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SUMMARY

The relationship between bacterial exposure and the
allergy epidemic has generated much interest.
Additionally, a changing prevalence of auto-immune
disease has been observed and also linked to the
‘hygiene effect’. If exposure to infectious organisms
has such a dramatic effect on the expression of aller-
gic and auto-immune disease, then surely infection
history should also have a profound impact on
immune responses against subsequent infections.
We here review the evidence from animal experi-
ments and human studies and discuss possible
mechanisms by which infection history can influence
host responses. Immune suppression by regulatory
cells, alteration in cytokine micro-environment,
chemokine-induced redirection of effector cell traf-
ficking, T-cell receptor cross-reactivity and bystander
activation can come into play to change the pheno-
type or outcome of infection-induced immune
responses. This may have important implications for
vaccine design and testing. Additionally, the effect of
helminth infection on the HIV and TB epidemics
might have very important clinical significance and
needs further research to allow greater understand-
ing of these complicated interactions.

INTRODUCTION

The relationship between bacterial exposure and the
allergy epidemic has generated much interest and was
reviewed by Prescott' in a recent edition of this journal.
The 'hygiene hypothesis’ was first named by Strachan
et al? and refers to the relationship between hygiene
(and associated levels of exposure to microbes and
their products or effects on the immune system) and
the increased incidence of allergy and atopy. Generally
speaking, this hypothesis states that an increased
awareness and application of more hygienic practices
along with the use of antibiotics and vaccines in west-
ern societies has led to a decline in childhood exposure
to and incurring of diseases that under ‘normal’ cir-
cumstances would have stimulated the immune sys-
tem in such a way as to protect against allergic
diseases. Epidemiological evidence to support the
hypothesis has been published extensively, but it
remains a highly controversial topic because of con-
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flicting results brought about by intrinsic differences in
study design and approach. In this review we examine
the available evidence that similar mechanisms operate
in the interaction between different microbes to influ-
ence the outcome of infectious diseases.

THE HYGIENE HYPOTHESIS AND ALLERGY

A protective role of early life infections in the develop-
ment of atopy and asthma has been suggested by
British cohort studies conducted since 1958. A consis-
tent relationship was found between birth order and
the risk of atopy inasmuch as the presence of older sib-
lings appeared to protect younger children.®* Others
have shown possible protection from allergy induced
by early life-time lower respiratory tract infections,®
measles infection but not measles vaccination,” posi-
tive tuberculin skin test responses® and hepatitis A
infection.® However, others have found no protection
by greater sibship size' and an interesting observation
relates to the high prevalence of asthma not only in
developed communities but also in African cities' and
among low-income minority groups in the USA.™ It is
unlikely that poor urban children in Africa are subjected
to less crowding and therefore experience less infec-
tion than their rural counterparts.

What are the proposed immunological mechanisms for
the protective effect of infections in the development of
atopic disease? Atopy is related to the expression of
allergen-specific responses with production of T helper
2 (Th2) cytokines such as interleukin 4 (IL-4) and IL-5,
which promote IgE production and eosinophilia.” In
non-atopic individuals the T-cell system is biased to a
Th1 phenotype with production of interferon-gamma
(IFN-y) and inhibition of Th2 cells. Further knowledge of
the development of allergen-specific T-cell memory is
important for the possible primary prevention of allergic
disease. Fetally derived allergen-reactive T cells exhibit-
ing a Th2 phenotype exist, which indicates intra-uterine
T cell priming.™ Prescott et al.”® demonstrate the contin-
uation of these fetal allergen-specific Th2 responses
during infancy with a decreased capacity to produce
IFN-y in atopic neonates. They argue that environmental
factors such as microbial agents exert their effects dur-
ing early life and aid in the maturation of the adaptive
immune response into a Th1-dependent system.
Romagnani® suggests that the rising prevalence of
atopy is related to a reduction in childhood infections
like tuberculosis with a resultant reduced production of
cytokines antagonistic to Th2 cell differentiation. Animal
studies support this concept of immune modulation by
micro-organisms. Prior Mycobacterium bovis Bacillus
Calmette-Guérin (BCG) infection can suppress allergen-
induced airway eosinophilia in mice in an IFN-y depen-
dent manner.” In addition, Wang and Rook™ inhibited
the established allergic response to ovalbumin in mice
with killed Mycobacterium vaccae. The absence of
microbial flora from the gut inhibits the maturation of
the Th1 immune mechanisms and leads to life-long bias
towards Th2 responses,’ which adds interesting sup-
port to the data on antibiotic use during the first two
years of life as risk factor for the development of atopy.™
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THE HYGIENE HYPOTHESIS AND AUTO-
IMMUNE DISEASE

There has been a parallel increase in auto-immune dis-
ease and allergy over the past decades, especially in
the developed world and in urban areas.?® As in allergic
disease, decreasing exposure to micro-organisms has
been implicated as a possible cause for the increased
expression of auto-immune disease.

Although it is generally accepted that autoreactive Th1
cells are important in auto-immune disease, the mech-
anisms leading to auto-immunity are not clear.?' Resting
autoreactive T cells cannot induce disease whereas
activated T cells can. Infections may play a role in initi-
ation of these responses by non-specifically activating
T cells.?? Molecular mimicry, superantigen activation of
T cells expressing targeted B-chain alleles (Vp),
bystander activation and activation of lymphocytes by
lymphotropic viruses are implicated. However, like the
relationship between allergy and infections, a protec-
tive role for some infection, notably helminths and
mycobacteria, has been postulated. This inverse rela-
tionship between infections and auto-immunity argues
against a simple Th1 to Th2 shift as mechanism for the
hygiene effect, as this should have been accompanied
by a decrease in the prevalence of auto-immunity.

There have been reports of an inverse relationship
between risk of type | diabetes mellitus in children and
day care attendance.”® Occurrence of infections in the
first 6 months of life is also associated with a lower risk
of diabetes, whereas infections in later life offer no
advantage in this regard.*® Mycobacterial infection and
measles before the age of 7 protect from the develop-
ment of multiple sclerosis as adults. These findings are
from a retrospective case-matched study including 92
multiple sclerosis patients and 276 age- and sex-
matched controls obtained from school health records
in Copenhagen.” Animal studies also support the
hygiene effect in auto-immune disease as BCG vacci-
nation of C57BL/6 mice protects from experimental
auto-immune encephalomyelitis (EAE).?" A 12 kDa puri-
fied protein derivative (PPD) belonging to the heat
shock protein family was found to be important in this
protective activity.?*” The mechanism of protection
might lie in shared T-cell epitopes with target antigen.

A regulatory T-cell subset (CD45RB"CD38+) is
required for mycobacterial protection from diabetes in
mice. These cells trigger anergy or deletion of self-reac-
tive peripheral lymphocytes.?®?

In mouse experiments, Schistosoma mansoni ova were
used to immunise prior to EAE induction and significant
protection was observed, dependent on induction of a

Th2 environment.?" Similarly, Trypanosoma brucei brucei

infection protects from collagen-induced arthritis in
rats,*® malaria infection prevents lupus-like syndrome®
and Trichuris trichiura protects from inflammatory bowel
disease in humans.*

CD4+ T-HELPER MATURATION IN
RESPONSE TO INFECTION

The differentiation path of T cells is determined by a
variety of genetic and environmental factors. Naive,
uncommitted CD4+ T cells respond to their specific
peptide-MHC class Il complexes by secreting IL-2 and
by proliferating before differentiating into T helper type
0 (ThO) cells. ThO cells demonstrate both Th1 and Th2
functions but then differentiate into one of at least two
effector phenotypes.* The cytokine micro-environment
is one factor that plays an important role in determining
the differentiation path. Antigen-presenting cells (APC),
specifically macrophages and dendritic cells (DC), nat-

ural killer (NK) cells and CD8+ T cells are the source of
these cytokines. Th1 and Th2 cells reciprocally inhibit
each other.?" A schematic summary of Th1/Th2 matura-
tion alternatives is shown in Figure 1. Other factors,
such as antigen dose, DC maturational status and type
of antigen also affect polarisation. Regulatory T (Treg)
cells, however, inhibit the activity and differentiation of
both Th1 and Th2 cells through inhibitory cytokines
such as IL-10 and transforming growth factor-B (TGF-B)
and through direct contact with these cells and
APCs.**** This mechanism will be discussed in more
detail later.

Antigen Differentiation

Proliferation
exposure IFN-y

L2
TNF-a

IL-12 A: V\\
@-VQ AN
C(\\‘ IL-4 IL-4 “
y\@ ‘ . IL-5 ',
I
~\®} l’

AN 1
!
IL-10 -~

Fig. 1. Differentiation alternatives for ThO cells. Naive
CD4+ T cells, after presentation of antigen through anti-
gen-presenting cells (APC) and MHC class Il complexes,
proliferate in an IL-2 dependent manner and eventually
differentiate into ThO cells. The cytokine environment,
among other factors, determines the downstream differ-
entiation into Th1, Th2 or Treg effector CD4 cells charac-
terised by their cell surface markers and specific
cytokines production. Th1 and Th2 cells reciprocally
inhibit each other while Treg cells control both these
immune responses. Concurrent infections can influence
differentiation of ThO cells during the establishment of an
inflammatory response by altering the cytokine micro-
environment.

THE HYGIENE HYPOTHESIS AND INFEC-
TIOUS DISEASES

The aim of this review is not to discuss the interaction
between chronic infections, like HIV, and subsequent
opportunistic infections, but rather to elucidate the less
obvious effects of infection history on subsequent,
unrelated immune responses against microbes.

More than a quarter of the world’s population is infect-
ed with intestinal parasites.*® Most helminth infections
occur in the developing world where many individuals
are co-infected with M. tuberculosis. Mycobacteria are
controlled by Th1 responses with production of the
cytokines IFN-y, IL-2 and tumour-necrosis factor alpha
TNF-0..*” A protective response against gastrointestinal
nematodes, however, is associated with production of
type 2 cytokines, like IL-4, IL-5 and IL-13.°® Down-regu-
lation of Th1 responses by a Th2 type immune pheno-
type can occur and it has been postulated that
helminth-induced Th2 bias of the immune system may
lead to reactivation of latent tuberculosis.®* Only a few
prospective studies have, however, been published to
support this hypothesis. Total serum IgE (associated
with a Th2 response) and Ascaris-specific IgE are high
in tuberculosis patients in some study communities;*
this suggests that gastrointestinal worm infestation
could be an important contributor to the TB problem. A
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strong correlation between the incidence of TB and
mean IgE levels is found in the Ravensmead/Uitsig
community in the Western Cape *' and the most prob-
able reason is intestinal parasite infection. It was also
found that IgE levels decreased following successful
treatment of TB,” suggesting that the re-establish-
ment of a Th1 response during successful control of TB
infection might down-regulate Th2 responses. A
Kenyan study reported reduced protective Thi
responses to BCG vaccination in children with prenatal
sensitisation against filariae and schistosomes.*
Furthermore, cellular immune responses to PPD tuber-
culin are reduced in subjects with helminth infection
but improve after deworming.* Clinical studies demon-
strate altered responses to unrelated infections other
than mycobacteria in helminth co-infected humans. In
helminth-infected subjects peripheral blood mononu-
clear cells are more susceptible to HIV infection* and
HIV/helminth co-infected patients have increased HIV
disease severity (disease progression, higher plasma
viral load and poor anti-retroviral response), which is
reversible by helminth eradication.® Animal studies
also show altered immune responses against unrelated
antigens in helminth-infected hosts. In Schistosoma
mansoniinfected mice, increased susceptibility to vac-
cinia virus with decreased Th1 cytokines and virus-spe-
cific CD8+ cytotoxic T-cell responses have been
reported.*

As discussed earlier, helminths may play a positive role
in the prevention of manifestations of allergies” by
blocking of mast cell Fc € type | receptors by polyclon-
al IgE and resultant inhibition of degranulation. But
helminth infection also leads to increased production of
the immune-suppressive cytokines IL-10 and TGF-
and induction of regulatory lymphocyte subsets (Treg)®
and this may be instrumental in lowering the preva-
lence of atopy in helminth-infected individuals. As Th1
responses are also suppressed by these cytokines,
macrophages are deactivated and IFN-y-induced nitric
oxide synthetase-2 is inhibited,” helminth-induced
immune suppression may theoretically play a role in
altered immune responses against mycobacteria.

MECHANISMS OF INTERACTION BETWEEN
INFECTIONS AND UNRELATED IMMUNE
RESPONSES

Altered cytokine environment due to
infections

Proliferation of T cells in a micro-environment rich in
Th1 cytokines favours differentiation along the Th1
pathway and suppresses Th2 maturation. Two murine
models demonstrate this phenomenon and will be dis-
cussed.

In the western world respiratory syncytial virus (RSV)
infection is a common cause of infantile viral bronchi-
olitis and may possibly be involved in subsequent
development of atopy and asthma.*® A disastrous vac-
cination program took place in 1960 where infants who
were vaccinated with formalin-inactivated RSV devel-
oped severe disease in later episodes of natural RSV
infection, which were characterised by eosinophilic
lung infiltrates and increased mortality.” A mouse
model was developed to study this phenomenon.®**
Infecting BALB/c mice with RSV leads only to mild ill-
ness and a dominant Th1 immune response, which
resolves spontaneously in 7-10 days. However, sensiti-
sation of these mice with the RSV attachment protein
(G) before infection with RSV (G-primed RSV infection)
leads to greatly enhanced illness. It is now believed
that G protein priming took place in infants after inacti-

vated RSV vaccination. Data from the human vaccine
studies show that older children were protected from
the enhanced effects of post-vaccination RSV infection
and this might reflect a more mature immune system,
possibly due to ‘immune educational’ infections pre-
ceding vaccination. The effect of infection history was
therefore examined with the use of a modified mouse
model of G-primed RSV infection. Mice infected with
influenza virus (which induces strong IFN-y responses
from CD4+ and CD8+ T cells) are protected from the
Th2-driven eosinophilia and illness seen in the G-
primed RSV infection.®> During influenza/G-RSV
sequential infection, increased IFN-y was observed by
flow cytometry and, together with a reduction in IL-4
protein in lung lavage fluid, indicates a shift towards a
Th1 phenotype. This suggests that an altered cytokine
environment induced by prior infection can have impor-
tant effects on subsequent unrelated immune respons-
es against viruses.

The mouse model of Cryptococcus neoformans/BCG
co-infection was used to study whether prior BCG
exposure would alter subsequent Th2-mediated
responses. Cryptococcus infection induces a strong
Th2 response characterised by non-protective
eosinophilic inflammation in certain mouse strains.
Similarly to influenza/G-RSV infection, it was found that
serum IFN-y levels were increased during co-infection
and ELISPOT assay showed a lower frequency of C.
neoformans-specific IL-5-producing cells in BCG-infect-
ed mice. A dependence on Th1 cytokines for eosinophil
reduction in the BCG/C. neoformans model was
demonstrated in experiments with IFN-y knockout
mice. Intriguingly, live BCG was required for reduction
of eosinophilia as heat-killed BCG increased eosinophil
infiltration in the lung.

Conversely, T-cell proliferation in a micro-environment
rich in Th2 cytokines favours differentiation along the
Th2 pathway. Schistosoma mansoni infection decreas-
es vaccinia virus-specific Th1 cytokine production and
suppresses cytotoxic T lymphocyte (CTL) activity in
mice.® Patients infected with S. mansoni mount a Th2-
response to tetanus toxoid instead of a Th1 or ThO
response,® certain communities with a high prevalence
of helminth infection respond to phytohaemagglutinin
(PHA) stimulation with a Th2 instead of a Th1
response® and deworming of humans restores the abil-
ity of BCG vaccination to induce PPD-stimulated T-cell
proliferation and IFN-y production.®

Regulatory T cells and infection

Immune deviation and changes in cytokine micro-envi-
ronment alone cannot explain some of the epidemio-
logical observations regarding infections and unrelated
responses, as discussed earlier in the context of auto-
immune disease. Recently, immune-suppressive
mechanisms have generated much interest. T-cell-
mediated immune regulation plays a main role in main-
taining antigen-specific ‘operational tolerance’ in vivo,
controlling T-cell homeostasis and regulating homeo-
static expansion of T cells in immune deficient hosts.®
Gershon and Kondo® first described suppression of
antigen-specific immune responses in 1971 but specif-
ic molecular markers, the origin of these cells and the
molecular basis of immune regulation remained uncer-
tain. It is now clear, however, that these cells are
enriched in the CD4+ populations, although CD8+,
CD4-CD8- (double negative) and NK cells also possess
regulatory properties.*® Regulatory CD4+ cells express
CD25, the a-subunit of the IL-2 receptor.®® Although
most of the literature concerning regulatory cells stems
from allergic disease, auto-immune disease and trans-
plantation tolerance work, some reports address the
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role of these cells in infections. A yet unidentified non-
B-, non-T cell suppresses virus-specific CTL in
Schistosoma-infected mice via a soluble factor.*®® Tr1
cells are generated in vivo after repeated stimulation
with IL-10 and IFN-0®® and produce IL-10, varying
amounts of IFN-y, IL-5 and TGF- but no IL-2 or IL-4.°
They are associated with suppressed immune respon-
siveness during onchoceriasis infection (a filarial nema-
tode causing visual impairment or blindness).®
CD25+CD4+ cells also contribute to Th2 polarisation
during S. mansoni infection by suppressing Th1
response development.®® During herpes simplex virus
infection, regulatory cells decrease responses against
this virus and against unrelated antigen.® In other ani-
mal models, CD4+CD45RB"" regulatory cells confer
protection against inflammatory bowel disease® and
this subset is also induced by a killed M. vaccae sus-
pension and inhibits ovalbumin-induced airway
eosinophilia via IL-10 and TGF-B.** However, the
CD4+CD45RB"™ phenotype, like the CD4+CD25+ phe-
notype in humans, is also a marker of activation and
does not necessarily indicate regulatory activity.
Functional properties like suppression of proliferation
and the patterns of cytokine production are needed to
categorise these cells. In summary, infection-induced
regulatory cells are capable of suppressing responses
against the causative organism and against unrelated
pathogens. The importance of this observation has,
however, not been conclusively demonstrated in
humans and requires further studies.

Redirection of immune cell trafficking

Infectious foci can possibly play a role in protection
from disease by sequestration or modification of
inflammatory cells trafficking. Activated T cells travel to
granulomas regardless of their antigenic specificity.?' In
an auto-immune disease model, threshold levels of
autoreactive T cells were not reached in the CNS
because of redirection of inflammatory cells by strong
chemokine gradients and/or shared addressins from
distant inflammatory processes. The effect of previous
infection on lung remodelling also warrants further
investigation. No data exist to evaluate the effect of
immune cell redirection during unrelated infections.

Cross-reactive immunity alters immune
pathology

During a viral infection there is a rapid and dramatic
increase in memory cells specific to unrelated
pathogens.®”% Selin and Walsh® have shown that with-
in 3 days of an intraperitoneal vaccinia virus infection of
a lymphocytic choriomeningitis virus (LCMV)-immune
mouse there is a five times greater intraperitoneal
CD8+ T-cell infiltrate than in corresponding LCMV-naive
animal. The proposed reasons for the enhanced recruit-
ment of apparently unrelated memory cells include
upregulation of chemokine receptors allowing non-spe-
cific recruitment to the site of an unrelated infection™
or expansion of T cells cross-reactive between two
viruses. Heterologous immunity describes the ability of
memory T cells resulting from one viral infection to con-
fer protection against a putatively unrelated heterolo-
gous virus.®” Selin et al%” show that prior immunity to
LCMV, Pichinde virus and MCMV is protective against
a subsequent vaccinia virus infection. The protection
depends on the sequence of viral infections and is not
necessarily reciprocal. It is generally accepted that T
cells are highly specific for peptide-MHC complexes
but a single T-cell clone can recognise several different
peptides from the same virus and even different pro-
teins from different viruses.”"”

Bystander activation and unrelated
immune responses

Infections and their subsequent immune responses
result in cytokine secretion that has the ability to stim-
ulate non-specific cells.” IFN-y, IL-2 and IL-15 in partic-
ular have been linked to memory CD8+ T-cell
stimulation.”® Cytolytically active CD8+ T cells remain
long after resolution of LCMV infection,” providing a
means for rapid elimination of subsequent infection
with homologous virus and this may also be true for
activated CD8+ T cells specific for heterologous virus-
es. Limiting dilution assays for CTL precursors could
only identify 10% of virus-induced CD8+ T cells as
being virus-specific with other specificities included in
the responses.” Additionally, cells were also elicited
that lysed uninfected allogeneic targets.” The biological
significance of bystander activation is, however, hard to
establish. Many clones of virus-specific CTL cross-
reacted with uninfected targets.” Zarozinski et al.”used
transgenic mice with a limited, yet still diverse T-cell
repertoire. T cells were capable of generating CTL
responses against either H-2¢ or H-2* alloantigens but
LCMV infection only induced H-2%reactive CTL, which
argues against bystander activation. Selin® also found
unanticipated cross-reactive CTL responses between
putatively unrelated viruses. A decrease in bystander T
cells, more pronounced among CD8+ T cells during
unrelated responses, has been reported and these cells
appear apoptotic.®® An explanation offered for these
conflicting findings regarding bystander activation is
that cytokines during a second infection can stimulate
memory CTL into cycle but that this leads to apoptosis
in the absence of appropriate T-cell receptor (TCR) sig-
nalling.® IFN might also kill memory cells to free room
in the lymphoid organs for later repopulation. The
decrease in numbers of unrelated memory cells might
therefore represent a homeostatic response to main-
tain the complex secondary lymphoid organ structures
where stromal cells and APCs provide the interface for
T-cell activation.

MHC class | tetramers are used to identify antigen-spe-
cific CD8+ T cells. These tetramers were used in an
experiment where influenza-immune mice were chal-
lenged with G-primed RSV infection, as discussed ear-
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Fig. 2. Summary of the mechanisms by which infections
can alter the outcome of unrelated immune responses.
When ThO cells differentiate into effector cells the stage
has already been set by a prior infection and its accom-
panying immune response. Immune suppression by reg-
ulatory cells, alteration in cytokine micro-environment,
chemokine-induced redirection of effector cell trafficking,
T-cell receptor cross-reactivity and bystander activation
can come into play to change the phenotype or outcome
of the immune response.
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lier.?? Influenza nucleoprotein (NP)-specific CD8+ T cells
returned to the lung and expressed intracellular IFN-y
during this challenge. Memory cells are less dependent
on co-stimulation compared with naive T cells,®
express higher levels of adhesion molecules and are
activated by IL-2, TNF and [L-6%% and the influenza-
specific T cells may therefore represent bystander acti-
vation.” G protein-induced eosinophilia is sensitive to
IFN-y** and the return of influenza-specific IFN-y-pro-
ducing CD8+ T cells to the lung may therefore tip the
balance away from an environment conducive to
eosinophilia. This does not, however, imply expansion
of influenza-specific cells during RSV infection, but
could merely be the result of recruitment of these cells
from other areas in the host through chemokines or
cytokines during active RSV pneumonia.

The mechanisms by which infections can influence
subsequent responses against other pathogens are
summiarised in Figure 2.

EFFECT OF INFECTION HISTORY ON
SUBSEQUENT EXPOSURE TO MICRO-
ORGANISMS: IMPLICATIONS FOR
FUTURE RESEARCH

Accumulatively, the issues reviewed here have implica-
tions for vaccine design and vaccine testing as
immunologically naive infants will respond differently
to vaccinations and subsequent exposure to pathogens
than older individuals with more mature immune sys-
tems. The prevention of systemic infections by vac-
cines might also influence immune maturation as
discussed in the context of the hygiene effect. Another
aspect of interest is immune senescence, where mem-
ory to infectious agents wanes and where responses
might revert back to a more naive phenotype.

There is also an urgent need for properly designed
studies to assess the influence of helminth infections
on the HIV and TB epidemics. These diseases occur in
similar geographical areas and socio-economic set-
tings, and the impact of widespread worm infestation
on HIV and TB disease expression has not been
assessed comprehensively but could be substantial.

Another important question concerns the potential
superiority of live vaccines over inactivated vaccines.®
In an era of increasing immune suppression due to the
HIV pandemic (and to a much lesser extent due to a
growing number of patients receiving immune sup-
pressant therapy for auto-immune disease or organ
transplantation) the use of a live organism in a vaccine
poses a potential threat. Reports of systemic BCG
infection have been published with a mortality exceed-
ing 70%.%

There has recently been a renewed interest in regula-
tory T-cell phenotypes® and as more information
regarding these cells becomes available, their role in
interactions between different pathogens needs to be
addressed. Phenotypic and functional characteristics of
these cells have only recently been defined in more
detail and this knowledge has to be utilised in studies
of pathogen-pathogen interaction. This is especially
true for co-infection with pathogens known to induce
regulatory/immunosuppressive immune responses,
like gastrointestinal helminths and mycobacteria.

CONCLUSION

Infections can profoundly affect subsequent immune
responses. As discussed in this review, infection his-
tory has a biologically significant impact on the
immunopathology of subsequent infections and there
are numerous mechanisms for these interactions that
operate in concert. These interactions have to be con-

sidered when immune responses against other micro-
organisms, allergens or self-antigens are investigated.
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