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Abstract

Pertussis-speci®c antibody and cell-mediated immune (CMI) responses were studied in adults 8 years after booster

immunization with either a bicomponent (pertussis toxin and ®lamentous hemagglutinin) or a monocomponent (pertactin)
acellular vaccine and in age-matched healthy controls. The levels of vaccine-induced antibodies were also compared between the
serum samples collected before, 1 month, 4 years, and 8 years after immunization. Over the follow-up period, geometric mean
values (GMV) of antibodies to the vaccine antigens decreased in both groups of vaccinees. However, the 8-year

postimmunization GMV were 3±20 times higher than preimmunization GMV (all P values <0.01). Moreover, both antibody
and CMI responses to the vaccine antigens were signi®cantly higher in the vaccinees than in the controls (all P < 0.01 for
antibody; all P < 0.001 for CMI responses). The results show that antibody and CMI responses induced by acellular pertussis

vaccines can persist for up to 8 years after booster immunization of adults primed with whole-cell vaccine. 7 2000 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

Childhood immunization against pertussis has been
e�ective in controlling pertussis disease but has not
eliminated the circulation of the causative organism
Bordetella pertussis [1]. Increasing evidence suggests
that infections and disease caused by B. pertussis are a
signi®cant and growing problem among adults in
immunized populations [1±3], indicating the need for
booster immunizations in this age group. Modern acel-
lular pertussis vaccines, which are less reactogenic than

conventional whole-cell vaccines, could be used for

this purpose [4±6]. Little is known, however, about the

duration of the immune responses induced by acellular

vaccines in adults.

We have recently reported that a new acellular per-

tussis vaccine, designed for booster immunization in

older age groups, is highly immunogenic and well tol-

erated [6]. The three antigens included in the vaccine:

pertussis toxin (PT), ®lamentous hemagglutinin

(FHA), and pertactin (PRN) of B. pertussis were in-

itially tested in adult volunteers as part of phase I

trials in October 1990. Eight years later, we investi-

gated antibody and cell-mediated immune (CMI) re-

sponses to the vaccine antigens in a cohort of the

vaccinees.
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2. Materials and methods

2.1. Subjects, vaccines and samples

In the initial study, 40 student volunteers from
Turku University were randomly immunized with
either a single dose of a bicomponent (25 mg of PT
and 25 mg of FHA) or monocomponent (20 mg of
PRN) pertussis vaccine (SmithKline Beecham Biologi-
cals, Rixensart, Belgium). Blood samples were col-
lected before, 1 month and 4 years after immunization.
For the present study, all the vaccinees who still
resided in the urban area of Turku city at the time of
the study initiation were recruited. Eighteen vaccinees
including both sexes (32±38 years of age) were avail-
able: nine had received the bicomponent vaccine
(PT+FHA group) and 9 the monocomponent vaccine
(PRN group). In addition, blood samples were col-
lected from 9 age-matched healthy controls. All the
vaccinees and controls had received primary immuniz-
ations with whole-cell pertussis vaccine in childhood
and had no history of pertussis.

2.2. Serum antibody measurement

All serum samples included in the present study
were analysed in parallel at the laboratory of SmithK-
line Beecham Biologicals. Immunoglobulin (Ig) G anti-
bodies to PT, FHA and PRN were measured by a
standardized enzyme immunosorbent assay (EIA) as
described previously [4]. The results were expressed as
EIA units/ml. The cut-o� value of the assay was 5
EIA units/ml. Results lower than the assay cut-o�
were assigned an arbitrary value of one-half the assay
cut-o�.

2.3. Proliferation assay

Preparations of peripheral blood mononuclear cells
(PBMC) and culture conditions for the proliferation
assay were as described previously [6]. Brie¯y, all
blood samples were processed within 2 h, and triplicate
cultures (0.2 ml) of PBMC suspension (5 � 105 cells/
ml) were incubated with 1 mg/ml of heat inactivated
PT, 1 mg/ml of FHA or 2.5 mg/ml of PRN (SmithKline
Beecham Biologicals, Belgium). Phytohemagglutinin
(PHA) M and pokeweed mitogen (PWM) served as
positive controls, and cultures in absense of antigen
were negative controls. After a 5-day incubation at
378C in an atmosphere with 5% CO2, [3H]thymidine
(0.5 mCi/well) was added and, 16 h later, incorporated
radioactivity was measured by scintillation counting
(cpm). The mean cpm of stimulated culture was
divided by the mean cpm of non-stimulated culture to
obtain a stimulation index (SI).

2.4. Statistical analyses

Calculations of geometric mean values (GMV) of
antibodies and CMI responses were performed on
log10-transformed data, reporting the antilogarithm.
Comparisons within and between groups were per-
formed with the paired and unpaired Student's t-test,
respectively. The Spearman rank correlation coe�cient
was used for the analysis of correlations. A two-tailed
P value of <0.05 was considered statistically signi®-
cant.

3. Results

3.1. Follow-up of vaccine-induced antibodies

The GMV of IgG antibodies to PT, FHA and PRN
monitored in the two groups of vaccinees during the 8-

Fig. 1. Geometric mean values of antipertussis IgG antibodies in

group (A) immunized with PT+FHA (n = 9) and group (B) immu-

nized with PRN (n=9) during the 8-year follow-up period. PT, per-

tussis toxin; FHA, ®lamentous hemagglutinin; PRN, pertactin; bars

indicate 95% con®dence interval; aP < 0.001 and bP < 0.01 com-

pared with the corresponding preimmunization value.
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year follow-up period are shown in Fig. 1. The GMV
of antibodies to the given antigens (either PT+FHA
or PRN) rose sharply following immunization, but
gradually decreased over the following 8 years. How-
ever, the 8-year postimmunization GMV were still sig-
ni®cantly, approx. 3±20 times, higher than the
preimmunization GMV for the given antigens. By con-
trast GMV of antibodies to the antigens that were not
included in the vaccine (control values) did not show
any change over the 8-year follow-up period. Eight
years after immunization, GMV of antibodies to the
given antigens were signi®cantly higher in the vaccinees
than in the controls [Fig. 2(A)].

3.2. CMI responses to the vaccine antigens

CMI responses to PT, FHA and PRN measured in
the vaccinees 8 years after immunization and in the
controls are presented in Fig. 2(B). The PBMC of the

vaccinees showed signi®cantly higher proliferative re-
sponses to the given antigens than the cells of the con-
trols. On the other hand, proliferative responses to the
antigens that were not included in the vaccine showed
no di�erence to the control groups. Spontaneous pro-
liferation or proliferation induced by PHA or PWM
were of the same magnitude in all groups (data not
shown).

3.3. Relationship between antibodies and CMI responses

A positive correlation was found between the
humoral response and corresponding cellular response
for each pertussis antigen, as shown in Fig. 2. Spear-
man correlations coe�cients for IgG antibodies to
CMI responses were for: PT, g=0.6; FHA, g=0.6;
PRN, g=0.7, all P values <0.001.

4. Discussion

The present study, although based on a limited
sample size, represents the ®rst reported evaluation of
the long-term duration of humoral and cellular re-
sponses following booster immunization of adults with
acellular vaccines. The results indicate that antibody
and CMI responses induced by acellular pertussis vac-
cines persist for up to 8 years after booster immuniz-
ation of adults. These ®ndings are in line with the
results of previous studies on the persistence of
immune responses induced by acellular vaccines in
adults. Edwards et al. [5] showed that levels of antiper-
tussis antibodies in adult vaccinees had declined by
50% one year after booster immunization but
remained substantially higher than preimmunization
levels. A recent study in Italian adults showed that
acellular vaccines induced CMI and antibody re-
sponses that remained high during the 2 and 4-year
postimmunization follow-up periods, respectively [7].

The persistence of pertussis-speci®c immune re-
sponses may depend not only on the magnitude of
responses induced by the vaccine but also on the
possible natural boosting e�ect caused by infection
with B. pertussis. It was therefore of importance to
measure immune responses to antigens that were not
included in the vaccine and which could serve as in-
dicators of natural infection. In both groups of vacci-
nees, these responses showed no alteration and
remained at the same level as in the control group
throughout the follow-up period. Thus, immunization
is likely to be responsible for the sustained high-levels
of pertussis-speci®c responses rather than infection.

Although recent studies [8,9] have suggested that anti-
body responses may be important in protection against
pertussis, CMI may also be an essential host determi-
nant of immunity to B. pertussis [10±12]. It is known

Fig. 2. Pertussis-speci®c IgG antibody (A) and CMI responses (B) in

the two groups of vaccinees (n = 9 in each group) 8 years after im-

munization and in the controls (n = 9). Abbreviations are explained

in the legend to Fig. 1; bars indicate 95% con®dence interval; aP <

0.05 compared with the control group; bP < 0.001 compared with

the other two groups.
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that after primary immunization with acellular pertussis
vaccines the serum antibodies decline rapidly, whereas
measurable CMI stays longer [13,14]. A recent vaccine
e�cacy trial in Italy demonstrated that two acellular
vaccines (one containing the identical antigens tested
here) used for primary immunization were able to
provide a high degree of protection in the same period
when the GMV of antibodies to the vaccine antigens
were decreasing to the non-detectable values [15]. In the
present study, the CMI responses measured in adults
8 years after immunization were similar in magnitude to
those in adolescents and adults recently infected with
B. pertussis [11,12] or immunized with these same
vaccine antigens [6,11]. Thus, pertussis-speci®c CMI
(memory T-cells) may play a role in the development of
long-lasting immunity against B. pertussis.

Since acellular pertussis vaccines were recently intro-
duced, the duration of immunity remains a notable
issue. A recent study found that immunity after prim-
ing doses of an acellular vaccine waned more rapidly
than after the priming doses of a whole cell vaccine
[16]. With this regard, it is important to note that the
subjects of this study had been primed with a conven-
tional whole-cell vaccine. One might expect that boos-
ter immunization with acellular vaccines following
primary immunization with acellular vaccine would
not be as immunogenic. Since the degree and duration
of protection a�orded by acellular vaccines are unde-
termined particularly in adults, data on the duration
of immune responses are of importance. Theoretically,
these data could be used as an indicator of the need
for and the timing of booster doses. Because postim-
munization immunological correlates of protection
have not been established, it remains, however, to be
shown how well these persisting immune responses
correlate with clinical protection. Nevertherless, the
persistence of immune responses is a sign of immuno-
logical memory. Individuals with such memory can
develop more rapid and e�ective immune responses
when they re-encounter the pathogen.

In conclusion, the present study shows that a boos-
ter dose of acellular pertussis vaccines can induce long-
lasting responses in both arms of the immune system
when given in adults previously primed with whole-cell
vaccine. These ®ndings suggest that the use of acellular
pertussis vaccines in adults is feasible.
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