.

Local reactions with redness and/or swelling were
reported in 89/99 (90%). The 10 children without local
reactions tended to have less pronounced IgE responses
than the remaining children to tetanus toxoid (p = 0.147)
and to diphtheria toxoid (p=0.053). Also, the 13
children with the lowest IgG/IgE ratio (<10) had
significantly more swelling (p =0.028) but not redness
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(p=0.567) than the other children. There were weak,
although significant, correlations between IgE in
postbooster samples to diphtheria toxoid and immediate
pain at the injection site (r=0.235, p=0.016) and
between IgE in postbooster samples to tetanus toxoid
and duration of swelling/redness (r=0.243, p=0.015).
No other significant correlations between individual
local reactions, i.e. itching, redness, swelling and
maximal size of the reactions, and IgE responses, were
found.

Of the 51 children who had received aluminium-
adsorbed DT, 48 (94%) had IgE to both antigens in
their postbooster samples, while of the 53 children who
had received the fluid, non-adsorbed preparation, 47
(91%) were IgE positives. The postbooster IgE levels to
tetanus toxoid were significantly higher in the adsorbed
vaccine group than in the fluid vaccine group, with a
median (range) of 0.59 (<0.1-17.5) and of 0.27
(<0.1-8.22), respectively (p =0.027) (Table 2). No such
difference was noted for IgE to diphtheria toxoid (Table
2).

The correlation between local pain and IgE to
diphtheria toxoid was evenly distributed between the
two vaccine groups (r=0.24, p=0.089 and r=0.256,
p=0.064 in the adsorbed and non-adsorbed vaccine
groups, respectively) while the significant correlation
between IgE to tetanus toxoid and duration of redness/
swelling was found in the adsorbed vaccine group only,
r=042, p=0.0029. No new correlations were noted
between side-effects and IgE responses.

DISCUSSION

High rates of IgE responses to both diphtheria and
tetanus toxoids after routine booster DT vaccination
were observed in 10-year-old school children receiving
either adsorbed or non-adsorbed vaccine. There also
appeared to be a relation between local reactions
induced by the two vaccines and the IgE responses to
the two antigens in both fluid and adsorbed forms
(Table 3).

Two previous studies® * reported very low or no IgE
responses to tetanus toxoids in those who were given a
fluid vaccine. We also observed a significantly lower IgE
response to tetanus toxoid in children who had received
the fluild DT as compared to those receiving the
adsorbed preparation. The higher responder rates in our

Table 3 Summary of studies on local side-effects and IgE to the toxoids after diphtheria (D), tetanus (T) and pertussis (P) vaccinations in

Sweden

Booster vaccination(s)

Primary series

IgE responses to

Vaccine (No. of doses) Vaccine (order of doses) Local side-effects D T P References
Non-adsorbed DTP Adsorbed Td (4th) Low n.t. n.t. 13

-whole cell (3) Adsorbed DT (5th) Low n.t. n.t. — 13

-whole cell (3) Adsorbed DT (4th) Low n.t. n.t. 1,13

Non-adsorbed monovalent

whole cell P (2 or 3) Adsorbed acellular P (4th) Low — — Low 2,3

Adsorbed DT (3) Adsorbed DT (4th) High High High —_ 1, 8, present study
Adsorbed DT (3) Non-adsorbed DT (4th) High High High — 8 and present study
Adsorbed monovalent

acellular P (2 or 3) Adsorbed acellular P (4th or 5th) High — — High 2,3

n.t. not tested
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study could be due to methodological differences. We
used @ modified Phadebas RAST assay with a detcction
limit of <0.1 PRU ml"', while the studies of Matuhasi
et al.® used an undefined in-house ELISA, and of Cogné
et al’ a conventional RAST.

With regard to immunoglobulin E responses to
diphtheria toxoid, such a response has previous been
recorded with Td vaccine® but not systematically
studied. In contrast to the IgE responses to tetanus
toxoid, we found no differences in IgE response to
diphtheria toxoid with the fluid and the adsorbed DT
vaccines. The IgE response rates to diphtheria and
tetanus toxoids were similar but median IgE titres to
diphtheria were significantly higher. However, when
titres are viewed in relation to the antigen content of the
vaccine, the 4-times higher median IgE titres would be
in accordance with the 4.5-times higher diphtheria than
tetanus content of the vaccines.

The high rate of IgE responses in the present study
and of local side-effects noted previously® seem to be
due to two major changes in the national vaccination
programme in Sweden (7uble 1). The first change was
the replacement of the non-adsorbed DTP by an
adsorbed DT for primary vaccination of children in
1980'. Since most countries use adsorbed vaccines—
mainly as DTP——for primary series, high rates of local
reactions to the fourth and fifth doses of vaccine should
thus be common also elsewhere. A review of the
literature reveals remarkably few studies and those that
have been made report similar rates of local side-effects
as noted by us. The main difference seems to be that
when DTP vaccine is used, most of the local side-effects
are ascribed to the whole-cell pertussis vaccine
component of the vaccine''.

The other change in the Swedish programme was
replacing Td by DT as the fourth vaccine dose given at
age 10 to school children, thereby increasing the
diphtheria content of the vaccine from 0.5 to 7.5 Lf per
human dose (Table I). Increasing the diphtheria dose
was motivated by outbreaks of diphtheria in Sweden in
the mid 1980s and by studies showing insufficient
immunity in the population, including children'>'*. A
higher dose of diphtheria toxoid is probably another
cause of increased local reactions, as shown in a recent
Canadian study'. It may be that for the cohorts
primary immunised with adsorbed DT instead of fluid
DTP, lower antigen doses are sufficient and would lead
to less local side-effects'. On the other hand. the need
for high protective immunity against diphtheria remains
and even increases. The current severe diphtheria
situation in the former USSR, with imported cases to
several  neighbouring countries, had led to
recommendations of further booster vaccinations to
exposed groups in the population.

To our knowledge. the present study represents the
first large investigation on IgE responses to diphtheria
and tetanus toxoids given as a fourth dose in a routine
vaccination programme. Although schedules, doses,
vaccine compositions and manufacturing procedures
vary, there is no reason to believe that our results should
not be representative for IgE responses to fourth and
fifth doses of vaccine given in other countries. The
mechanisms by which local reactions arise and the role
of the IgE responses remain to be elucidated. It is
possible, or even likely, that complex immunological
reactions are involved and that the IgE response
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represents only one, readily measurable parameter. The
high rate of response was, in any event, unexpected to us
and raises some questions on the importance of IgE in
immunisation and on the role of aluminium adjuvant.

Infections, particularly viral, of the respiratory tract
may induce IgE antibody responses, at least in atopic
individuals'> '’. Similar observations have been made
for some bacterial infections, especially Bordetella
pertussis™ '® as well as after vaccination, in particular in
individuals with atopic disposition'”. The role of IgE
antibodies against infectious agents in the pathogenesis
of allergic disease is unknown. The theoretical
possibility has, however, been raised that IgE responses
to specific antigens induce broader reactivity to several
antigens and may contribute to disease in predisposed
individuals'’.

Aluminium as adjuvant in vaccines is generally
regarded as necessary for optimal immune responses.
However, studies made 30-40 years ago™ ' have shown
that “alum adjuvant does not show a striking effect on
the primary response of man to tetanus”’. The
importance of aluminium seems mainly to be drawn
from experimental studies, a practice condemned
decades ago, “any conclusions derived from animal
assays... cannot be generalized to man”*°. Nevertheless,
when proposing to test a non-adsorbed DT for booster,
we had to perform a pilot study in a small group of
children to show that the wvaccine would be
immunogenic for humans as it was not for guinea pigs®.
Our results, showing higher IgG responses to both
diphtheria and tetanus toxoids with the fluid vaccine
than with the adsorbed preparation in children®,
underline again the risk of transferring data obtained in
animal to humans without control of their relevance.
Also, the present and previous studies (7able 3) imply
that long-term perspectives have to be applied to these
issues since the side-effects and the IgE responses to the
booster seem to be determined by the presence or
absence of aluminium adjuvant in the vaccines of the
primary series, given perhaps as much as a decade
earlier.

Advances in vaccine research will hopefully lead to
prevention of more infections which leads to the
incorporation of new antigens—and new reactogens—
into future vaccination schedules. Although the benefits
of immunisation vastly outweigh known and potential
hazards, compliance of the population to vaccination
programmes is influenced by the rate of adverse effects.
It seems therefore necessary to question old beliefs on
the use of adjuvants, to search for alternative adjuvants
to aluminium and/or to investigate alternative routes for
vaccine administration®.
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