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Abstract

Several mechanisms have been suggested as mediating the inhibitory influence of maternal antibodies (MatAb) on infant responses.
This inhibition is B cell determinant-specific, depends on the ratio between MatAb titers at the time of immunization and the dose of
vaccine antigen, and leaves infant T cell responses largely unaffected. Neutralization of vaccine replication or Fc�RIIB-mediated inhibitory
signalling to infant B cells would not account for these characteristics. In contrast, determinant-specific masking of B cell epitopes and APC
uptake of MatAb:vaccine antigen immune complexes, followed by antigen processing and presentation, explain the pattern of pre-clinical
and clinical responses to infant vaccines. This allows the definition of the main determinants of the influence of MatAb on infant immunity.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The review of clinical studies assessing the influence ex-
erted by antibodies of maternal origin on infant vaccine re-
sponses results in a large series of apparently contradict-
ing observations. Significant inhibitory effects on infant an-
tibody responses, reflected by lower seroconversion rates
and/or geometric mean antibody titers in infants immunized
in the presence of higher compared to lower levels of ma-
ternal antibodies (MatAb), were described 25 years ago
for measles vaccine[1] and also reported following infant
immunization with other live vaccines including oral po-
lio, varicella-zoster, influenza and recently oral human ro-
tavirus vaccines[2–4]. In contrast to initial hypotheses, the
inhibitory influence of MatAb on infant antibody responses
is not restricted to live vaccines. Inhibitory effects were re-
ported following immunization with tetanus and diphtheria
toxoids[5–8], pertussis vaccine[9,10], HIB conjugate vac-
cines[11,12], hepatitis A vaccine[13–15], i.e. with every in-
fant vaccine administered in the presence of significant titers
of MatAb. Remarkably, the suppressive influence of MatAb
on infant responses varied significantly from one vaccine to
another, and even from one study to another, with other re-
ports assessing infant responses to the very same vaccines
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in other clinical settings reporting lack of interference of
MatAb on infant responses.

These contradictory reports currently preclude any defini-
tion on whether a novel infant vaccine may—or may not—
prove capable of escaping from the inhibitory influence of
MatAb. They also prevent anticipation of the influence of
the implementation of adolescent/adult immunization pro-
grammes likely to result in higher Ab titers at the time
of pregnancy, and thus in higher MatAb titers at the time
of infant immunization, such as adolescent hepatitis B im-
munization or adolescent/adult acellular pertussis boosting.
This would require being able to define whether MatAb may
affect infant antibody responses to all types of vaccine anti-
gens and/or all types of delivery systems, and to identify
above which titers MatAb mediated inhibition may occur
and thus persist and which is the role of the immunization
schedule. Recent reports showing that MatAb inhibit infant
antibody responses without inhibition of infant T cell re-
sponses[16–18] and/or of infant priming[15] have gener-
ated additional questions. It is currently difficult to predict,
based on these few reports, whether the lack of inhibition
of CD4+ T cell responses by MatAb will prove a general
rule, whether the Th1/Th2 balance of infant responses could
be modulated by MatAb or whether infant CD8+ cytotoxic
responses might be preserved as well as CD4+ responses.
Finally, researchers currently assessing novel immunization
routes have few elements to define whether such injection
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routes (i.e. nasal, oral, transcutaneous, etc.) will prove more
or less susceptible to inhibition by MatAb.

To better address these questions, this review follows a
“reverse” approach, examining the immune mechanisms
by which MatAb might influence the induction of in-
fant immune responses and probing existing clinical and
pre-clinical observations to either confirm or deny their
suspected role. The identification of the main mechanisms
at the basis of MatAb-mediated inhibition of infant re-
sponses should indeed allow definition of their essential
determinants, and thus of the expected influence of MatAb
on infant immunization programmes.

2. Mechanisms hypothesized as mediating the influence
of maternal antibodies on infant vaccine responses

2.1. Neutralization of live viral vaccines

The strong and prolonged inhibitory influence of MatAb
on infant antibody responses to live viral vaccines resulted
in the widely believed hypothesis that MatAb neutralize the
viral vaccine inoculum rapidly after injection[1], prevent-
ing in vivo replication and thus the production of a antigenic
load sufficient to prime infant B and T cells. To date, there is
no reported data assessing whether viral vaccine replication
is affected, or not, when infant immunization is performed
in the presence or absence of MatAb. However, recent stud-
ies showing induction of normal CD4+ T cell responses to
measles vaccine despite MatAb-mediated inhibition of in-
fant antibody responses[16–18] indirectly demonstrate that
the neutralization of in vivo viral replication may not be
responsible for the inhibition of infant antibody responses
to measles: the initial measles vaccine load is so low that
viral replication is indeed considered essential for enough
viral antigen to enable the priming of normal infant measles
T cell responses.

Although neutralization of live vaccines and inhibition
of in vivo viral replication is therefore not the mechanism
that mediates the inhibition of MatAb on infant responses
to measles vaccine, and obviously not the one responsible
for inhibition of Ab responses to non-live vaccines, it could
occur under certain conditions. As an example, pre-clinical
murine studies have shown that MatAb could inhibit viral
replication of live attenuated RSV in the lower respiratory
tract [19], possibly reflecting the weaker relative replicat-
ing capacity of human RSV in mice. Taking this possibility
into account, it is suggested here that the neutralization of
live viral vaccines by MatAb depends upon the relative ra-
tio of MatAb titers at the time of immunization and of viral
vaccine load/replicating capacity (Fig. 1). Under conditions
of MatAb excess and/or low viral load/replicating capacity,
inhibition of viral replication, and thus possibly of both B
and T cell infant responses, could occur. In contrast, under
conditions of lower MatAb concentration or of viral load in-
crease above certain thresholds (as observed with high titer

Fig. 1. Expected influence of maternal antibodies on infant responses to
live viral vaccines.

measles vaccines), viral replication, and B and T cell re-
sponses remain unaffected. At intermediate conditions, viral
replication apparently remains largely unaffected, such that
the influence exerted by MatAb is essentially similar for live
and non-live vaccines, predominantly affecting antibody re-
sponses.

2.2. Inhibition of infant B cell activation by Fcγ-
receptor mediated signals

An hypothesis frequently put forward is that MatAb:
vaccine antigen immune complexes inhibit B cell activation
by inducing a colligation at the B cell level of the B cell
receptor (BCR) and of Fc�RIIB, a negative regulator me-
diating inhibitory signals[20]. Several recent observations
however indicate that this mechanism may not explain the
inhibition of vaccine antibody responses by MatAb: (1)
IgG-mediated inhibition of Ab responses occurs equally
well (99% suppression) in Fc�RIIB-deficient and wild-type
mice[21]; (2) increasing the dose of vaccine antigen is suf-
ficient to circumvent MatAb-mediated inhibition of infant
Ab responses (see below), whereas it would be expected
to also increase Fc�RIIB-mediated inhibitory signals; (3)
the inhibition of antibody responses is determinant-specific
[22], which is not compatible with an Fc-mediated signal.
Thus, although Fc�RIIB-mediated inhibitory signals to B
cells do provide feedback suppression mechanisms which
set the upper level of Ab responses, the inhibition pattern
of infant responses elicited in the presence of MatAb is not
compatible with Fc�RIIB-mediated mechanisms.

2.3. Effective elimination of MatAb-coated Ag via
Fc-dependent phagocytosis

Many textbooks and reviews state for a fact that the inhi-
bition of infant antibody responses by passive antibodies is
mediated by Fc-dependent phagocytosis and elimination of
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immune complexes. However, studies recently performed
in a panel of knockout mice reported similar inhibition of
Ab responses in mice lacking Fc�R as in wild-type mice
[23], demonstrating the existence of Fc�R-independent
inhibitory mechanisms. Whether the same is true fol-
lowing infant immunization with vaccine antigens can
obviously not be directly assessed. It is now understood
that MatAb:antigen complexes are readily internalized by
antigen-presenting-cells (APC), via Fc�R or other scavenger
receptors, as immune complexes are efficiently targeted to
APC. This uptake is followed by Ag processing and peptide
presentation at the APC surface, such that internalization of
MatAb:antigen complex uptake would indeed result in the
inhibition of infant B cell but not T cell responses observed
both in human and infant mice. Interestingly, under certain
conditions which remain to be defined, this mechanism
should even result in enhanced T cell responses in infants
immunized in the presence rather than in the absence of
MatAb. However, the APC uptake of MatAb:Ag immune
complexes may not account for the determinant-specificity
of MatAb influence on infant antibody responses, indicating
the contribution of another immune mechanism.

2.4. Epitope masking by MatAb, preventing antigen
binding by infant B cells

The demonstration of the existence of Fc�R-independent
mechanisms led to the hypothesis of epitope-specific mask-
ing, i.e. of “suppressive” MatAb simply hiding antigenic
epitopes from infant B cells. This hypothesis, demonstrated
in mice for responses to erythrocyte antigens[24], is in-
deed compatible with pre-clinical and clinical observations
of responses to infant vaccines including lack of inhibition
of T cell priming, correlation between the inhibitory influ-
ence of Ab and their titers at the time of immunization, the
capacity of circumventing the inhibition by increasing the
dose of vaccine antigen and the epitope-specificity of such
inhibition.

As an example of this epitope-specificity, MatAb elicited
to the HIV-1 V3 loop inhibited induction of Ab responses
to V3 but not to other epitopes of GP120[25]. Thus, the
epitope-specific masking of immunodominant Ag epitopes
prevents recognition/binding by corresponding infant B
cells without preventing binding by B cells specific for
non-immunodominant epitopes. This epitope specificity
may not be absolute, as steric hindrance could result in
non-epitope specific inhibition at high MatAb:antigen ra-
tios. This epitope-specificity of MatAb-mediated inhibition
has not yet been assessed/reported in infants. It should be
stressed, however, that antibody detection assays which
simultaneously detect antibodies to all determinants of a
given antigen (i.e. virtually all assays) would be unable to
identify fine changes in epitope specificities. This may in-
deed be worth considering, as if certain immunodominant
epitopes carry the functional Ab capacity (i.e. toxin binding
sites), their epitope-specific inhibition by MatAb may not

be functionally compensated for by the induction of infant
Ab to sub-immunodominant epitopes.

Evidence in favour of determinant-specific masking
by MatAb in human infants is however provided by the
evaluation of the influence of MatAb on responses to
HIB-conjugate vaccines. MatAb to carrier proteins (i.e.
MatAb to tetanus toxoid (TT)) do mediate a specific in-
hibitory influence on infant responses to TT, but do not
inhibit Ab responses to the HIB polysaccharide moiety
[26–28]. As the APC uptake of MatAb:Ag immune com-
plexes would inhibit responses to both HIB and TT determi-
nants, these observations do reflect the specific masking of
TT but not of HIB antigenic determinants to infant B cells.

Thus, specific masking of B cell determinants and APC
uptake of MatAb:Ag complexes emerge as the two essential
immune mechanisms mediating the influence of MatAb on
infant vaccine responses.

3. Essential determinants of the influence of maternal
antibodies on infant responses

If APC uptake of MatAb:Ag complexes and epitope-
specific masking of B cell determinants are responsible for
the shaping of infant responses elicited in the presence of
MatAb, one should expect (a) the lack of inhibition of infant
T cell responses to be observed with all infant vaccines and
to significantly impact on infant Ab responses, and (b) the
ratio of MatAb to vaccine Ag to be the essential determinant
of infant Ab responses.

3.1. Preservation of infant T cell responses elicited in
presence of maternal antibodies

Human T cell responses to infant vaccines elicited in the
presence of concentrations of MatAb which inhibit Ab re-
sponses have so far only been directly reported for measles
vaccine. However, indirect evidence indeed suggests that it
is a general phenomenon. First, use of infant vaccines in in-
fant mice demonstrated a lack of MatAb-mediated inhibition
of CD4+ and CD8+ T cell responses to all infant vaccines
tested[29–32]. Second, clinical studies demonstrated that
MatAb-mediated inhibition of primary antibody responses
did not prevent infant priming, i.e. induction of secondary
responses to booster immunization. Thus, the lack of in-
hibition of T cell priming by MatAb appears as a general
phenomenon allowing induction of infant T cell responses
to take place under the “umbrella” of MatAb. The poten-
tial contribution of such responses to disease attenuation in
case of early exposure depends upon the pathogen-specific
protective immunity.

3.2. Main determinant of infant Ab responses: the
MatAb:vaccine antigen ratio

The direct influence of the concentration of MatAb at
the time of immunization on infant Ab responses to live
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vaccines has long been recognized[1]. This is also true
for responses to non-live vaccines, as demonstrated recently
in an elegant study by Dagan and coworkers where Israeli
infants were immunized with hepatitis A vaccine at 2, 4 and
6 months and bled immediately before each vaccine dose
and at 7 months of age[15]. The first vaccine dose only
induced detectable infant responses in those immunized in
the absence of detectable MatAb. The second vaccine dose
induced detectable infant responses in those primed in the
presence of MatAb< 1999 mIU/ml, and the third dose in
those primed in the presence of MatAb< 3999 mIU/ml.
Remarkably, the induction of infant responses was observed
in each study group as soon as MatAb reached a threshold
of 300–400 mIU/ml, whether this was reached at the time of
administration of the first, the second or the third dose, or
only at administration of the 12-month boosting in infants
with MatAb > 4000 mIU/ml at the time of priming[15].
Thus, Ab responses mayonly be elicited when MatAb have
fallen below a specific threshold, and secondary responses
can be elicitedas soon asthis threshold is reached, as a
reflection of unaffected T cell priming. This infant response
threshold can presently only be defined experimentally and
requires infants to be stratified by MatAb titers at the time
of priming and randomised for bleeding after each vaccine
dose.

How is this essential infant response threshold defined?
Rather than simply reflecting a given concentration of
MatAb at the time of immunization, this threshold is de-
termined by the ratio of MatAb concentration to the dose
of vaccine antigen. This was clearly demonstrated in infant
mice, where TT elicited similar antibody responses in con-
trol pups immunized with 0.5, 2 or 6 Lf, (Fig. 2). Infant
pups from TT-immune mothers failed to raise antibody
response to 0.5 Lf of TT, as a result of the inhibitory influ-
ence of TT-specific MatAb. However, antibody responses
were only transiently inhibited in infant mice immunized
with 2 Lf of TT, whereas no inhibition was observed fol-
lowing immunization with 6 Lf (Fig. 2). Thus, increasing
the dose of vaccine antigen was sufficient to circumvent

Fig. 2. Influence of the dose of vaccine antigen on antibody responses
elicited to tetanus toxoid (TT) in 2-week-old BALB/c pups from control
(dashed line) or immune mothers. Mice were bled at the time of immu-
nization with 0.5, 2 or 6 Lf of alum-adsorbed TT and bled at regular
intervals for detection of TT-specific IgG by ELISA.

inhibition by MatAb, presumably by providing additional
antigenic epitopes which remained free of MatAb, and thus
accessible to infant B cells.

The same MatAb:vaccine antigen ratio also defines the
outcome of human infant immunization. As an example,
a two-fold increase of the dose of a hepatitis A vaccine
(from 720 to 1440 U) was sufficient to circumvent the
MatAb-mediated inhibition of infant responses[33]. Simi-
larly, high titered measles vaccines resulted in the expected
enhanced sero-conversion/sero-responses in infants immu-
nized in the presence of MatAb[34], although high doses
of live measles vaccine unfortunately resulted in an ex-
cess unspecific mortality[35]. This understanding that the
optimal infant dose may differ when immunization is per-
formed in either the absence or presence of MatAb should
be taken into consideration during clinical vaccine develop-
ment, as a cost-driven selection of the lowest vaccine dose
in seronegative infants may eventually prove insufficient in
the presence of higher titers of MatAb.

Identifying the MatAb:vaccine antigen ratio and the lack
of inhibition of T cell priming as the main determinants of
the influence of MatAb on infant antibody responses ex-
plains the contradictory clinical observations reported using
infant vaccines at various doses, with various immunization
schedules, in populations characterized by distinct levels of
MatAb. Conditions of MatAb excess or use of a low vac-
cine dose results in inhibition of antibody responses, which
are in contrast preserved when MatAb decline or when the
vaccine dose increases above certain thresholds (Fig. 3). At
conditions of equivalence, partial masking of B cell epitopes
occurs and may result in distinct outcomes in terms of infant
antibody titers and epitope-specificity, depending upon the
distribution of MatAb concentrations and the relative vac-
cine immunogenicity in a given population.

As an example, 60% of Nigerian infants were born with
TT-specific MatAb< 0.3 IU/ml, as compared to only 12%

Fig. 3. Expected influence of maternal antibodies on infant antibody
responses to subunit vaccines.
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Fig. 4. Anti-tetanus IgG elicited by immunization in the presence of
maternal antibodies. Infants were immunized at 6, 10 and 14 weeks with
alum-adsorbed TT and bled at repeat intervals for detection of TT-specific
IgG by ELISA.

of Finnish infants, whereas TT maternal immunization pro-
grammes resulted in 20% of Nigerian infants with MatAb
titers > 2.99 IU/ml, which was never observed in Finland
[26]. Comparison of the influence of MatAb on TT in-
fant responses in these two populations inevitably leads to
distinct and contradictory observations, but this does not
imply differences in the immune mechanisms mediating
the influence of MatAb in Nigerian and Finnish infants.
It is important to recognize that even modest changes in
MatAb titers at the time of immunization may significantly
impact on infant responses. When Nigerian infants were
immunized with DTP and HIB vaccines at 6, 10 and 14
weeks of age[36], even minute TT-specific MatAb con-
centrations (0.03–0.099 IU) at the time of priming exerted
an inhibitory influence on infant TT responses (Fig. 4).
Thus, the influence of MatAb on infant antibody responses
cannot be directly extrapolated from one population to
another and should be defined in the target population.
Furthermore, changes in the distribution of infant MatAb
as a result of the implementation of adolescent/adult im-
munization programmes, and their possible influence on
infant responses, should be anticipated. For example, the
induction of high hepatitis B titers by adolescent/young
adult immunization will definitely result into enhanced
MatAb titers in infants. Whether this will be associated
with enhanced MatAb inhibition of infant responses will
depend upon vaccine immunogenicity/vaccine antigen con-
tent and should be assessed. In contrast, it is unlikely
that adolescent acellular pertussis boosting will have an
impact on infant pertussis responses, as pertussis-specific
antibodies unfortunately return to baseline within a few
years following adult boosting. Similarly, maternal im-
munization with any vaccine resulting in the decline of
infant MatAb titers to baseline titers prior to the age of
completion of the infant immunization schedule should
not be expected to significantly inhibit infant antibody
responses.

4. Influence of maternal antibodies on infant responses
to novel immunization strategies

The hypothesis that MatAb-mediated inhibition on in-
fant responses was essentially mediated by neutralization
of in vivo replication of live vaccines led to the assump-
tion that mucosal immunization should be resistant to
MatAb-mediated inhibition, as a result of significantly
lower IgG concentrations on mucosal surfaces. Clinical
observations however, do not support this hypothesis, as
mucosally administered live infant vaccines, such as oral
polio or rotavirus vaccines, remain susceptible to MatAb
inhibition [2–4]. This may essentially reflect the fact that B
cell responses are not elicited directly at mucosal surfaces
but within draining lymphoid tissue, implying exposure of
vaccine Ag to systemic MatAb concentrations, and thus to
epitope-masking and APC uptake of immune complexes
regardless of the injection route.

Similarly, as MatAb are unable to bind to DNA vaccines,
it was hoped that DNA vaccines would easily escape even
from high titers of MatAb-mediated inhibition. However,
APC transfection by DNA vaccines is followed by in vivo
Ag production and migration into draining lymph nodes.
This again exposes vaccine Ag to systemic concentrations of
MatAb and thus possibly to inhibition of infant responses,
depending upon the MatAb:vaccine Ag ratio (reviewed in
[37]). Thus, DNA vaccines may not prove more resistant
to MatAb than corresponding subunit/live vaccines, unless
they result in sufficiently prolonged in vivo Ag produc-
tion for MatAb titers to decline below the infant response
threshold. Novel vaccine formulations capable of avoiding
MatAb-mediated inhibition, even at high MatAb titers, thus
remain to be identified.

5. Conclusions

Understanding that the influence of MatAb on infant
responses does not result from neutralization of in vivo
vaccine replication or from Fc�R-mediated inhibition of
infant B cell activation, but essentially depends upon the
MatAb:vaccine antigen ratio at the time of immunization,
allows better definition of the potential influence of immu-
nization strategies resulting in enhanced MatAb titers in
infants. First, inhibition of infant responses will not occur
if enhanced MatAb titers do not persist until completion of
the infant immunization schedule, as is the case for most
current vaccines. However, more immunogenic vaccines,
such as TT or hepatitis A/B vaccines, may induce enhanced
titers of MatAb throughout the first year of life, calling for a
careful evaluation of the impact of adolescent/adult immu-
nization programmes on infant antibody responses. Second,
as MatAb do not prevent T cell priming, subsequent vaccine
doses will induce infant antibody response as soon as MatAb
titers decline below the infant response threshold. Mater-
nal antibodies, therefore, represent a difficult challenge for
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single dose infant vaccines, which are rare as immune imma-
turity limits infant antibody responses in an age-dependent
manner[37]. Third, the influence of MatAb titers on in-
fant responses will depend upon the relative distribution of
MatAb titers in a given population at a given time, and upon
the relative vaccine dose/immunogenicity. As such, mater-
nal immunization programmes with strongly immunogenic
vaccines could possibly reveal the need for more immuno-
genic infant vaccine/schedules, in terms of antigen content
and/or number of vaccine doses. If identified, these obsta-
cles could indeed be circumvented, such that the fear of
suppressing infant responses should not hamper the devel-
opment of adult/maternal immunization strategies against
pathogens causing severe infections within the first weeks
of life.
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