
Abstract. Background/Aim: Chlamydia pneumoniae (C.
pneumoniae) is implicated in the pathogenesis of Alzheimer’s
disease (AD). Chlamydial elementary and reticulate bodies
have been identified in tissues from afflicted AD brain regions
by electron and immunoelectron microscopy, whereas similar
tests of non-AD brains were negative for the bacterium.
Studies in mice have shown that C. pneumoniae can rapidly
penetrate the central nervous system by entering glia and
causing beta amyloid deposition via the nerves between the
nasal cavity and the brain, which serve as invasion pathways.
Materials and Methods: We used data from the UK Biobank
(UKBB) to assess the relationship of chlamydia and AD.
Circulating C. pneumoniae antigen measurements were not
available, but UKBB data field 23037 held measurements of
PorB antigen for Chlamydia trachomatis (C. trachomatis).
We used C. trachomatis as a surrogate for C. pneumoniae
since serum cross-reactivity to C. trachomatis and C.
pneumoniae antigens occurs in patients with documented
infection and in healthy children as revealed by
microimmunofluorescence and immunoblotting techniques.
Single nucleotide polymorphism (SNP) data for rs429358 and
rs7412 were used to impute ApoE genotypes. Results: PorB
antigen levels for C. trachomatis were significantly higher in
subjects with AD (p=0.007). PorB antigen levels were not
related to ApoE genotype (e3e3, e3e4, e4e4) p=0.783. To
control for the effects of age, sex, educational level, and apoE
genotype, logistic regression analysis was performed. AD was
the dependent variable. Independent variables were sqrt PorB

antigen for C. trachomatis, age, sex, educational level, apoE
genotype. AD odds ratio (OR) increased 1.156 for each unit
increase of sqrt PorB antigen for C. trachomatis and the
effect was significant (p=0.004). Conclusion: PorB antigens
for C. trachomatis being significantly higher in subjects with
AD, corroborates previous studies demonstrating that C.
pneumoniae inflammation appears to play a role in AD
development. AD may result from the reactivation of
embryologic processes and pathways silenced at birth. A
trigger for the reactivation may be bacterial or viral
infections. Further studies are warranted.

Alzheimer’s disease (AD) is a progressive inflammatory
brain disease that affects over 45 million people worldwide
and is caused by a mix of inherited and environmental
factors that produce brain inflammation, neuronal cell death,
and dementia. Nearly 30 years ago, infectious organisms in
the brain were postulated to have a role in Alzheimer’s
disease (AD). Recently, several new findings have rekindled
interest in the microbial explanation of AD (1). One of these
is the detection of Chlamydia pneumoniae (C. pneumoniae)
in brain tissues of AD patients (2, 3). 
Chlamydial elementary and reticulate bodies have been

identified in tissues from afflicted AD brain regions by
electron and immunoelectron microscopy, whereas similar
tests of non-AD brains were negative for the bacterium. C.
pneumoniae culture tests of a subgroup of afflicted AD brain
tissues were strongly positive, but equivalent investigations
of non-AD brain tissues were negative (4). Transcripts from
two essential C. pneumoniae genes were found in afflicted
areas of AD brains, but not in controls, according to reverse
transcription (RT)-PCR experiments using RNA from affected
areas of AD brains. C. pneumoniae was found in pericytes,
microglia, and astroglia in AD brains but not in controls,
according to a study involving immunohistochemical
investigation (5). Further immunolabelling experiments,
notably in areas of neuropathology in the AD brain, identified
intracellular C. pneumoniae. C. pneumoniae is thus prevalent,
alive, and transcriptionally active in areas of neuropathology
in the AD brain, implying that infection with the organism is
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a risk factor for AD (5). In addition, studies in mice have
shown that C. pneumoniae can rapidly penetrate the central
nervous system by entering glia and causing beta amyloid
deposition via the nerves between the nasal cavity and the
brain, which serve as invasion pathways (6).
In the current study, we used data from the UK Biobank

(UKBB) to assess the relationship of chlamydia and AD.

Materials and Methods
The UKBB is a large prospective observational study of men and
women. Participants have been recruited from across 22 Centers
located throughout England, Wales, and Scotland between 2006 and
2010 and continue to be longitudinally followed for capture of
subsequent health events (7). This methodology resembles that of
the ongoing Framingham Heart Study (8), with the exception that
the UKBB program collects postmortem samples, which
Framingham did not. Our UKBB application was approved as
UKBB project 57245 (S.L., P.H.R.). Our analysis included subjects
with Alzheimer’s disease, designated by ICD10 G30.

Ethics approval. UKBB has approval from the Northwest Multi-
center Research Ethics Committee (MREC), which covers the UK.
It also sought the approval in England and Wales from the Patient
Information Advisory Group (PIAG) for gaining access to
information that would allow it to invite people to participate. PIAG
has since been replaced by the National Information Governance
Board for Health & Social Care (NIGB). In Scotland, UK Biobank
has approval from the Community Health Index Advisory Group
(CHIAG).

UKBB phenotype data are organized in categories that are
divided into data fields. With the search function on the UK
Biobank site (https://www.ukbiobank.ac.uk/) phenotype information
can be located. Information on single nucleotide polymorphisms can
be retrieved from the 24 individual chromosome files, ukb22828.
Sex, age, and education information was obtained from UK Biobank
category 100094, baseline characteristics.

UKBB selected 20 pathogens for a panel of antigen
measurements. The antigens were chosen because they are either
established risk factors for outcomes, such as cancer, and
cardiovascular or neurodegenerative diseases, or are of novel
scientific interest. The final selection of antigens was based on their
known biological functions and/or existing assays (9). 

Circulating C. pneumoniae antigen measurements were not
selected, but UKBB data field 23037 held measurements of PorB
antigen for Chlamydia trachomatis (C. trachomatis). PorB is the
major outer membrane protein from Neisseria meningitidis, a
TLR2/1 ligand, which can significantly increase co-stimulatory
ligand expression and cytokine production in antigen presenting
cells (10). We used C. trachomatis as a surrogate for C. pneumoniae
since serum cross-reactivity to C. trachomatis and C. pneumoniae
antigens occurs in patients with documented infection and in healthy
children by microimmunofluorescence and immunoblotting
techniques (11). Therefore, C. trachomatis measurements can serve
as an acceptable substitute for C. pneumoniae measurements.

Output from the Luminex reader produced quantitative data
expressed in median fluorescence intensity (MFI) values per
pathogen-specific antigen and serum (9). Single nucleotide
polymorphism (SNP) data for rs429358 and rs7412 were used to
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Table I. Demographics of subjects included in the study.

                                                         Control                                 AD

N                                                         9,412                                    17
Age (years)                                       56±8.1                               65±3.5
Sex                                               57% Females                    67% Females
Years of education                          14.6±4.8                            13.5±4.8
Race                                               95% White                       100% White

AD: Alzheimer’s disease.

Table II. Logistic regression with 95% confidence intervals, lower
bound (L.B.), upper bound (U.B.). 

                                     95% L.B.          O.R.         95% U.B.        p-Value

Sex                                   0.205            0.612            1.823             0.379
Age                                  1.110            1.261            1.432            <0.001
Education                        0.906            1.005            1.115             0.922
e3e3 vs. e4e4                  0.017            0.154            1.364             0.093
e3e3 vs. e3e4                  0.084            0.692            5.681             0.732
Sqrt chlamydia                1.048            1.156            1.275             0.004

Dependent variable: Alzheimer’s disease (AD); Independent variables:
sex, age, years education, e3e3 vs. e4e4, e3e3 vs. e3e4, sqrt chlamydia.
Odds ratio (O.R.)=1.156 associated with chlamydia indicates that AD
odds ratio increased 1.156 for each unit increase of sqrt PorB antigen
for Chlamydia trachomatis and the effect was significant (p=0.004).
The overall association of apoE e4 carriers and homozygotes with AD
was significant (p=0.004).

Figure 1. Sqrt PorB antigens Chlamydia trachomatis in subjects without
(no) and with (yes) Alzheimer’s disease (mean+SEM). Number of subjects
in each group above corresponding bar. Output from the Luminex reader
produced quantitative data expressed in median fluorescence intensity
(MFI) values per pathogen-specific antigen and serum.



determine ApoE genotypes (12) since we wished to exclude the
effect of ApoE4 in our analysis. The ApoE4 isoform significantly
increases risk of AD and would confound our results if no
correction were made.

Statistical analysis was performed with the SPSS 26 (IBM,
Armonk, NY, USA) software. Multivariate analysis was performed
with logistic regression.

Results

Demographics of subjects are presented in Table I. We
retrieved porB antigen data from the UKBB data field
23037, field designation blood antigens — biological
samples. To normalize PorB antigen for C. trachomatis
measured values, square root transformation was performed. 
PorB antigen levels versus AD are shown in Figure 1.

Levels are significantly higher in subjects with AD (p=0.007,
two tailed t-test). PorB antigen levels were unrelated to the
ApoE genotype (e3e3, e3e4, e4e4) p=0.783. The lack of
relationship to ApoE genotype is important because genotype
apoE4 increases the risk of AD (13). 
To control for the effects of age, sex, educational level,

and ApoE genotype, logistic regression analysis was
performed. AD was the dependent variable. Independent
variables were sqrt PorB antigen for C. trachomatis, age,
sex, educational level, apoE genotype. Sqrt transformation
of PorB antigen for C. trachomatis was performed to
normalize the values. Results are shown in Table II. AD odds
ratio (OR) increased 1.156 for each unit increase of sqrt
PorB antigen for C. trachomatis and the effect was
significant (p=0.004).  

Discussion

According to our findings, the PorB antigen for C.
trachomatis being significantly higher in subjects with AD,
corroborates previous studies demonstrating that C.
pneumoniae inflammation appears to play a role in AD
development (14). C. pneumoniae has been shown to induce
the production of IL-6 and TNF-alpha, which are
responsible for neuronal death in microglial cells and
astrocytes, as well as the synthesis of IL-1 and IL-8, which
are known to cause neurodegeneration in Alzheimer’s
disease by activating nitric oxide synthase in persistently
infected monocytes (15). Other mechanisms by which C.
pneumoniae may contribute to the development and
progression of AD have been documented (16-19). 
A weakness in our study is that we used PorB antigens for

Chlamydia trachomatis as a surrogate for C. pneumoniae
antigens. Thus, we are not able to say with absolute certainty
that the association of PorB antigens for Chlamydia
trachomatis with AD we identified confirms the previously
documented association of AD with C. pneumoniae. Another
weakness is that C. trachomatis, a sexually transmitted

disease (STD), might have been acquired with other STDs
such as syphilis, and tertiary syphilis could have been
misdiagnosed as AD. We were not able to confirm
interaction of PorB antigen for C. trachomatis and ApoE
isoform, but our sample size was small. An interaction of
PorB antigen for C. trachomatis and ApoE isoform would be
important to confirm since the mechanism whereby ApoE
isoforms change the risk of AD is not understood. AD may
result from reactivation of embryologic processes and
pathways silenced at birth. A trigger for the reactivation may
be bacterial or viral infections (20, 21), such as C.
trachomatis. Further studies are warranted. 
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