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OPINION

Systemic infections and inflammation
affect chronic neurodegeneration

V. Hugh Perry, Colm Cunningham and Clive Holmes

Abstract | It is well known that systemic infections cause flare-ups of disease in
individuals with asthma and rheumatoid arthritis, and that relapses in multiple
sclerosis can often be associated with upper respiratory-tract infections. Here we
review evidence to support our hypothesis that in chronic neurodegenerative
diseases such as Alzheimer’s disease, with an ongoing innate immune response in
the brain, systemic infections and inflammation can cause acute exacerbations of
symptoms and drive the progression of neurodegeneration.

We have all, at one time or another, felt ill
following an infection of the respiratory
tract. These alterations in our metabolic and
behavioural state are commonly referred to
as ‘sickness behaviour’ (BOX 1) and have an
important role in defence against infection.
In recent years, we have learned that this
immune-system-to-brain communication
is in part dependent on the resident mono-
nuclear phagocyte populations in the brain
— the macrophages and microglia.

In the normal healthy brain, the micro-
glia have a quiescent or downregulated
phenotype. In chronic neurodegenerative
diseases, however, the macrophages and
microglia increase in number and change
their morphology as well as their cell-surface

antigen expression. We have recently shown
that a systemic inflammatory challenge in
an animal with a chronic neurodegenerative
disease leads to exaggerated brain inflam-
mation, exaggerated sickness behaviour and
a significant increase in acute neurodegen-
eration'” We proposed that the microglia
in the diseased or aged brain are ‘primed,
and switch their phenotype to produce
neurotoxic molecules when they respond to
systemic inflammatory signals. Therefore,
in the diseased or ageing brain, signals

from systemic infection or inflammation,
instead of signalling to evoke a protective
homeostatic response in the host, evoke an
exaggerated response that contributes to
disease progression. In this article we review
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Box 1| Sickness behaviour

Systemic infectious episodes induce a general malaise, with symptoms including lethargy,
anhedonia (disinterest in previously rewarding activities), apathy, decreased social interaction and
poor concentration. This general malaise can be accompanied by metabolic changes such as
altered body temperature (fever or hypothermia), increased somnolence and loss of body weight.
However, these symptoms are not merely unpleasant side-effects of infection; together they form
an important, evolutionarily conserved, homeostatic mechanism that allows the body to adapt to
and combat infection. Through this set of behavioural responses, classically described by Hart?*
and collectively termed as ‘sickness behaviour’, the body makes conditions suboptimal for
microbial replication. It does so through altering body temperature, conserving energy, limiting its
exposure to subsequent infection or other insults and limiting the spread of the current infection.
These changes are coordinated by the central nervous system (CNS) and peripheral signals must
reach particular brain centres to initiate this response. There are a number of routes of
communication between the periphery and the brain, but the synthesis of pro-inflammatory
molecules in the CNS, such as interleukin-1f (IL-1), IL-6, tumour-necrosis factor (TNF) and
prostaglandins, is thought to be crucial for the initiation of sickness-behaviour responses. The
neuroanatomical basis and molecular mechanisms of sickness behaviour have been extensively

reviewed elsewhere?.

evidence from animal models and clinical
studies to support this hypothesis, and we
discuss the implications for chronic neuro-
degeneration in general.

Systemic inflammation and the brain
Following injury or infection, in addition to
the local inflammatory response, there is a
systemic response, which includes the acute-
phase response in the liver and the metabolic
and behavioural components of sickness that
are familiar to us all (BOX 1). The molecular
and cellular components that mediate the
communication between peripheral inflam-
mation and the brain have been well studied
in experimental models. Three major

routes of communication are known, all of
which lead to the synthesis of cytokines and
inflammatory mediators in the brain paren-
chyma, which are typically associated with
tissue injury?. First, inflammatory events in
the thoracic abdominal cavity are signalled
to the brain through vagal-nerve sensory
afferents, and in turn the vagal efferent
outflow might modify these inflammatory
events through acetylcholine secretion®.
Second, cytokines and inflammatory media-
tors that are induced at the site of inflam-
mation enter the blood and communicate
directly with macrophages and other cells

in the circumventricular organs that lack

a blood-brain barrier. The signal, com-
municated by the microglia, then spreads
into the parenchyma of the central nervous
system (CNS)°. Third, the cytokines, inflam-
matory mediators’, or indeed the microbial
products themselves®, might interact directly
with the brain endothelium, communicat-
ing directly across the blood-brain barrier
and to perivascular macrophages, possibly
through the induction of lipid mediators, in
particular, prostaglandin E, (PGEZ) (REF. 7).

The inflammatory mediators produced in
this signalling process do not cause damage
to the brain tissue.

Innate inflammation in the brain
Macrophages and microglia (cells of the
mononuclear phagocyte lineage) are central
to inflammation in chronic neurodegenera-
tive disease. The microglia are characterized
in the normal brain by their highly branched
morphology and downregulated phenotype?,
which manifests as a low or undetectable
expression of cell-surface antigens such
as CD45 and MHC class I and class II
molecules. These features make microglia a
highly atypical population of mononuclear
phagocytes (FIC. 1). Although the microglia
are phenotypically downregulated, recent
imaging studies in vivo show that these
cells, even in their so-called resting state,
are highly active, with their fine processes
continually surveying their local micro-
environment’. The molecular interactions
between the microglia and components
of the brain parenchyma that result in this
downregulated phenotype are beginning to
be unravelled; moreover, there is evidence
that microglial CD200R (CD200 receptor)
recognition of neuronal CD200 (REF. 10),
CD45 recognition of neuronal CD22 (REF. 11)
and microglial expression of TREM2
(triggering receptor expressed by myeloid
cells 2) (REFS 12,13) might have a role.
Downregulation of these molecules or their
ligands might have a role in the activated
microglia phenotype described during age-
ing or neurodegeneration (see below).
Microglia are exquisitely sensitive to
almost any disturbance of brain homeo-
stasis', which rapidly causes them to change
their morphology and upregulate expression
of a range of cell antigens; they are then

referred to as ‘activated microglia’ It has
been proposed that microglia show incre-
mental linear stages of activation and that
their functional phenotype might be inferred
from their morphology" (FIC. 1a), although,
in reality, one can conclude very little about
microglial function from morphology
alone. It is widely recognized that cells of
the macrophage lineage exist in many states
of activation, including pro-inflammatory,
alternatively activated or even anti-inflam-
matory, following the ingestion of apoptotic
cells'. It is also apparent that macrophages
modify their phenotype during par-

ticular stages of an inflammatory response,
although the signalling processes involved in
these transitions are not known'”. Moreover,
microglia show many states of activation,
depending on the nature of the brain injury
and the type of tissue degeneration (FIG. 1b).
Importantly, they can rapidly switch their
phenotype in vivo without obvious changes
in their morphology (FICS 1b,2).

Chronic neurodegeneration

To understand how systemic inflammation
can alter the microglial phenotype during
chronic neurodegeneration, it is necessary
to characterize the phenotype before it
becomes altered. Suppressing inflammation
is now regarded as a leading therapeutic
approach in chronic neurodegenerative
disease, largely because long-term use of
non-steroidal anti-inflammatory drugs
(NSAIDs) offers some protection against the
development of Alzheimer’s disease'® and
Parkinson’s disease®. Although this protec-
tion is relatively modest, it has led to the sug-
gestion that chronic neurodegeneration is
accompanied by an inflammatory response
that needs to be controlled. However, there
is little evidence that this is the case and the
mechanism by which these NSAIDs exert
their effects is not yet understood.

The available information on inflam-
matory cells and mediators present in
post-mortem brain tissue from patients with
Alzheimer’s disease has been extensively
reviewed”. An atypical inflammatory
response dominated by cells of the macro-
phage lineage occurs, with both activation
of the resident microglial cells* and possible
recruitment of monocytes from the blood*.
As mentioned above, activated microglia
adopt a morphologically different phenotype
with increased expression of cell-surface
antigens®; they also surround dense-core
(senile) amyloid-f, , ., plaques®. The acti-
vating stimulus could be either the amyloid
itself or the degenerating processes of neu-
rons. In vitro studies have investigated how
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Figure 1| Models of activation of microglia. Microglia in the normal,
healthy brain have a highly branched morphology and a downregulated
phenotype. In response to injury and disease they rapidly change their
morphology and upregulate a number of cell-surface and intracellular anti-
gens — such microglia are generally referred to as activated. A | A linear
model of activation proposes that resting microglia are activated by a
stimulus such that the degree of injury determines the degree of morpho-
logical change and pro-inflammatory-mediator production. B| By contrast,
a plasticity model proposes that cells of the phagocyte lineage are sensitive
to the precise nature of the stimulus, its intensity, the time for which it is
present and many other factors. Therefore, in different pathological states,
activated microglia might synthesize a range of different cytokines. They
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probably also secrete a different range of other inflammatory mediators and
molecules (such as proteases, metalloproteases and acute-phase proteins)
that is not illustrated here. The profiles in different forms of injury and dis-
ease that are shown are: a model of excitotoxicity (acute neuronal injury)
(Ba)®, intracerebral lipopolysaccharide (LPS) challenge (Bb)*, experimental
allergic encephalomyelitis (EAE) (Bc), prion disease (Bd)*, and Wallerian
degeneration (K. Palin, personal communication) (Be). It is important to note
that these different states are not fixed or immutable, but can be switched
between one state and another by a further stimulus, such as an LPS chal-
lenge in Bd to Bd’ (REF. 2) and Be to Be’ (K. Palin, personal communication).
COX2, cyclooxygenase-2; IL, interleukin; TGFB1, transforming growth fac-
tor-B1; TNF, tumour-necrosis factor.

amyloid-P and disease-associated prion pro-
tein (PrP*) peptides activate macrophages
or microglia*** and engage the phagocytic
machinery”*?. However, the rapid addition
of a high concentration of a fibrillar peptide
to cultured microglia does not represent
the slow and inexorable accumulation of
amyloid that is seen in these degenerative
diseases. In fact, what is remarkable about
the plaques observed in diseased brain is
their persistence despite the apparent atten-
tions of activated microglia. It seems that
the microglia are not appropriately activated
to effect clearance, and that their chronic
exposure to the same stimulus, over months,
probably downregulates this response, as
has been reported for repeated exposure of
microglia to lipopolysaccharide (LPS)?.
Much has been written about the role of
pro-inflammatory cytokines, such as inter-
leukin-1f (IL-1B), in Alzheimer’s disease®,
but there remains little direct evidence to
support it. Although widely referred to as
overexpressed, cytokines in most animal
models are in fact present at very low levels.
Quantification of IL-1f and other cytokines
has been inconsistent between laboratories
and even between consecutive studies from
the same laboratory*-**. Furthermore,

in these models, animals with cytokine

gene deletions have not been shown to be
protected against the development of pathol-
ogy, whereas, in the same models, deletion
of the pro-inflammatory complement

factor C3 has been shown to exacerbate
amyloidosis and to induce neurodegenera-
tion*. Together, these data indicate that the
inflammatory response in the CNS in animal
models of Alzheimer’s disease is tightly
controlled.

Comparison with other models of
chronic neurodegenerative disease is
informative. In the G93A-SOD1 model
of amyotrophic lateral sclerosis (which
primarily affects the lower and upper motor
neurons that are crucial for voluntary
movement), the pro-inflammatory cytokine
expression profile is limited. There are
several reports of elevated pro-inflamma-
tory cytokine expression, but the increases
are only twofold to fourfold*; the protein
products of these genes are not generally
examined, but where they have been assessed
they are elevated less than twofold™. It has
also been shown that IL-1[ expression was
not required for normal disease progres-
sion””. In models of Parkinson’s disease,
the transcription of pro-inflammatory

cytokines is modestly increased®®*, and
both genetic manipulation of cytokines and
pharmacological disruption of some aspects
of inflammation have shown inconsistent
effects**.. In mouse prion disease, low levels
of transcription of pro-inflammatory genes
and undetectable levels of cytokine protein
have been observed in the brain*>*, whereas
clear expression of the anti-inflammatory
cytokine transforming growth factor-B1
(TGFp1) has been observed*. Similarly,
knockouts of cytokine genes or their recep-
tors have either minor or no effects on
disease progression*~’.

Interestingly, whereas most inflammatory
mediators are elevated twofold to fourfold
in the CNS, tumour-necrosis factor (TNF)
transcription is considerably higher in many
models, including those for prion disease,
amyotrophic lateral sclerosis and Parkinson’s
disease, but the expression of the TNF pro-
tein is rarely, if ever, detected. It is important
to note that TNF is tightly controlled at a
translational level by anti-inflammatory
molecules such as TGFP1 and IL-10%%,
and that high levels of untranslated TNF
mRNA have been shown to be a feature of
primed macrophages in the periphery>-'.
It is conceivable that this high level of TNF
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Figure 2 | Microglial priming and phenotypic switching without morphological change. The
plasticity of ‘primed’ microglia in mouse prion disease. a—c | Photomicrographs of brain sections from
animals inoculated with normal brain homogenate and challenged at 18 weeks post-inoculation with
lipopolysaccharde (LPS) (a), from the ME7 strain of prion disease and challenged at 18 weeks post-
inoculation with saline (b), and from the ME7 strain of prion disease and challenged at 18 weeks post-
inoculation with LPS (c). The sections were labelled with tomato lectin, which labels both microglia
and the endothelium (stained brown), whereas all nuclei were counterstained blue. Panel a shows
microglia with a highly branched morphology, whereas panels b and ¢ show an activated morphology.
d-f | Similar sections stained with an antibody against the cytokine interleukin-1f (IL-1B), which is
known to exacerbate damage to compromised neurons.d | Only cells associated with the endothelium
are IL-1P positive (stained brown) after intraperitoneal LPS challenge to animals injected with normal
brain homogenate. e | Despite clear morphological signs of activation of microglia from animals with
prion disease seen in panel b, when stained for IL-1B, these cells are all negative. f | Prion-diseased
animals challenged systemically with LPS are morphologically indistinguishable from those not chal-
lenged with LPS in panel b but synthesize easily detectable levels of IL-1B protein (f). This is a clear

indication of a phenotypic switch without morphological change.

transcription with minimal translation is a
signature of primed microglia in the brain.
The key point here is that, whether
described in the literature as elevation of
pro-inflammatory cytokines or as a low-
level inflammatory response, increases in
cytokine expression in mouse models of
chronic neurodegeneration are very subtle.
Despite a 10-20-fold increase in micro-
glia numbers in models of prion disease
or Parkinson’s disease, the amounts of
cytokines produced are dwarfed by the levels
induced by acute microbial challenge®®#.
This indicates that the pro-inflammatory
response to neurodegeneration is kept
under tight control, probably by appropriate
anti-inflammatory mediators such as IL-10,
PGE, and TGFp1, and there is evidence
that in the ageing brain anti-inflammatory
mediators such as IL-10 are decreased®. This
tight control probably represents the lesser
of two evils. The macrophage response to
phagocytosis of apoptotic cells is character-

ized by synthesis of these molecules**, and
it seems that chronic neurodegeneration
gives rise to a similar anti-inflammatory
microglial phenotype®. The disruption of
this anti-inflammatory state has deleterious
consequences for the progression of disease,
as blocking TGFp1 activity by expressing an
exogenous inhibitor decorin® or deleting
IL-10 (REF. 56) both exacerbate the pathology
of prion disease.

Microglial priming in animal models
A key point that illustrates the modest
degree of microglia activation in animal
models of Alzheimer’s disease is the
improved clearance of amyloid plaques that
occurs following secondary challenges such
as administration of LPS**%, intracranial
administration of amyloid-f-specific anti-
bodies*, and active and passive immunization
strategies®*®.

However, the potential benefits of
enhanced or altered activation of the innate

inflammatory response in the diseased brain
come at a cost. We have proposed that the
activated microglia observed in the brains of
mice with prion disease, although exhibiting
an anti-inflammatory phenotype, are primed
by the ongoing pathology, and that their
phenotype can be switched by an inflamma-
tory challenge®. This phenotypic switching
is manifested as an increased production of
IL-1B after peripheral LPS challenges (FIG. 2),
and increased cytokine production is in
turn associated with an increased sickness-
behaviour response’. We have further shown
that the switch in cytokine profile also
includes increased TNF, IL6 and inducible
nitric-oxide synthase (iNOS) mRNA. This
cytokine profile is associated with increased
numbers of neurons undergoing apoptosis
and an accelerated appearance of neurologi-
cal symptoms associated with later stages of
the disease (C.C., unpublished observations).
This phenotype switching truly represents
microglial priming, as neither prion disease
nor intracerebral challenges of normal ani-
mals with LPS induces detectable microglial
iNOS, but intracerebral challenges of prion-
diseased animals with LPS produces readily
detectable microglial INOS?.

Inflammatory exacerbation is not par-
ticular to prion disease: a similar pattern of
exaggerated sickness behaviour following
LPS challenge has also been observed in
aged mice® in which the response is accom-
panied by increased cytokine expression in
the CNS. It is known that neurodegeneration
occurs during normal ageing, and this is
associated with microglial activation®* and
modest increases in pro-inflammatory
cytokine expression®. An exaggerated pro-
inflammatory cytokine response to a cortical
stab injury in aged animals has also been
reported®, and more recent studies have
shown that hippocampal-dependent learn-
ing deficits are induced by peripheral LPS
in aged rats but not in younger controls®.
Blood and brain cytokine levels show that
the exaggerated effect occurs only in the
brain®’.

In mouse models of Alzheimer’s disease,
several similar observations have now been
made. Increased transcription of cytokines
and altered amyloid-f3 processing in the
brain after LPS challenges in the Tg2576
model have been reported®. Similar
increases in cytokine transcription and
also translation of iNOS in the presenilin-1
(PSENT1)-mutation knock-in model of
Alzheimer’s disease have also been shown®.
In the triple-transgenic model of Alzheimer’s
disease, in which the animals have muta-
tions in three key genes that are defective in
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Box 2 | Dementia and delirium

Dementia of the Alzheimer’s type

Dementia is a syndrome resulting from disease of the brain, usually of a chronic and progressive
nature, in which there is a disturbance of multiple higher cortical functions including memory and,
in most subjects, neuropsychiatric features, such as apathy and depression. Alzheimer’s disease is
characterized by an insidious onset with a steady progression and is the most common cause of
dementia, affecting around 15% of the population over the age of 75 years. The biggest risk factor
for Alzheimer’s disease is increasing age, with genetic influences becoming less important as the
age of onset increases. Diagnosis is largely dependent on the exclusion of other diseases that
would otherwise be sufficient to account for the dementia syndrome.

Delirium

Delirium is also a syndrome caused by disease of the brain, usually of an acute, fluctuating and
transient nature, in which there is a disturbance of multiple higher cortical functions. Although
symptoms can include neuropsychiatric features, the core features are altered consciousness
and disturbed attention and concentration. Differential diagnosis from Alzheimer’s disease can
be difficult and usually depends on acute onset and fluctuating course. The biggest risk factors
for delirium are increasing age and dementia, and the most common acute triggers for episodes
of delirium in these populations are systemic infections, surgery, stress and drug interactions.
Delirium, therefore, often appears superimposed on a background of dementia (as in FIG. 3b),
and there might be overlap in the aetiologies of these cognitive disturbances.

patients with early onset Alzheimer’s disease
(APP, PSENI and TAU), repeated chal-
lenges with LPS were shown to exacerbate
CNS inflammation and to cause increased
TAU hyperphosphorylation®, a key step
in the formation of neurofibrillary tangles,
one of the main features of the pathology
of Alzheimer’s disease. Repeated systemic
challenges with high doses of LPS in the
SOD1%7® model of amyotrophic lateral scle-
rosis also led to the exacerbation of symp-
toms, the increased loss of motor neurons
and a shortened survival time”.

Therefore, in several animal models of
chronic neurodegenerative conditions, it
seems that microglia become primed by

the ongoing pathology. They are then sus-
ceptible to phenotype switching following
peripheral inflammatory challenges. This
results in elevated expression of cytokines
and consequent activation of downstream
cascades that are capable of inducing
damaging molecules such as iNOS. This
has clear consequences for the progression
of disease.

Development of Alzheimer’s disease
Ageing is accompanied by an age-dependent
upregulation of the inflammatory response,
due perhaps in part to recurrent or chronic
systemic infections that bombard the
immune system throughout life. Systemic
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infections and other systemic inflammatory
events are the main cause of delirium in the
elderly (BOX 2). Delirium has been shown

in several studies to be associated with a
significantly increased risk of developing
dementia””?. Delirium has many clinical
features in common with Alzheimer’s
disease, including impaired cognition and
the development of various neuropsychiatric
features. Indeed, the clinical differentiation
of dementia and delirium is often difficult to
make and is largely dependent on the acute,
as opposed to chronic, nature of the confu-
sional state (BOX 2). Patients with dementia
are particularly susceptible to developing
delirium, indicating similar aetiological
pathways”.

Importantly, the risk of developing
Alzheimer’s disease is also increased follow-
ing the development of an infection in the
absence of an obvious delirium. In a retro-
spective general-practitioner database study,
the presence of two or more infections
over a 4-year follow-up period increased
the odds of developing Alzheimer’s disease
by around twofold™. The finding that the
risk of developing the disease rose with
increasing age is consistent with the known
decline in risk related to genetic influences
with increasing age. Evidence that systemic
inflammation in general is a risk factor
for the future development of Alzheimer’s
disease has been found in a number of stud-
ies. Inflammatory proteins in the plasma,
notably C-reactive protein and IL-6, were
found to be increased 5 years before the
clinical onset of dementia in several studies,

-~ Averaged
— Actual

Time (-7 years before death)

Time

Figure 3 | Fluctuating symptoms in Alzheimer’s disease. a | The
behavioural and psychological problems associated with Alzheimer’s
disease do not show a simple relationship to cognitive decline, but can
show a number of different patterns — a single episode of such prob-
lems, intermittent episodes and persistent behavioural and psycho-
logical problems until death. It is possible that the onset of these
symptoms is associated with systemic inflammation. Instances of sys-
temic inflammation are illustrated schematically by the arrows. b | The
decline in cognitive function in people with Alzheimer’s disease is often

shown as a steady, continuous decline (red line). However, we know that
the decline is in fact highly variable for each individual. The schematic
diagram illustrates how cognition in an individual can vary over time
and how systemic infection at particular times (arrows) might induce
fluctuations in cognition that are sufficiently severe to meet the criteria
for classification as delirium (shaded areas). There is recovery of func-
tion as the infection recedes, but the deficit might not be completely
reversed. Panel a adapted with permission from REF. 82 © (1999) Royal
College of Psychiatrists.
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compared with age-matched individuals
who did not go on to develop dementia””.
Other proposed environmental risk fac-
tors for Alzheimer’s disease, such as type 2
diabetes”, depression” and head injury”,
have all been associated with an increased
systemic inflammatory response.

As described above, sickness behaviour
(BOX 1) is a well-recognized consequence
of various systemic infections and inflam-
matory responses®. All of these symptoms
are commonly present in patients with
Alzheimer’s disease, but apathy is the most
common symptom, with a disease preva-
lence of around 75% (REF. 80); it has also been
shown to be associated with a markedly
increased rate of cognitive decline in these
subjects®'. Few prospective studies have fol-
lowed the natural course of these symptoms
in Alzheimer’s disease but, in keeping with
the hypothesis that they are a consequence
of systemic inflammatory events, they
are largely non-persistent and periodic in
nature, with a highly variable period of dura-
tion® (FIG. 3a).

There is recent evidence to indicate that
symptoms of sickness behaviour precede
cognitive decline, which is an essential
diagnostic feature of Alzheimer’s disease.
In a 6-year prospective population-based
study of dementia, the greatest risk factor,
apart from old age, was the perception of
poor health by the subject. Subjects with no
evidence of cognitive impairment but with
self-perceived poor health were four times
as likely to develop dementia as those with
self-perceived good health®. A recent study,
attempting to identify patients with mild
cognitive impairment who were at increased
risk of cognitive decline, found that 92%
of subjects with mild cognitive impair-
ment, who also had symptoms of apathy,
developed Alzheimer’s disease within 1
year, compared with the 27% of subjects
without apathy®. Apathy, therefore, might
act as an early clinical indicator of elevated
pro-inflammatory cytokines in the CNS in
subjects with chronic neurodegeneration.

Progression of Alzheimer’s disease
Current diagnostic criteria® emphasize the
gradual progression of amnesia and other
cognitive deficits in Alzheimer’s disease,
as opposed to the fluctuating progressive
course of cognitive deficits that is seen in
other neurodegenerative diseases (such

as dementia with Lewy bodies, which are
abnormal cytoplasmic inclusions found in
neurons, vascular dementia and delirium).
However, marked fluctuation in cognitive
performance is also seen in Alzheimer’s

disease (FIG. 3b), and this is evident from a
large number of studies that have examined
cognitive performance over short and long
periods of time®¥. Direct evidence in
humans that systemic inflammatory events
affect Alzheimer’s disease is shown in a
2-month study of subjects with Alzheimer’s
disease, in which systemic infections and
raised plasma levels of IL-1f are both asso-
ciated with an increased rate of cognitive
decline®.

Conclusions

As the population ages, and the number of
individuals with chronic neurodegenera-
tive diseases increases, relatively common
systemic infection and inflammation will
become significant environmental risk
factors for a poor quality of life, with the
potential to increase the prevalence of deva-
stating degenerative diseases. The immune-
system-brain interface is a crucial route for
communication between the brain in health
and disease and the pathogens and toxins
present in our environment. At present,
research on the impact of systemic infection
on chronic neurodegeneration seems to
involve sporadic studies in various disease
models, without mention of similar studies
in other models or in the clinical literature.
Therefore, this field is still in its infancy. A
better understanding of the routes of com-
munication between the peripheral immune
system and the brain, and the mechanisms
by which microglia switch their phenotype,
is essential, if we are to develop strategies

to counteract the consequences of systemic
inflammation on the brain in an ageing
population.
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