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Waning vaccine-induced immunity against Bordetella pertussis is observed among adolescents and adults. A
high incidence of pertussis has been reported in this population, which serves as a reservoir for B. pertussis. A
fifth dose of reduced antigen of diphtheria-tetanus-acellular-pertussis and inactivated polio vaccine was given
as a booster dose to healthy teenagers. The antibody activity against B. pertussis antigens was measured prior
to and 4 to 8 weeks after the booster by different assays: enzyme-linked immunosorbent assays (ELISAs) of IgG
and IgA against pertussis toxin (PT) and filamentous hemagglutinin (FHA), IgG against pertactin (PRN),
opsonophagocytic activity (OPA), and IgG binding to live B. pertussis. There was a significant increase in the
IgG activity against PT, FHA, and PRN following the booster immunization (P < 0.001). The prebooster sera
showed a geometric mean OPA titer of 65.1 and IgG binding to live bacteria at a geometric mean concentration
of 164.9 arbitrary units (AU)/ml. Following the fifth dose, the OPA increased to a titer of 360.4, and the IgG
concentration against live bacteria increased to 833.4 AU/ml (P < 0.001 for both). The correlation analyses
between the different assays suggest that antibodies against FHA and PRN contribute the most to the OPA and
IgG binding.

Bordetella pertussis is the causative agent of pertussis, or
whooping cough. The vaccination of infants and children has
proven to be an efficient strategy to reduce whooping cough in
the general population (27). However, in spite of high vacci-
nation coverage, B. pertussis still circulates, and the adult pop-
ulation with waning immunity against this organism is thought
to be the main reservoir (5, 35). Many countries with highly
immunized populations experience a resurgence of pertussis,
particularly among adolescents and adults (4, 17). This has
been true in particular for Norway, which has had the highest
recorded incidence of pertussis for all European countries
the past few years (http://www.euvac.net/graphics/euvac/pdf
/pertussis_2009.pdf). The reported incidence is probably un-
derestimated, and serological surveys indicate a much higher
incidence rate (9). The vaccine-induced immunity is reported
to last for 4 to 12 years, almost similar to infection-acquired
immunity, which can last for 4 to 20 years (16, 32, 42). As an
attempt to prolong the immunity against pertussis, in 2006
Norway introduced a fourth diphtheria-tetanus-acellular-per-
tussis and inactivated polio vaccine (DTaP-IPV) dose to chil-
dren at the age of 7. However, to improve disease control and
limit the risk of transmitting B. pertussis to susceptible infants,
the immunization strategies may be further reinforced. There
is an ongoing debate whether other age groups also should be
vaccinated, e.g., adolescents and new parents (12).

High levels of antibodies against B. pertussis indicate previ-

ous infection or recent vaccination and are associated with
protection against pertussis. However, the antibody specificity
and antibody effector mechanisms for protection remain to be
established. Phagocytosis may be an important mechanism to
clear the bacteria, and we have shown previously that there is
a high correlation between opsonophagocytic activity (OPA)
and IgG antibodies against FHA and PT in sera from military
recruits (1). Conflicting results have been found regarding the
OPA and immunity to pertussis, and only a few studies have
investigated the OPA in sera after immunization with acellular
pertussis vaccine (19, 36, 40). In this study, we analyzed the
immune response against B. pertussis in teenagers aged 15 to 16
years before and after a fifth dose of DTaP-IPV vaccine was
given. They had followed the three-dose immunization regi-
men during their first year of life and received a fourth dose at
the age of 7. The immune response was analyzed using en-
zyme-linked immunosorbent assays (ELISAs) against selected
pertussis antigens, by OPA, and by IgG binding to live B.
pertussis. The vaccine response to diphtheria, tetanus, and po-
lio virus and safety data are to be published separately.

MATERIALS AND METHODS

Study population. Eighty teenagers aged 15 to 16 years were given a fifth dose
of DTaP-IPV (Boostrix Polio; GlaxoSmithKline) (containing 8 �g PT, 8 �g
FHA, and 2.5 �g pertactin [PRN] per dose). They had followed the regular
three-dose immunization regimen within their first year of life (DTwP-IPV), and
they also received a fourth dose (Infanrix-Polio; GlaxoSmithKline) when they
were 7 years old, participating in a vaccine study as described earlier (34). Sera
from 80 pupils were collected at the time when the fifth dose was administered,
and 75 participants (94%) completed the study and gave a blood sample 4 to 8
weeks later. The present study was conducted in compliance with the principles
of the Declaration of Helsinki and the Norwegian Regional Committee for
Medical Research Ethics, and the Norwegian Medicines Agency approved the
study. Written informed consent was obtained from all participants and parents.
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Bacterial strain. A nasopharyngeal clinical isolate of B. pertussis (NIPH ref-
erence number 105/06) from a 30-year-old woman with clinical pertussis was
used as the target in the opsonophagocytic assay and in the IgG binding assay. It
was typed as serotype 1,3 using in-house typing sera that have been evaluated
against international typing reagents. This serotype is representative of the on-
going epidemic strains prevailing the last 10 years. The bacteria were grown on
charcoal agar plates for 2 days prior to use.

ELISA measurements against vaccine antigens. The specific immune response
against selected vaccine antigens were analyzed by two different commercial
enzyme-linked immunosorbent assays (ELISAs): PT-IgG antibodies were ana-
lyzed using Bordetella pertussis toxin IgG by Serion ELISA classic (Institute
Virion�Serion GmbH, Würzburg, Germany) according to the manufacturer’s
instructions. The specification of this PT-IgG activity in FDA-U/ml refers to the
U.S. Reference Pertussis Antiserum (Human) Lot 3 (FDA), and the lower limit
of detection was 5 FDA-U/ml. Sera with activity less than this were assigned a
value of 2.5 FDA-U/ml for statistical analysis. In addition, IgG and IgA anti-
bodies against PT and FHA were analyzed using Pertusscan 2 � 2 (Euro-
Diagnostica AB, Malmö, Sweden), and the results were reported as a percentage
of the negative cutoff (i.e., an optical density of 0.3 equals 100%). These kits are
widely used in pertussis serology in Norway, and both were included in this study
for comparison. In these commercial assays, only one dilution of test sera is
analyzed, i.e., a 1:101 dilution in the Serion kit and a 1:500 dilution in the
Pertusscan kit. Antibodies against PRN were measured by an in-house ELISA
slightly modified from that of Mead et al. (28). Briefly, PRN (a gift from G.
Berbers, RIVM, the Netherlands) was coated in 1 �g/ml in carbonate buffer. The
sera were diluted in four 2-fold dilutions and were calculated against the WHO
reference serum 06/140, containing 65 IU/ml PRN-IgG, using four-parameter
curve analyses. An in-house reference serum included in each experiment re-
vealed the high reproducibility of the tests, with a coefficient of variation of
�10%. Pre- and postimmunization samples were always analyzed on the same
plate.

Opsonophagocytic activity. OPA was measured as respiratory burst, as previ-
ously described (1). Briefly, live B. pertussis cells were used as target cells, and
dihydrorhodamine 123 (Molecular Probes, Invitrogen)-primed polymorphonu-
clear neutrophils (PMNs) were used as effector cells. All sera were heated to
56°C to inactivate complement. As a complement source, we added external
human serum (10%) that had been passed through a protein G column at 4°C to
remove IgG antibodies. Two-fold dilutions of sera were tested. The percent
respiratory burst of the PMNs was examined by flow cytometry (CyFlowML;
Partec, GmbH, Münster, Germany), and the highest reciprocal serum dilution
giving �50% respiratory burst of the PMNs was recorded as the serum titer. Pre-
and postvaccine sera were always analyzed on the same plate. A late-convales-
cent-phase serum from a confirmed pertussis case collected 18 months after the
onset of disease was included on every plate and showed a reproducibility of �1
titer of the assay.

Quantification of IgG binding to live B. pertussis by flow cytometry. Specific
IgG antibodies binding to live B. pertussis were measured by a flow cytometry
method, as previously described (1). We used the same preparation of live
bacteria as that used in the OPA assay. The sera were diluted 2-fold, and pre- and
postvaccination sera were always included on the same plate. The samples were
analyzed with the Partec CyFlowML flow cytometer, and the geometric mean
fluorescence intensity was used to calculate the actual serum antibody concen-
tration using GraphPad Prism software, version 1.02 (GraphPad Software Inc.,
San Diego, CA). The B. pertussis-specific serum IgG concentrations are reported
in arbitrary units (AU) against an in-house reference serum defined as 1,000
AU/ml.

IgG subclass quantification. IgG subclasses were quantified against whole-cell
B. pertussis ELISA. The bacteria were grown for 2 to 3 days, harvested, and
washed in phosphate-buffered saline (PBS) with 0.02% Na-azide.

ELISA microplates were coated with 100 �l B. pertussis (optical density at 650
nm, 0.02) overnight at 37°C or for 2 to 3 days at 4°C. Paired sera were tested at
1:20 and 1:80 dilutions on the same plate, and all four subclasses were measured
on the same day using the same coating batch. The following subclass-specific
mouse anti-human IgG were utilized: anti-IgG1 (HP6091), 1:8,000; anti-IgG2
(HP6002), 1:16,000; anti-IgG3 (HP6050), 1:16,000; anti-IgG4 (HP6011),
1:16,000; all were obtained from WHO. The mouse antibodies were detected by
a goat anti-mouse IgG–alkaline phosphatase (ALP) conjugate (Sigma-Aldrich)
and was developed by the substrate nitrophenyl phosphate (NPP). The results
were read in arbitrary optical density units related to an in-house pertussis
reference serum.

Statistics. Statistical analyses were done using Sigma Plot 3.1 (Systat Software,
Chicago, IL). Geometric mean concentrations (GMCs) and GM titers (GMTs)
with corresponding 95% confidence intervals were calculated on sera collected

prior to and 4 to 8 weeks after the fifth dose. Mann-Whitney rank-sum tests were
run to test for differences between groups, and P � 0.05 was considered signif-
icant. Linear regression analyses on log-transformed data were performed to
look for relationships between the assays, and Pearson’s correlation coefficients
were calculated.

RESULTS

Antibody levels against PT, FHA, and PRN. With the Serion
IgG-PT ELISA, the IgG GMC against PT was 5.7 FDA-U/ml
(range, 2.5 to 166 FDA-U/ml) prior to the fifth dose (Fig. 1).
Four to 8 weeks after the booster, the IgG-PT GMC response
increased to 43.7 FDA-U/ml (range, 6 to 316 FDA-U/ml; P �
0.001). However, 26 of 75 (35%) participants who gave the
second serum samples did not gain more than 30 FDA-U/ml
against PT, whereas 20 (27%) reached values of �80 FDA-U/
ml. More than half (53%) of the participants demonstrated �5
FDA-U/ml of IgG antibodies in their prebooster samples. Af-
ter immunization, this group obtained an IgG-PT GMC of 31.0
FDA-U/ml.

Using the Pertusscan assay, we observed significant re-
sponses of IgG against both PT and FHA and of IgA against
FHA from before and after the fifth dose (P � 0.001) (Fig. 2).
Only two persons had an IgA response against PT. Before the
booster dose, 80% were positive for IgG against FHA (i.e.,
above the cutoff), whereas 33% were positive for IgG antibod-
ies against PT.

Against PRN, the GMC was 51.8 IU/ml (range, 3.9 to 318.0
IU/ml) in the prebooster sera; this increased to a GMC of

FIG. 1. Serum IgG response against pertussis toxin (PT) at the
time of the fifth dose of DTaP and 4 to 8 weeks later as measured by
the Serion ELISA classic. The boxes span the 25th to 75th percentiles,
the whiskers indicate the 10th and 90th percentiles, and the bullets
represent the individual outliers. n � 80 and 75 in pre- and postvac-
cination groups, respectively. The scatter plot shows the PT-IgG dis-
tribution of the 75 paired pre- and postvaccination sera. The diagonal
represents line of identity. Results are from one experiment.
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484.6 IU/ml (range, 31.8 to 1,837.0 IU/ml) 4 to 8 weeks post-
booster (P � 0.001) (Fig. 3).

Opsonophagocytosis. The OPA results demonstrated that
antibodies raised against acellular pertussis vaccine containing
PT, FHA, and PRN clearly promote OPA in neutrophils. Be-
fore the booster dose, the OPA GMT was 65.1 (range, 8 to
1,024), and 4 to 8 weeks after the booster dose it had increased
to a GMT of 360.4 (range, 64 to 2,048) (P � 0.001) (Fig. 4). We
observed the highest increases in OPA titers among those who

had the lowest prebooster OPA titers. The subjects with pre-
booster titers of �64 (n � 51) achieved a 7.7-fold increase in
OPA titer after immunization, and the subjects with pre-
booster OPA titers of �64 (n � 24) obtained a 3.4-fold in-
crease in titers. Three participants revealed no increase in
OPA titer; however, they all had elevated titers in their pre-
booster samples (titers of 256, 512, and 1,024). No participants
showed any decline in OPA after the fifth dose.

IgG binding to live B. pertussis. The IgG GMC measured
against live B. pertussis was 164.9 AU/ml (range, 15 to 3,166
AU/ml) before the booster, increasing to 833.4 AU/ml (range,
53 to 3,652 AU/ml) after the booster (P � 0.001) (Fig. 5). As
for the OPA, the IgG responses were most pronounced in
individuals with lower levels in the prebooster sera.

One participant did not respond to the booster dose in any
of the pertussis tests used and displayed only negative to bor-
derline activities in all assays.

Three participants had Serion PT-IgG levels of �80 FDA-
U/ml in their prebooster serum samples, which according to
the kit instruction manual indicates acute or recent infection by
B. pertussis (8, 14) (Table 1). They also revealed elevated
PT-IgG with the Pertusscan ELISA. One serum (no. 83) had
increased FHA-IgG and PRN-IgG levels before the booster.
This serum showed a raised OPA (titer, 512) and also IgG
binding (3,166 AU/ml) to live bacteria, whereas the two former
sera (no. 3 and 5) demonstrated rather low OPA and IgG
binding activities against live B. pertussis. Interestingly, after
the booster immunization the FHA-IgG levels, and in partic-
ular the PRN-IgG levels, OPA, and IgG binding activity, of
these two participants had increased severalfold, whereas the
IgG-PT level remained unchanged (Table 1).

FIG. 2. Box plot showing the serum IgG and IgA responses against
PT and FHA as measured by the Pertusscan ELISA of the sera before
and after the administration of the fifth dose; n � 80 and 75 in pre- and
postvaccination groups, respectively. The scatter plot in the inset shows
the FHA-IgG distribution of the 75 paired pre- and postvaccination
sera. Results are from one experiment.

FIG. 3. Box plot showing the serum PRN-IgG measured by the
in-house ELISA of the sera before and after the administration of the
fifth dose. A single measurement using serial 2-fold dilutions of serum
was examined; n � 80 and 75 in pre- and postvaccination groups,
respectively. The scatter plot shows the PRN-IgG distribution of the 75
paired pre- and postvaccination sera.

FIG. 4. Box plot showing the opsonophagocytic activity (OPA) of
sera before and after the fifth dose. OPA is measured as the titer of
respiratory burst as described in Materials and Methods. A single
measurement using serial 2-fold dilutions of serum was examined; n �
80 and 75 in pre- and postvaccination groups, respectively. The bubble
plot shows the OPA distribution of the 75 paired pre- and postvacci-
nation sera. The bubble size correlates to the number of paired sera
with identical titers before and after vaccination.
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IgG subclasses. The IgG subclass response was measured
against whole bacteria by ELISA. The IgG response was dom-
inated by the IgG1 subclass, which increased from a GMC of
0.23 AU/ml before the booster to 0.59 AU/ml after the booster
(P � 0.001). About 30% of the subjects demonstrated an IgG4
response following the booster (GMC from 0.15 to 0.21 AU/
ml; P � 0.001). Most of the sera had detectable IgG2 antibod-
ies in the prebooster samples, but there was no significant
change of this subclass after the fifth dose. The IgG3 subclass
level was low compared to those of the other subclasses (GMC
of 0.11 to 0.12 from before and after the fifth dose).

Correlation between assays. We demonstrated significant
correlation between the various assays applied in this study
(P � 0.001 for all), except for the PT-IgA, which did not
change following the booster immunization and thus revealed
low/no correlation with the other assays (Table 2). Although
the Pertusscan ELISA is a semiquantitative assay (particularly
at the higher antibody levels), we still got very good correla-
tions between PT-IgG levels measured by the Pertusscan and
the Serion kits (r2 � 0.92). For correlations to OPA, PRN

showed the highest correlation (r2 � 0.81) followed by IgG
binding to live B. pertussis (r2 � 0.79), FHA-IgG (r2 � 0.69),
and PT-IgG (r2 � 0.61). The OPA revealed higher correlation
to the IgG than to the IgA antibodies measured, indicating that
specific IgG antibodies are the main inducers of OPA in these
sera.

DISCUSSION

In this study, we have analyzed the antibody levels against B.
pertussis before and after a fifth dose of pertussis vaccine was
given to healthy teenagers aged 15 to 16 years. The vaccine was
well tolerated with no serious adverse events. They had been
vaccinated against pertussis with three doses during their first
year of life and with a fourth dose when they were 7 years old.
The prebooster results demonstrated that the immunity
against B. pertussis was low 9 years after the fourth dose. This
is in accordance with other studies confirming waning vaccine-
induced immunity over time, reaching undetectable ELISA
antibody levels in a large proportion of the population (10, 16,
42). Three of the participants demonstrated high levels of
PT-IgG in their prebooster sera, possibly caused by recent
infection. This indicates immunity below the level of protection
of this cohort and argues for a booster dose at this age.

Prior to the fifth dose, more subjects had detectable anti-
bodies to PRN and FHA than to PT, as has been shown
previously (10, 13, 24). This may reflect immune stimulation by
other Bordetella species or other bacteria known to have cross-
reactive epitopes to PRN or FHA (3, 20, 37), but also that
PRN and FHA are stronger antigens and give rise to longer-
lasting antibodies (18, 24, 26).

A significant increase in the antibody response to all vaccine
antigens was observed following the fifth dose. This is in ac-
cordance with previous studies using a reduced-antigen-con-
tent vaccine, even though the vaccine schedules and age groups
were somewhat different (38, 39, 43). There was no significant
IgA response to PT; however, two participants had a PT-IgA
response (more than 2-fold increase) (30). The immunization
of adolescents and adults seems to induce more PT-IgA than
that in younger individuals, possibly as a result of a previous
encounter with live B. pertussis (22, 24).

Although low antibody levels were detected against PT,
FHA, and PRN in the prebooster sera, they still demonstrated
OPA and IgG binding activities (Fig. 3 and 4), which may be
relevant for protection. These antibodies probably bind to
other surface-exposed epitopes and are induced from a previ-
ous encounter with B. pertussis or other cross-reactive antigens.

This is one of a few studies that document increased vaccine-

FIG. 5. Box plot showing IgG binding against live B. pertussis in
sera before and after the fifth dose. The activities were quantified in
arbitrary units using an in-house reference serum. A single measure-
ment using serial 2-fold dilutions of serum was examined; n � 80 and
75 in pre- and postvaccination groups, respectively. The scatter plot
shows the distribution of IgG binding of the 75 paired pre- and post-
vaccination sera.

TABLE 1. Serological results from three participants with suspected recent pertussis prior to the booster immunization

Subject no.

Assay result before and after immunization

Serion PT-IgG
(FDA-U/ml)

PRN-IgG
(IU/ml)

Pertusscan FHA-IgG
(% cutoff)

OPA
(titer)

IgG binding
(AU/ml)

Before After Before After Before After Before After Before After

3 81 131 70.2 1,496.5 165 462 64 2,048 231 3,237
5 166 168 54.2 237.4 162 282 64 256 133 465
83 103 113 318.0 450.3 552 581 512 512 3,166 3,141
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induced OPA against pertussis in human sera after revaccina-
tion with an acellular pertussis vaccine (19, 36, 40). In an
earlier study, we found increased OPA in sera from military
recruits who also had corresponding high levels of antibodies
against pertussis (1). Those antibodies likely were reminiscent
of previous infections rather than induced by vaccination, and
the specificities of these antibodies probably were directed
against a whole range of B. pertussis epitopes. In the present
study, the increased OPA activity observed following the fifth
vaccine dose must have been induced by antibodies directed
against the pertussis antigens in the vaccine, i.e., PT, FHA, and
PRN. It has been demonstrated previously that neutralizing
antibodies against adenylate cyclase toxin facilitate phagocyto-
sis (41); however, this antigen is not in the vaccine.

The B. pertussis strain (105/06) used is from a clinical isolate
assumed to be representative of the ongoing Norwegian epi-
demic. In addition, a subset of sera (14%) was analyzed for
OPA against two other clinical B. pertussis strains, one from
2003 (strain 1809/03) and one from 2011 (strain 12130), both of
serotype 1,3. The OPA responses obtained with these two
strains were almost identical to the responses observed with
the 105/06 strain.

The correlation analysis suggests that antibodies against
PRN and FHA are most important for the OPA after immu-
nization with PT-, FHA-, and PRN-containing pertussis vac-
cine. As the FHA-IgG response is measured using a semiquan-
titative assay (Pertusscan), the correlation coefficients
calculated are likely to be underestimated. We generally ob-
served slightly better correlations between the assays in this
study than in a previous study among healthy, nonvaccinated
military recruits (1). This is most likely explained by the higher
dispersion of antibody activities between pre- and postvacci-
nation sera than in sera from normal adults. The importance of
PRN in OPA also has been demonstrated by Hellwig et al.
using purified PRN and fimbriae to deplete specific antibodies
(19).

Three participants had high IgG anti-PT responses prior to
the booster (indicating previous infection), and two of these
had low FHA-IgG and low PRN-IgG responses. These two
also had lower OPA and IgG binding to live bacteria. However,
after the fifth dose they demonstrated an increased FHA-IgG
response and a particularly strong IgG-PRN response, and
interestingly a corresponding increase in OPA and IgG binding
(Table 1). This may indicate that PT-IgG is not particularly
important for the OPA, in contrast to PRN-IgG and FHA-IgG,
and it suggests that most of the PT epitopes are more or
less concealed for antibody binding when the molecule is as-

sociated with the bacterial outer membrane, as illustrated by
Burns (6).

Live B. pertussis is used as the target in both the OPA and
IgG binding assays. By using live bacteria, we exclude antibody
activities against other immunogenic determinants that are not
expressed on live bacteria and therefore possibly of less im-
portance for eliminating the pathogen. Antibodies binding to
antigens on live B. pertussis, e.g., adhesion molecules like PRN
and FHA, may have a protective function by reducing the
interaction between bacteria and respiratory epithelium. Mu-
cosal secretion contains significant amounts of IgG transudate
from blood plasma; these antibodies may contribute to reduc-
ing colonization similarly to what is observed after Haemophi-
lus influenzae type B vaccination (11). In addition, both FHA
and, in particular, PT exist as secreted molecules, and antibod-
ies directed against many epitopes on these antigens may aid in
neutralizing the biological activities of these molecules (7, 27).

It still is uncertain which antigens are most important in
these functional assays. Absorption experiments with different
purified antigens may shed light on this issue. By using sera
from both vaccinees and convalescents, we will examine the
importance of different antibody specificities regarding OPA
and IgG binding.

The OPA protocol used in this study measures respiratory
bursts of the PMNs and is not a bacterial killing assay. How-
ever, results from previous studies using similar OPA protocols
and PMNs as effector cells indicate that the internalized B.
pertussis bacteria are readily killed in this process (23, 25, 33).
In addition to OPA, the direct complement killing of the bac-
teria also may play a role. We have preliminary data showing
that prebooster serum with low antibody levels lacks bacteri-
cidal activity, whereas after the booster a severalfold increase
in bactericidal titer is obtained.

The IgG subclass response was determined using an ELISA
coated with whole-cell B. pertussis. The abundance of IgG1
also is reported by Giammanco et al. (15). This subclass is
highly efficient in promoting phagocytosis and in activating the
classical complement pathway (2, 29). The IgG2 subclass did
not respond significantly following the booster, and the binding
observed possibly reflects IgG2 produced against other cross-
reacting determinants, e.g., polysaccharide antigens. The low
IgG3 response also was demonstrated by Giammanco et al.
after acellular immunization of 1-year-old children. IgG3 often
is produced against protein determinants; however, it peaks
promptly after a booster and declines rapidly within 4 to 6
weeks, as shown for IgG3 against a meningococcal outer mem-
brane vesicle vaccine (31).

TABLE 2. Pearson’s correlations (r2) between different assays (n � 155)

Assay OPA IgG
binding

PT-IgG
(Serion)

FHA-IgG
(Pertusscan)

FHA-IgA
(Pertusscan)

PT-IgG
(Pertusscan)

PT-IgA
(Pertusscan)

IgG binding 0.79
PT-IgG (Serion) 0.61 0.55
FHA-IgG (Pertusscan) 0.69 0.67 0.64
FHA-IgA (Pertusscan) 0.44 0.36 0.44 0.41
PT-IgG (Pertusscan) 0.61 0.55 0.92 0.66 0.45
PT-IgA (Pertusscan) 0.01 0.00 0.01 0.00 0.14 0.03
PRN-IgG 0.81 0.76 0.58 0.66 0.31 0.59 0.00
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It has been demonstrated recently that pertussis toxin inhib-
its neutrophil recruitment in a mouse model (21). Neutralizing
antibodies against PT, combined with antibodies that confer
opsonophagocytic activity, might prove to be favorable for
protecting immunity against pertussis and also to minimize the
time of carriage.
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