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Chapterr 9 

Chlamydiaa pneumoniae and cerebral white matter lesions 
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Abstract t 
Background:: Chlamydia pneumoniae has been associated with coronary and carotid artery 
disease.. Whether Cpneumoniae has a role in the pathogenesis of cerebral white matter lesions 
(WML)) remains to be elucidated. 
Methods:: We measured IgG and IgA antibodies to chlamydial lipopolysaccharide (cLPS Ab) 
andd registered deep white matter lesions (DWML) and periventricular lesions (PVL) on MRI 
inn a cohort of patients with symptomatic atherosclerotic disease. The relation between cLPS 
Abb and the presence of WML was explored. 
Results:: We studied 217 patients of which 45% and 69% had positive chlamydia IgA and IgG 
respectively.. DWML, but not PVL, were more frequent among patients with chlamydia IgA 
comparedd to those without (IgA- 21% versus IgA+ 33% p=0.05, OR 1.8 (1.0 - 3.4)). The 
prevalencee of PVL and DWML was clearly higher in patients with intermediate or high 
antibodyy titers (> 300 U/L). In a multivariate analysis IgA > 300 U/L was independently 
associatedd with DWML (OR 3.50, 95%CI 1.43-8.60, p<0.01), whereas IgG > 300 U/L was 
independentlyy associated with PVL (OR 2.24 95%CI 1.03-4.85, p=0.04). 
Conclusions:: We observed an association between the presence of cLPS Ab and WML in a 
cohortt of patients with manifest atherosclerotic disease. These results suggest that C. 
pneumoniaepneumoniae plays a role in the pathogenesis of WML. 
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Introduction n 
Deepp white matter lesions (DWML) and periventricular lesions (PVL) are generally 

regardedd as manifestations of cerebral small vessel disease (SVD)1. Cerebral white matter 
lesionss are asymptomatic in many cases, but their presence has been associated with cognitive 
decline,, dysarthria and gait disturbances2"6. Cerebral small vessel disease is characterized by 
structurall  alterations of the walls of cerebral arterioles with initial hypertrophy of the medial 
smoothh muscle layer, which is subsequently replaced by extracellular matrix and plasma 
proteins6.. Although these pathological changes are well defined, there is considerable 
confusionn about the pathogenesis. 

Hypertensionn and increasing age are generally believed to be the main risk factors for white 
matterr lesions3,7"9. However, many patients with white matter lesions do not have 
hypertension.. Which other factors contribute to the formation of white matter lesions is less 
clear.. Diabetes, hyperinsulinism, endothelial changes, altered coagulation factors, changes in 
diurnall  blood pressure and polymorphisms of apo E, angiotensinogen and paraoxonase 1 have 
beenn suggested, but the number of studies is limited ' ' " . 

Atherosclerosis,, the underlying condition leading to "large vessel disease", is an 
inflammatoryy process18. The role of inflammatory processes in SVD is unclear. Fibrinogen 
andd complement factors have been identified in astroglia of SVD lesions19, and fibrinogen 
concentration,, which is a marker of IL-6 mediated inflammation, has been associated with 
SVDD in a population-based study3. In another study no relationship between fibrinogen and 
whitee matter lesions was detected20. Whether inflammation in patients with SVD may be 
causedd by infectious agents remains to be elucidated. 

ChlamydiaChlamydia pneumoniae, a common pathogen causing respiratory tract infections, has been 
associatedd with coronary and carotid artery disease (e.g. large vessel disease). In clinical 
studiess an association between C pneumoniae serology and myocardial infarction and 
ischemicc stroke was observed21" . The microorganism has been detected repeatedly in 
atheroscleroticc tissue24,25. In animal models an atherogenic effect of Cpneumoniae has been 
described26,27.. Some reports suggested that treatment with antibiotics may be useful in patients 
withh acute coronary syndromes. 9. However, the role of Cpneumoniae in atherosclerosis 
remainss controversial since in other well designed epidemiological and clinical studies the 
relationhipp between C pneumoniae and cardiovascular disease could not be confirmed ' . As 
farr as we know, there are no studies in which an association between Cpneumoniae and white 
matterr lesions was observed. 

Too investigate a possible relationship between C pneumoniae and white matter lesions we 
determinedd C pneumoniae serology and assessed white matter lesions in a cohort of patients 
withh established atherosclerotic disease. 

Methods s 
Patients s 

Consecutivee patients with clinical manifestations of atherosclerosis were recruited in two 
teachingg hospitals and classified according to the presenting event: myocardial infarction, 
ischemicc stroke or peripheral arterial disease. Only patients with a recent onset of myocardial 
infarctionn (< 1 month) or ischemic stroke (< 6 months) were included. Myocardial infarction 
wass defined as typical chest pain for more than 20 minutes in combination with laboratory- or 
ECGG findings consistent with myocardial infarction. Ischemic stroke was defined as acute 
neurologicc deficit persisting at least one week. Intracerebral hemorrhage was ruled out by an 
earlyy CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status (current and past), hypertension (defined as a 
diastolicc blood pressure of 95 mmHg or higher or current treatment), and 
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hypercholesterolemiaa (defined as a total plasma cholesterol level of 7 mmol/L or higher or 
currentt treatment) were registered. Presence of diabetes mellituss was registered. Patients 
providedd peripheral venous blood samples. Homocysteine, lipoprotein(a) and lipid 
concentrationss were determined. B-mode ultrasound intima-media thickness (IMT) 
measurementt was performed. The mean IMT value of three carotid artery (internal carotid, 
bulbb and common carotid artery) and two femoral artery (common femoral and superficial 
femorall  artery) segments on both sides was used for analysis32. Laboratory analysis and IMT 
measurementt were performed without knowledge of clinical data. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 

Magneticc Resonance Imaging 
Magneticc Resonance Imaging (MRI) was performed with a 1.5 Tesla Siemens Magnetom 

633 SP/4000 (Siemens AG, Erlangen, Germany). Five millimeter transversal images were 
obtainedd with a Tl-weighted (Tl W-SE), and a combined proton density weighted (PDW-SE) 
andd a T2-weighted (T2W-SE) spin echo sequence. At the same levels transversal images were 
madee with a T2W-gradient echo FLASH 2D sequence. Two investigators independently 
assessedd the MRI scans without knowledge of clinical or laboratory data. Deep white matter 
lesionss and periventricular lesions were assessed on the T2W-SE and PDW-SE images 
accordingg to an adapted version of the scoring system of Fazekas et al33,34. Hyperintensities 
limitedd to small caps and thin linings along the ventricles were considered normal. All other 
hyperintensee lesions in the hemispheric white matter were considered abnormal. The 
interobserverr variability of this scoring system ranges from poor to reasonable (kappa 0.35 -
0.74)35.. We considered a MRI to be abnormal only when both observers reached consensus. 

Chlamydia-specificc LPS serology 
Chlamydiaa specific IgG-, and IgA antibodies were detected by a recombinant DNA 

Lipopolysaccharidee ELISA (rDNA-LPS-ELISA; Medac GmbH, Hamburg, Germany). This 
ELISAA include a chemically pure structure of a recombinant LPS which contains a genus-
specificc epitope of the human pathogens Chlamydia spp.36'3*. Each serum sample was mixed 
thoroughlyy prior to processing according to the manufacturers instructions. Initial serum 
dilutionss for IgG, and IgA were 1/100 and 1/50, respectively. Sera with OD values exceeding 
2.55 were retested using a 1/4 predilution. A two-fold serially diluted standard serum was used 
too calculate the log2 titer of the patients samples. The IgG- and IgA cutoff values were 
calculatedd as prescribed by the manufacturer. The prevalence of Chlamydia-specific IgG- and 
IgAA antibodies was based on the following criterium: >= calculated cutoff x 1.1039'40. We 
definedd strata according to antibody titers: 1. < 100 U/L: no antibody detectable, 2. 100 - 299 
U/L:: low antibody titer, 3. 300 - 599 U/L: intermediate antibody titer, 4. > 600 U/L: high 
antibodyy titer. 

Statisticall  analysis 
Al ll  calculations were performed with Statistical Package for the Social Science (version 

10.0).. Prevalences were compared using chi-square tests. To compare continuous variables 
Students'' t test and Mann Whitney U test were used when applicable. For the comparison of 
whitee matter lesions between the four strata according to chlamydia antibody titer (absent, 
low,, intermediate, high) chi-square test with a linear-by-linear association test (for trend) was 
used.. To determine which factors were independently associated with the presence or absence 
off  white matter lesions a multivariate logistic regression analysis was performed. All relevant 
variabless with a p value <0.10 in the univariate analysis were selected for the multivariate 
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model.. Odds ratio's and 95% confidence intervals were calculated. A p value <0.05 was 
regardedd as statistically significant. 

Results s 
Patientss and chlamydial serology 

2177 patients were included in the study: 64 patients had a recent ischemic stroke (IS), 69 
patientss had a recent myocardial infarction (MI), whereas 84 patients had peripheral arterial 
diseasee (PAD). The mean age of the 217 patients was 62 years at entry. Patient characteristics 
aree described in Table 1. 

988 patients (45%) had IgA antibodies to chlamydial LPS (chlamydia IgA), 66 patients had 
loww chlamydia IgA titers, 23 had intermediate and 9 had high chlamydia IgA titers. 149 
patientss (69%) had IgG antibodies to chlamydial LPS (chlamydia IgG), 89 patients had low 
chlamydiaa IgG titers, whereas 38 had intermediate and 22 had high chlamydia IgG titers. 
Patientt characteristics were similar among patients with positive or negative chlamydia 
serologyy (Table 1). The prevalence of chlamydia IgA and IgG antibodies was similar in 
patientss with IS, MI or PAD at entry of the study (chlamydia IgA: IS 42%, MI 39%, PAD 
52%% p=0.22, and chlamydia IgG: IS 66%, MI 68%, PAD 71% p=0.75). 

Tablee 1 Patient characteristics: all patients and according to chlamydia antibody titer 

Alll  patients IgG - IgG + 

nn 217 68 149 

agee (years) 62 62 62 

malee (%) 69 63 72 

smokingg (%) 86 84 87 

diabetess (%) 11 12 11 

hypertensionn (%) 40 41 40 

totall  cholesterol (mmol/1) 6.2 6.4 6.1 

LDLL (mmol/1) 4.1 4.2 4.1 

HDLL (mmol/1) 1.14 1.18 1.11 

triglyceridess (mmol/1) 1.7 1.6 1.8 

homocysteinee (umol/1) 15.0 13.9 15.2 

lipoproteinn (a) (mg/dl) 12 16 11 

Mediann values of laboratory variables are depicted. No statistically significant differences were observed. 

Deepp white matter lesions and periventricular lesions 
577 of the 217 patients (26%) had DWML on the MRI scan, whereas 71 (33%) had PVL. 

Thee distribution of cardiovascular risk factors among patients with or without signs of SVD is 
depictedd in Table 2. Patients with DWML and PVL were older, had a lower frequency of 
smokingg (current and/or past), and higher IMT values than patients without. In addition, 
amongg patients with PVL higher homocysteine concentrations and a higher prevalence of 
hypertensionn were observed (Table 2). 

Relationshipp between deep white matter lesions and chlamydia serology 
Inn 25 of the 119 patients without chlamydia IgA antibodies DWML were observed, 

whereass 32 of the 98 patients with chlamydia IgA had DWML (21% versus 33%, OR 1.8, 
95%CII  1.0 - 3.4, p=0.05). No association between the presence of chlamydia IgA and PVL 

IgA--

119 9 

62 2 

68 8 

84 4 

14 4 

39 9 

6.2 2 

4.1 1 

1.17 7 

1.6 6 

15.0 0 

13 3 

IgAA + 

98 8 

61 1 

70 0 

88 8 

7 7 

41 1 

6.2 2 

4.1 1 

1.09 9 

1.7 7 

15.1 1 

11 1 
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Tablee 2 Patient characteristics according to presence or absence of DWML and PVL 

DWMLL absent present PVLabsent present 

nn 160 57 

agee (years) 60 68 % 

malee (%) 71 65 

smokingg (%) 89 77 * 

diabetess (%) 11 12 

hypertensionn (%) 37 49 

totall  cholesterol (mmol/1) 6.2 5.9 

LDLL (mmol/1) 4.1 4.0 

HDLL (mmol/1) 1.14 1.09 

triglyceridess (mmol/1) 1.6 1.9 

homocysteinee (nmol/1) 14.9 15.1 

lipoprotein(a)) (mg/dl) 11 15 

IMTT (mm) 0.91 1.11 J 

146 6 

58 8 

72 2 

90 0 

10 0 

32 2 

6.3 3 

4.3 3 

1.14 4 

1.7 7 

14.1 1 

11 1 

0.91 1 

71 1 

69$ $ 

63 3 

77* * 

13 3 

588 § 

5.9 9 

3.88 t 
1.11 1 

1.6 6 

16.00 t 
16 6 

1.066 J 

Mediann values of laboratory variables, and mean IMT values are depicted. 
**  x2 P<0.05, f Mann Whitney U test p<0.01, J Students T test pO.001, § x2p<0.001 

Tablee 3 Prevalence of white matter lesions in patients with or without chlamydia antibodies 

IgA A negative e positive e 

DWML L 

PVL L 

IgG G 

DWML L 

PVL L 

21 1 

(25/119) ) 

31 1 

(37/119) ) 

negative e 

22 2 

(15/68) ) 

31 1 

(21/68) ) 

333 * 

(32/98) ) 

35 5 

(34/98) ) 

positive e 

28 8 

(42/149) ) 

34 4 

(42/149) ) 

Prevalencess in %, absolute numbers between brackets. * X p=0.05 

wass observed. The prevalence of DWML and PVL in patients with or without chlamydia IgG 
wass similar (Table 3). 

Subsequently,, we determined the prevalences according to chlamydia antibody titers 
(absent,, low, intermediate or high; Tablee 4). We noted higher prevalences of DWML and 
PVLL in patients with intermediate and high titers than inn patients with absent or low titers. 
Thesee differences were statistically significant for chlamydia IgA and PVL (p=0.03), 
chlamydiaa IgG and PVL (p=0.03), and at the borderline of statistical significance for 
chlamydiaa IgA and DWML (p=0.05) although there was a a clear trend (p for trend <0.01). 

Too determine whether the observed differences were not attributable to other factors 
associatedd with DWML and PVL, such as hypertension and age, we performed multivariate 
logisticc regression analyses with DWML and PVL as dependent variables. We entered the 
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Tablee 4 Prevalences of white matter lesions in strata according to cLPS antibody titer 

IgA A negative e 

DWML L 

PVL L 

IgG G 

DWML L 

PVL L 

21 1 

(21/119) ) 

31 1 

(37/119) ) 

negative e 

21 1 

(15/70) ) 

30 0 

(21/70) ) 

27 7 

(18/66) ) 

29 9 

(19/66) ) 

L L 

24 4 

(21/87) ) 

25 5 

(22/87) ) 

39 9 

(9/23) ) 

35 5 

(8/23) ) 

I I 

34 4 

(13/38) ) 

53 3 

(20/38) ) 

566 * 

(5/9) ) 

788 t 

(7/9) ) 

H H 

36 6 

(8/22) ) 

366 f 

(8/22) ) 

Prevalencess in %, absolute numbers between brackets, comparison of prevalences among the four patient groups. 
**  5C2 P=0-05, p for trend <0.01. | %2 p<0.05 

presencee of chlamydia antibodies > 300 U/L, which is the same as intermediate or high titers 
ass defined before, into the model. Univariate analysis for DWML selected age, hypertension, 
chlamydiaa IgA > 300 U/L, chlamydia IgG > 300 U/L, IMT, and smoking as factors associated 
withh DWML. In the multivariate model chlamydia IgA > 3000 U/L remained independently 
associatedd with the presence of DWML (OR 3.50, 95%CI 1.43-8.60, pO.01), as well as age 
(ORR 1.05, 95%CI 1.01-1.09, p=0.01), IMT (OR 12.3, 95%CI 2.67-56.4, pO.01) and smoking 
(ORR 0.33 95%CI 0.12-0.89, p=0.03). 

Age,, hypertension, chlamydia IgA > 300 U/L, chlamydia IgG > 300 U/L, IMT, smoking 
andd homocysteine were associated with PVL in the univariate analysis. In the multivariate 
analysiss chlamydia IgG > 300 U/L (OR 2.24 95%CI 1.03-4.85, p=0.04), age (OR 1.11 95%CI 
1.07-1.15,, p<0.001) and hypertension (OR 3.12 95%CI 1.52-6.40, p=0.02) were 
independentlyy associated with PVL. 

Wee repeated the analysis with the presence of chlamydia antibodies (low, intermediate or 
high)) as independent factors. In the multivariate model with DWML as dependent variable 
chlamydiaa IgA remained a factor on the borderline of statistical significance. In univariate 
analysiss no clear association between the presence of chlamydia antibodies and PVL could be 
detected.. We did not proceed with a multivariate analysis. 

Discussion n 
Wee observed an association between the presence of antibodies to chlamydial LPS and 

whitee matter lesions, both DWML or PVL, in a cohort of patients with clinically manifest 
atherosclerosis.. This association was particularly clear when we used a higher cut-off value, > 
3000 U/L, both for IgA and IgG. In multivariate regression analyses the associations remained 
statisticallyy significant, and independent of factors such as hypertension and age, which are 
regardedd important factors in the pathogenesis of cerebral white matter lesions. No other 
studiess in which an association between chlamydial serology and cerebral white matter 
lesionss is described have been published to date. 

Thee observed association suggests that there may be a causal role for Cpneumoniae in 
cerebrall  small vessel disease. The precise mechanism is unknown, but several hypotheses 
arise.. The presence of Cpneumoniae in the cerebral arteriolar vessel wall is conceivable since 
systemicc dissemination of C pneumoniae by infected pulmonary macrophages is possible and 
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thee microorganism has been detected repeatedly in arterial wall tissue of patients with 
atheroscleroticc large vessel disease24'25' \ In vitro, C pneumoniae is able to multiply in 
endotheliall  cells, macrophages and smooth muscle cells. Infection of endothelial cells and 
vascularr smooth muscle cells has been associated with NF-KB activation, tissue factor, 
interleukinn 6, basic fibroblast growth factor and PAI-1 production and expression of adhesion 
molecules42"44.. cDNA array analysis of endothelial cells infected with C pneumoniae showed 
thatt genes for cytokines, chemokines and cellular growth factors were the most prominently 
upregulated45.. Chlamydia heat-shock protein 60 may regulate local macrophage TNF-oc 
production46.. It can be assumed that chlamydial infection of endothelial cells and smooth 
musclee cells of cerebral arterioles leads to local cytokine and growth factor production and 
therebyy increased media thickness of these arterioles. However, an indirect effect of infection 
withh Cpneumoniae on cerebral arterioles is also conceivable. Increased concentrations of C 
reactivee protein and cytokines have been associated with infection with the microorganism47" 

.. Cytokines and C reactive protein may induce the typical changes in the cerebral arteriolar 
vessell  wall51'52. 

Ourr study has certain limitations. First, we studied the relationship between Cpneumoniae 
andd white matter lesions in a cohort of patients with established atherosclerotic disease. We 
cann only speculate about the association between Cpneumoniae and white matter lesions in 
thee general population. Assuming that C pneumoniae is a risk factor for atherosclerosis, the 
associationn in the general (elderly) population may even be stronger. Second, our study is a 
relativelyy small cross-sectional study. Larger prospective studies need to be performed to 
confirmm our results. 

Anotherr issue is the assay we used to detect Cpneumoniae. In most studies of C 
pneumoniaepneumoniae and atherosclerotic disease the microimmunofluorescence test was used. The 
microimmunofluorescencee test is reported to be species specific, but the reading of 
fluorescencee patterns is subjective, and requires experience and skill. In earlier studies we 
foundd that with age the serologic diagnosis of acute C pneumoniae infection observed by 
microimmunofluorescencee becomes increasingly prone to false positive results. In this study, 
wee used the rDNA-LPS-ELISA to detect antibodies to Cpneumoniae. This test utilizes a 
chemicallyy pure chlamydial LPS developed by recombinant DNA technique, is objective and 
moree sensitive than MIF in detecting new Cpneumoniae infections 39,4°. 

Inn the next decades the number of elderly persons will increase in many countries. White 
matterr lesions are common in elderly individuals, especially those with atherosclerotic 
disease,, and lead to cognitive decline. Thus a treatment to prevent these lesions seems highly 
desirable.. Hypertension is the only established modifiable risk factor at this stage, but many 
patientss with white matter lesions are normotensive. Further basic and clinical studies on 
pathogeneticc factors involved in cerebral white matter lesions are essential in the search for 
strategiess to prevent cognitive decline. 
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