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Activated microglia, the resident macrophages of the
brain, are a feature of Alzheimer’s disease. Animal models
suggest that when activated microglia are further activated
by a subsequent systemic infection this results in
significantly raised levels of interleukin 1β within the CNS,
which may in turn potentiate neurodegeneration. This pro-
spective pilot study in Alzheimer’s disease subjects showed
that cognitive function can be impaired for at least two
months after the resolution of a systemic infection and that
cognitive impairment is preceded by raised serum levels of
interleukin 1β. These relations were not confounded by the
presence of any subsequent systemic infection or by base-
line cognitive scores. Further research is needed to
determine whether recurrent systemic infections drive cog-
nitive decline in Alzheimer’s disease subjects through a
cytokine mediated pathway.

It is well recognised that following a systemic infection

patients with Alzheimer’s disease are susceptible to develop-

ing delirium, in which their premorbid cognitive state is

further impaired. This acute on chronic cognitive impairment

is usually short lived (less than two weeks) but in some cases

may be prolonged beyond the episode of acute delirium.1 In

older patients delirium is an independent predictor of

sustained poor cognition at one year follow up2 and of

dementing illness at two years.3 Whether systemic infection

can cause prolonged cognitive impairment in patients with

Alzheimer’s disease when delirium is absent is not known. The

reason why systemic infection, in the absence (or presence) of

a delirium, could cause additional prolonged cognitive impair-

ment in Alzheimer’s disease is also unknown.

The systemic response to infection is accompanied by

increased circulating levels of cytokines such as interleukin 6

and interleukin 1β (IL-1β), though the latter is typically

measurable only in more severe infections.4 We have shown in

an animal model of chronic neurodegeneration in which brain

microglia are activated that a peripheral challenge with endo-

toxin, intended to mimic a peripheral infection, is associated

with increased secretion of IL-1β within the central nervous

system.5 We hypothesised that in Alzheimer’s disease a

systemic infection will act as a potent secondary stimulus to

the brain microglia because these microglia in the Alzheimer’s

disease brain are already “primed” by the presence of β amy-

loid and degenerating neurones. Thus the levels of cytokines

in the brain will become raised, initiating a positive feedback

cycle that gives rise to an increasing accumulation of

pathological changes and cognitive decline that is characteris-

tic of Alzheimer’s disease.6

We anticipated that, even in the absence of delirium,

patients with Alzheimer’s disease would show clinical

evidence of permanent cognitive decline following a systemic

infection. In addition, we hypothesised that the presence of

raised serum concentrations of IL-1β would be associated with

this permanent cognitive decline.

METHODS
Ninety two community dwelling patients, fulfilling NINCDS-

ADRDA diagnostic criteria for Alzheimer’s disease, took part in

the study. Of these, seven had evidence on physical examina-

tion of a current systemic infection at baseline and were

excluded from the study.

The remaining 85 patients, with no evidence of systemic

infection at baseline, were interviewed using the mini-mental

state examination (MMSE), were assessed for the presence of

delirium using the confusion assessment method (CAM),7

and a blood sample was taken. Blood samples were analysed

for IL-1β using a human IL-1β sandwich enzyme linked

immunosorbent assay (ELISA; R&D Systems, Abingdon, UK),

which was carried out with undiluted sera according to the

manufacturer’s instructions. A detailed systematic history was

then taken from the carers of these patients regarding the

presence or absence of systemic infections in the two months

before the baseline examination of the patient.

The patient and main carer were revisited two months later.

The patient was re-examined, looking for evidence of a current

systemic infection, and the CAM and MMSE were repeated.

The main carer was reinterviewed regarding the presence or

absence of any systemic infection in the two month period

between the baseline examination of the patient and the fol-

low up examination.

The relation between cognitive decline and both the

presence of systemic infection in the two month period before

the baseline examination and the presence of detectable IL-1β
levels at baseline was examined using an unpaired t test. Pos-

sible confounding factors for subsequent systemic infection

and the baseline cognitive score were examined using linear

regression analysis.

RESULTS
The mean (SD) age of the 85 patients followed up in the study

was 86.5 (7.8) years; 66 (77%) of them were female. The

patients had a mean MMSE score of 15.9 (6.8) points at base-

line, with a rate of cognitive change of −0.1 (3.3) points over

the two month study period. No patients fulfilled CAM diag-

nostic criteria for delirium at baseline or at follow up

examination.

Fifteen patients (16%) had evidence of a systemic infection

in the two months preceding the baseline examination. These

patients showed a greater rate of cognitive decline over the

two month follow up period when compared with those who

were free of infection in the two months preceding baseline

examination (MMSE decline −1.6 (3.4) v +0.2 (3.1) points;

one tailed t test, p = 0.02).

Sixty five (76%) of the 85 patients and their carers gave per-

mission for blood sampling for cytokine levels at their baseline

examination. Six patients (9%) had detectable blood serum

levels of IL-1β (defined as > 2.5 pg/ml). These patients had an
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increased rate of cognitive decline over the two month study

period compared with those with no detectable levels of IL-1β
(MMSE decline −2.2 (3.6) v +0.4 (3.4) points; one tailed t test,

p = 0.03).

Among the 15 patients who had evidence of a systemic

infection in the two months preceding baseline examination,

there were only three carers who gave permission for blood

sampling for cytokine levels and none of these subjects had

detectable blood serum levels of IL-1β.

Of the 85 patients in the study, 16 (19%) developed a

systemic infection during the two month follow up period. The

presence of a systemic infection during the follow up period

was associated with an increased rate of cognitive decline,

although this did not reach significance (MMSE decline −1.2

(2.6) v + 0.1 (3.3) points; one tailed t test, p = 0.08). Of these

16 patients, five (31%) had a previous infection before baseline

and 11 (69%) had no previous infection before baseline. The

presence of a systemic infection during the follow up period

was not significantly associated with an increased frequency

of infection before baseline examination (33% (5/15) v 14%

(11/70); Fisher’s exact test, p = 0.14). Linear regression analy-

sis showed that the relation between systemic infection in the

two months preceding baseline examination and the raised

serum IL-1β levels associated with an increased rate of cogni-

tive decline was not confounded by the development of a sys-

temic infection over the two month follow up period.

There was no significant difference in the MMSE score at

baseline examination in those patients who had evidence of a

systemic infection before baseline compared with those who

did not (18.2 (6.2) v 15.6 (6.9) points; t test, p = 0.2). However,

there was evidence of a correlation between high MMSE

scores at baseline and an increased rate of cognitive decline—

that is, patients with a high MMSE score at baseline declined

more quickly (Pearson correlation −0.22, p = 0.04). Linear

regression analysis showed that the relation between systemic

infection in the two months preceding the baseline examina-

tion and the raised serum IL-1β levels associated with an

increased rate of cognitive decline was not confounded by

baseline MMSE scores.

DISCUSSION
While every attempt was made to record every episode of

infection, it is recognised that the retrospective diagnosis of

systemic infection in elderly people can be problematic and

some infections may have been missed. In addition, the small

number of patients with a history of infection who also gave

permission for cytokine assays did not enable us to confirm

(or exclude) a relation between systemic infection and

cytokine production.

However, this pilot study shows that both systemic infection

and raised serum IL-1β levels are associated with a greater rate

of cognitive decline in patients with Alzheimer’s disease, and

that the presence of a systemic infection can continue to

impair cognitive performance two months after the resolution

of the infection. These relations did not appear to be

confounded by the presence of a subsequent infection or by

(non-significant) differences in baseline cognitive scores. Fur-

thermore, the cognitive decline found in this study occurred in

the absence of any evidence of delirium.

A longer follow up period is clearly required to examine

whether the cognitive deterioration following a systemic

infection persists. However, this study raises the possibility

that recurrent systemic infection (here present in between

16% and 19% of patients in any two month period) may help

to drive cognitive decline in Alzheimer’s disease through cyto-

kine mediated pathways, and may also provide an explanation

for the protective effects of non-steroidal anti-inflammatory

drugs8 in affected patients.
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