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StJMMARY: Chlamydia pneumoniae is the third species of the genus Chlamydia and has been known to cause

respiratory tract infections. Since the association betweenthe seropositivity of C. pneumoniae and ischemic heart

diseases was reported in I 988, the association between C. pneumoniae and atherosclerosis has been noteworthy･

Positive findings of the association between C. pneumoniae and atherosclerosis have been reported asthe result

of seroepidemiologiCalsurveys, histological studies to detect C. pneumoniae in humanatherosclerotic tissues,
and animal infection models. These data supported that C. pneumoniae infection occurs in human vascular walls

and may accelerate the foam cell formation of macrophage and smooth muscle cells, and may play a causative

role in atherosclerosis. Severallarge-scale studies of the antimicrobial prevention of secondary cardiac events

are in progress. The genome projects for C. pneumoniae have recently been reported. A number of issues remain

unclear, however, and further intensive research is necessary.

1. Introduction

Chlamydia is a small intracellular energy parasite of host

cells and has aunique life cycle betweenanelementary body

and a reticulated b∝ly. Chlamydia is different from a virus

because it has both DNA and RNA and is sensitive to anti一

microbial agents. Three species inthe genus Chlamydia are

known to cause humaninfections. Chhmydia tTlaChonw's causes

trachoma, sexually transmitted diseases, neonatal conJunC-

tivitiS, and infantile pneumonia. Chlamydia psittaci causes

psittacosis. Chlamydia pneumoniae is the third species of the

genus Chlamydia and has been known to cause respiratory

tract infections such as pharyngitis, bronchitis, and atypical

pneumonia since 1985 (1). Since Saikku et al. (2) reported

the association betweenthe seropositivity of C. pneumoniae

and ischemic heart diseases in 1 988, the association between

this unlque bacteria and atherosclerosis has received a great

deal of attention. Although there are many well-known risk

factors such as smoking, hypertension, diabetes mellitus,

hyperlipidemia, and so on, more than 30% of patients with

acute myocardial infarction do not have any known risk
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factors. We need to find another risk factors such as C.

pneumoniae. In this paper, I review recent reportsthat demon-
strated this association.

2. Sennpidemiological sttldies

C. pneumoniae infection is a very common disease at any

age. Seropositive rates against C･ pneumoniae in adult are

over 50% and reach to around 80% in older populations all

over the world (3,4). Atherosclerosis is also a very common

disease in older people, so it seems to us to be very difficult

to find the association between C. pneumoniae infection and

atherosclerosis. However, odds ratios of the seropositivity to

C･ pneumoniae in atherosclerotic diseases such as ischemic

heart disease, stroke,and hypertension were almostthe same,

around 2.,0 (I.6-4.4) in many populalions in the world (2,5-

17). These positive findings were reported in more than 20

papers published in English joumals, while only two papers
reported negative relation ( 18, 19)･ Althoughalmostall of these
studies were carried out in westem countries, Miyashita et

al. (14) have recently reportedthe same positive association

in Japan.

3. Demonstration of C. pneumoniae in atherosclerotic

and non-atherosclerotic tissues

Since Shor et al. (20) reported the presence of C･

pneumoniae in atherosclerotic tissues of the coronary artery
byanelectron microscopy, many researchers have succeeded



in demonstrating C. pneumoniae by immunohistochemistry,

polymerase chain reaction, and isolation in culture (2ト35).

The positive rates of C. pneumoniae in atherosclerotic tissues

Vary, but average approximately 60% (range 33-73%), includ-
lng Ours (25,26)･ These positive findings were appeared in

more than 20 reports published in English joumals, while

only two published papers reported that no C. pneumoniae

was found in atherosclerotic tissues ( 18,36). So far, Only three

groups succeeded in isolating C. pneumoniae by cell culture,

although many researchers have attempted･ Two groups

isolated only one strain, while Maass et al. (35) isolated 1 1

strains (16%) out of 70 atherosclerotic plaques by more than

10 passages, and concluded that the presence of viable C.

pneumoniae in atherosclerotic tissues is a common phenomenon.
C. pneumoniae was also found in non-atherosclerotic tissues;

the positive rate, however, was quite low (37).

4. Invitro infection model

The natural hosts of C. pneumoniae are originally tx31ieved to

tx the epithelialcells of the humanrespiratory tract. However,

recent in vitro data have shown that C. pneumoniae also

infects macrophages, vascular endothelial cells, and smooth

muscle cells, which are the main players in humanatheroscle-

rosis (38-41 ). C. pneumoniae increased cholesterol accumula-

tions in infected macrophages (42,43). These data supported

that C･ pneumoniae infection might ∝cur in human vascular

walls and accelerate the foam cell formation of macrophages

and smooth muscle cells.

5.Animal infection model

So far two animalmodels were used to examinethe associa-

tion tx:tween C. pneumoniae infection and atherosclerosis. One

isanApoE-deficient transgenic mouse (44,45) and the other

a New Zealand White rabbit (46-49). Several researchers

independently reported that C. pneumoniae was found in

atherosclerotic tissues at the initial stage of atherosclerosis

after intranasalinnoculation of C. pneumoniae tothese mice

and rabbits. Atherosclerosis was accelerated by intranasal

infection,andthen progression of atherosclerosis was inhibited

bythe early use of antibiotics. These data supported the

causative role of C. pneumoniae in atherosclerosis in these

animals･ Howeverthe more appropriate animal model, such

as non-human pnmates, should be developed.

6･Antimicrobial prevention of secondary cardiac events

If C. pneumoniae plays a causative role in atherosclerosis

in humans,antibiotics may have a favorable effect in patients

with atherosclerosis, and prevent the secondary attack of

ischemic heart disease･ Two groups independently reported

that macrolideantibiotics significantly reduced the seeondary

cardiac attacks in patients with unstable anglna Or ln male

survivors of myuardial infarction, although the number of

patients studied inthese reports were very small (50,51).
Further researchesare requested in order toanswer the follow-

lng questions;

i) Can macrolide antibiotics really reduce the incidence of

secondary cardiac attacks, even in patients with a low risk of

cardiac attacks?

ii) What is the optimal dose and duration of antimicrobial

treatment?

iii) What is a reliable marker fわr selecting patients fわr antト

microbial treatment and for evaluating the C. pneumoniae-

specific response to the treatment?

iv) Do macrolideantibiotics prevent secondary cardiac attack

by acting agalnSt bacteria other than C･ pneumoniae or by

acting mechanisms other thananti-C. pneumoniae activity?

Several large-scale studies have recently begun in westem

countries to answer the question i). In ACES (Azithromycin

for Prevention of Cardiac Endpoints Study) sponsored by NIH

in USA, 4,(Xのpatients withischemic heart disease are expected

to paticipate in this study. Patients in the treated group will

take azithromycln Weekly for I yearand be monitored regard-

lngthe incidence of cardiac events for the followlng 4 years･

The results will appear in 2003. 1f azithromycln Can prevent

secondary cardiac events, we will obtain another tool for

pI℃Venting one of the most common causes of human mortality

in developed countries.

7. Pathogenesis

There is little data about the pathogenesis of C･ pneumoniae

infection in either respiratory tract infection or in human

atherosclerosis. Although the method fわr establishing clones

of C. pneumoniae has been reported, We cannot yet produce

stable recombinant mutants of C. pneumoniae. Chlamydial

heat shock protein and antigen-mimicity have recently been

targeted (32,52). To confirmthe role of these mechanisms in

the pathogenesis of C. pneumoniae, we need to develop a

reliable method for establishing stable recombinant mutants.

Further intensive research in this field is necessary.

S. Genome project

Two groups independently finished genome projects of C･

pneumoniae. One is the US group of Universityof Califomia,
Berkeley, and used the strain CWL029 isolated from a

patientwithacute pneumomia in AtIanta (53). The other is the
Japanese group of Yamaguchi University School of Medicine

and so on, which used the strain ∫- 1 38 isolated from a patient

with pneumonia in Shimonoseki (54). The genome sizes of

CWL-029 and ∫-138 are 1,230,230 bp and 1,226,570 bp,

respectively. A comparative study of the two strains revealed

that the nucleotide sequence identity was 96- 100% and the

deduced amino acid sequence identity was 88- 100% between

the two strains. Generally speaking, the identification of genes

of the two strainsis highly similar;there were, however, some

differences inthe pmp, transporter,and glucose metabolism-

related genes. These data fromthe genome projects will

contribute to elucidate the pathogenesis of C. pneumoniae

and provide a possible tool fわr preventing and treating C･

pneumoniae infection, such as antimicrobialagentsand vaccines･

Severalresearch institutesand companies have already started

to develop vaccines to C. pneumoniae by uslngthe data of

the genome projects.

9. Conclusion

Only 10 years have passed since the association between

C. pneumoniae and atherosclerosis was first reported. Many

things remain unclear. The odds ratios between hepatitis B

antigen seropositivityand hepatic cancer were more than 1 00,

while the ∝lds ratios tx:tween C. pneumoniae seropositivityand

coronary artery diseases were approximately 2-4･ Therefore, it

is very diWICult to confirm based only on the ser∝pidemiological

data that C. pneumoniae plays a causative or accelerating role
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in the development of atherosclerosis. We need further informa-

tion in addition to the detection of this organism in atheroI

sclerotic tissues, animalinfection models, and antimicrobial

prevention of secondary cardiac events. We can use the whole

genome information from two strains isolated in the US

and Japan. However, in order to determine the role of C.

pneumoniae inthe pathogenesis of atherosclerosis by uslng
the genome information, we need to develop a method for

clonlng Stable recombinant mutants of C･ pneumoniae･ We

need further intensive researches in the future.

REFERENCES

l･ Kuo, C･ C･, Jackson, L A･, Carmpbell, L A. and

Grayston, J･ T･ ( 1 995): ChLamydia pneumoniae CrWAR).

Clin. Microbiol. Rev., 8, 451-461.

2･ Saikku, P.,Leinonen, M., Mattila, K., Ekman, M. R.,
Nieminen, M. S., Makela, P. H., Huttunen, J. and

Vdtonen, V･ (1988): SerologiCalevidence ofanassocia-

tion of a novel Chhzmydia, TWAR, withchronic coronary

heart diseaseand acute myocardialinfarction. hncet,
ⅠⅠ, 983-986.

3･ Wang, S. P. and Grayston, J. T. (1986): Microimmuno-

fluorescence serological studies withthe TWAR organism,

p･329-332･ In Oriel, J･ D･, Ridgway, G･, Schachter, J.,
Taylor-Robinson, D･ and Ward, M. (eds.), Chlamydia
infections･ Cambridge UniversityPress, Cambridge.

4･ Kanamoto, Y., Ouchi, K., Mizui, M., Ushio, M. and

Usui, T･ (1991): Prevalence of antibody to Chlamydia

pneumoniae TWAR in Japan. J. Clin. Microbio1., 29, 8 1 61
818.

5･ Saikku, P.,Leinonen, M., Tenkanen, L. and Huttunen, J.
K･ ( I 992): Chronic Chlamydia pneumoniae infection as

arisk factor for coronary heart disease in Helsinki Heart

Study. Ann. Intem. Med. 1 16, 273-277.

6･ Linnanmaki, E.,Leinonen, M., Mattila, K., Nieminen,
M･ S･, Valtonen, V. and Saikku, P. (1993): Chlamydia

pneumoniae-Specific circulating Immune COmPlexes in

patients withchronic coronary heart diseases. Circula-
tion, 87, 1130-1134.

7･ Thom, D･ H., Wang, S. P., Grayston, J. T., Siscovik, D.

S., Stewart, D. K., Kronmal, R. A. and Weiss, N. S.

( I 991 ): Chlamydia pneumoniae strain TWAR antibody
and anglOrgaphically demonstrated coronary artery

disease. Arterioscler. Thromb., I I , 547-55 I.

8･ Thom, D･ H･, Wang, S･ P･, Grayston, J･ T･, Siscovik,

D･ S･, Wang, S･ P･, Weiss, N･ S･ and Daling, J･ R･

(1992)･'Association of prior infection with Chlamydia
pneumoniae and angl graphically demonstrated coronary

artery disease. JAMA, 268, 68172.

9･ Patel, P･ M･, Mendal, M･ A･, Carrington, D･, Strachan, D･

P･,Leatham, E･, Molineaux, N.,Levy, J., Blackston, C.,
Seymour, C. A., Camm,A. J.and Northfield, T. C. (1995):

Association of Helicobactor pyloriand ChLamydia

pneumoniae infections with coronary heart disease and

cardiovascularrisk factors. Br. Med. J., 311, 711-714.

10･ Mendal1, M. A., Carrington, D., Strachan, D., Patel, P.,

Molineaux, N.,Levi, J., Toosey, T., Camm, A. J. and
Northfield, T. C. (1995): Chlamydia pneumoniae:risk

factors for seropositivity and association with coronary

heart disease. J. Infect., 30, 121-128.

11･ Cook, P･ J･, Honeyboume, D., Lip, G. Y., Beevers, D. G.

and WISe, R. (1995): Chkzmydia pneumoniaeand acute
arterial thrombotic disease. Circulation, 92, 3 148-3149.

12. Dahlen, G. T., Boman, J., Brigander, L S. and Lindblom,

B･(1995): Lp(a) 1iIX)protein, IgG, IgA,and lgManti仙ies

to Chlamydia pneumoniae and HLA class II genotype1n

early coronary artery disease. Athrosclerosis, I 14, 165-

174.

13. Miettinen, H., Lehto, S., Saikku, P., Haffner, S. M.,

Rornemaa, T., Pyorala, K.and h血bo, M.(1996):AsS∝ia-

tion of Chlamydia pneumoniae and acute coronary heart

disease events in non-insuline dependent diabeticand

non-diabetic subjects in Finland. Eur. Heart J., 17, 682-

688.

14. Miyashita, N., Toyota, E., Sawayama, T., Matsumoto,

A., Mikami, Y., Kawai, N., Takeda, K., Niki, Y. and

Matsushima, T. ( 1 998): Association of chronic infection

of Chlamydia pneumoniaeand coronary heart disease in

the Japanese. Intem. Med., 37, 913-916.

15･ Wlmmer, M. L J., Sandmann-Strupp, R., Saikku, P. and
Haberl, R. L. (1996):Association of Chlamydial infec-
tion with cerebrovascular disease. Stroke, 27, 2207-22 10.

16･ Cook, P. J., Lip, G. Y., Davies, P., Beevers, D. G., wise,
R. and Honeyboume, D. ( 1 998): ChLamydiapneumoniae

antibodies in severe essentialhypertension. Hyperten-

sion, 31, 589-594.

17･ Cook, P･ J･, Honeyboume, D., Lip, G. Y., Beevers, D. G.,

WISe, R. and Davies, P. (1998): Chlamydia pneumoniae
antitxxly titers are Slgmificantly ass∝iated with acute stroke

and transient cerebralischemia: the West Birmingham
Stroke Project. Stroke, 29, 404-41 0.

18･ Weiss, S. M., Roblin, P. M., Gaydos, C. A., CummlngS,

D., Patton, D. L., Schulhoff, N., Shani, J., Frankel, R.,

Penney, K･, Quinn, T. C., Hammerschlag, M. R. and

Schachter, J. (1996): Failure to detect Chlamydia

pneumoniae in coronary atheromas of patients underg0-

1ng atherectomy. J. Infect. Dis., 173, 9571962.

19･ Melnick, S.し., Shahar, E., Folsom, A. R., Grayston, ∫.

T., Sortie, P. D., Wang, S.P.and Szkio, M. (1993): Past

infection by Chlamydia pneumoniae strain TWAR and

asymptomatic carotid atherosclerosis. Am. ∫. Mらd., 95,

499-5 04.

20. Shot,A., Kuo, C. C. and Patton, D. L. (1992): Detection

of Chlamydia pneumoniae in coronary arterial fatty

streaks and atheromatousplaques. S. Afr. Med. J., 82,

158-161.

21･ Kuo, C. C., Shor,A., Canpbell, LA., Fukushi, H., Patton,

D･ L and Grayston, J･ T･ (1993)‥ Dem9mstration of

Chlamydia pneumoniae in atherosclerotlC lesions of

coronary arteries. J. Infect. Dig., 167, 841-849.

22. Kuo, C. C., Gown,A. M., Benditt, E. P. and Grayston, J.

T･ ( I 993): Detection of Chlamydia pneumoniaF in aortic

lesionsof atherosclerosis by immunocytochemlCal stain.

Arterioscler. Thromb., 167, 841-849.

23･ Kuo, C･ C･, Grayston, J. T., Campbell, L A., Goo,Y. A.,

Wissler, R. W. and Benditt, E. P. (1995): Chlamydia

pneumoniae CrWAR) in coronary arteries of young adults
(15-34 year old). Proc. Natl. Acad. Sci. USA, 92, 691 1-

6914.

24. Campbell, L A., 0'Brien, R., Cappuccio,A. L., Kuo, C.

C., Wang, A. P., Stewart, D., Patton, D. L., CummlngS,
P. K. and Grayston, J. T. (1995): Detection of Chlamy-

dia pneumoniae TWAR in humancoronary atherectomy

tissues. J. Infect. Dis., 172, 585-588.

25. Ouchi, K., Fujii, B., Kanamoto, Y., Karita, M., Shirai,

M. and Nakazawa, T. ( 1 998): Chlamydia pneumoniae in

coronary and iliac arteries of Japanese patients with

225



atherosclerotic cardiovascular diseases. J. Med.

Microbiol, 47, 907-91 3.

26. Yamashita, K., Ouchi, K., Shirai, M., Gondo, T., Nakamwa,

T. and Ito, H. (1998): Distribution of Chlamydia

pneumoniae infection inthe atherosclerotic carotid artery.
Stroke, 29, 773-778.

27･ Muhlestein, ∫. B., Hammond, 已 H., CarlqulSt, ∫. F,

Radicke, E., Thompson, M. ∫. , Karagounis, L A., Wわods,

M. L and Anderson, ∫.し. (1996): Increased incidence

of Chlamydia species within the coronary arteries of

patients with symptomatic atherosclerotic versus other

forms of cardiovascular disease. J. Am. Colt. Cardio1.,

27, 1555-1561.

28. Blasi, F., Denti, F., Erba, M., Cosentini, R., Raccanelli,

R･, Rinaldi, A., Fagetti,し., Esposito, G., Ruberti, U. and

Allerga, L. ( I 996): Detection of Chlamydia pneumoniae

but not Helicobactorpylori in atherosclerotic plaques of

aortic aneurysms. J. Clin. Microbio1., 34, 2766-2769.

29･ Thomas, M･, Wong, Y., Thomas, D.,Ajaz, M., Tsang, V.,

Gallagher, P. J.and Ward, M. E. (1999): Relation between

direct detection of Chlamydia pneumoniae DNA in

humancoronary arteries at postmortem examination and

histological severity (Stary Grading) of associated

atherosclerotic plaque. Circulation, 99, 2733-2736.

30･ Juvonen, J･, Laurila, A., Juvonen, T., Alakarppa, H.,

Surcel H-M., IJOunatmaa, K., Kuusisto, J.and Saikku, P.

( 1 997): Detection of Chlamydia pneumoniae in human

nonrheumatic stenotic aortic valves. J. Am. Coll. Cardio1. ,

29, 1054-1059.

31･ Davidson, M., Kuo, C. C., Middaugh, J. P., Capmbell,

L A･, Wang, S. P., Newman, W. P., Ill, Finley, J. C. and

Grayston, J. T. ( 1 998): Confirmed previous infection with

Chhzmydia pneumoniae汀WAR)and its presence in early

coronary atherosclerosis. Circulation, 98, 628-633.

32. Kol,A., Sukhova, G. K., Lichtman, A. H. and Libby, P.

(1998): Chlamydial heat sh∝k protein 60 1∝alizes in

human atheroma and regulates macrophage tumor

necrosis factor- aand matrix metalloproteinase expres-

siom Circulation, 98, 300-307.

33. Ramirez, J.A. and the Chlamydia pneumoniae/Athero-

sclerosis Study Group (1996): Isolation of Chlamydia

pneumoniae fromthe coronary artery of a patient with
coronary atherosclerosis. Ann. Intem. Med., 125, 979-

982.

34. Jackson, LA., Campbefl, L A., Kuo, C. C., Rodriguez,

D. I.,Lee, A.and Grayston, J. T. (1997): Isolation of
Chlamydia pneumoniae from a cacrotid endoarterectomy

specimen. J. Infect. Dis., 176, 292-295.

35･ Maass, M., Bartels, C., Engel, P. M., Mamat, U. and

Sievers, H-H. (1998): Endovascular presence of viable

Chlamydia pneumoniae is a common phenomenon in

coronary artery disease. J. Am. Coll. Cardio1., 31, 827-

832.

36･ Jontos, C･ A., Nesseler, A., Waas, W., Baumgartner, W.,

TillmaJuS, H.and HabertDSCh, W. (1998): IDW Prevalence

of Chlamydia pneumoniae in atherectomy specimens

from patients withcoronary heart disease. CIin. Infect.

Dis., 28, 988-992.

37. Ouchi, K., Ftdii, a., Shirai, M., Gondo, T., Ishihara, K.,

Ito, H.and Nakazawa, T. (2∝氾): Detection of ChLamydia

pneumoniae in atherosclerotic tissues and non-athero-
sclerotic tissues. J. Infect. Dis. (in press).

38. Kaukoranta-Tolvanen, SIS., hitinen, K., Saikku, P. and
Leinonen, M. ( I 994): Chlamydia pneumoniae multiples

226

in human endothelial cells in vitro. Microb. Pathog., 16,

313--319.

39. Godzik, K. L., 0'Brien, E. R., Wang, S-K. and Kuo, C･

C. (1995): In vitro susceptibility of human vascular wall

cells to infection with Chlamydia pneumoniae. J. Clin.

Microbio1., 33, 241 1-2414.

40. Gaydos, C. A., Summersgill, J. T., Sahney, N･ N･,
Ramirez, ∫. A. and Quinn, T. C. (1996): Replication of

Chlamydia pneumoniae in vitro in human macrophages,

endothelial cells, and aortic artery smooth muscle cells･

Infect. Immun., 64, 1614-1620.

41. Knoetx:1, E., Vijayagopal, P., Figueroa, J･ E･, ⅠⅠand Martin,

D. H. (1997): In vitro infection of smooth muscle cells

by Chlamydia pneumoniae. Infect. Immun･ , 65, 5031506･

42. Kalayoglu, M. V and Byme, G. I. (1998): Induction of

macrophage foam cell formation by Chlamydia

pneumoniae. J. Infect. Dis., 177, 725-729.
43. Kalayoglu, M. V. and Byme, G. I. (1998): A Chlamydia

pneumoniae component that induces macrophage foam

cell formation is chlamydial lipopolysaccharide. Infect.

Immun., 66, 5067-5072.

44. Moazed, T. C., Kuo, C. C., Grayston, J. T.and Campbell,

L A. (1997): Murine models of Chlamydia pneumoniae

infection and atherosclerosis. J. Infect. Dis., 175, 883-

890.

45. Moazed, T. C., Campbell, L A, Rosenfeld, M. E.,

Grayston, J. T. and Kuo, C. C. (1999): Chlamydia

pneumoniae infection accelerates the progression of

atherosclerosis in apolipoprotein E-deficient mice･ J･

Infect. Dis., 180, 2381241.

46. Muhlestein, J. B.,Anderson, J. L., Hammond, E. H., Zhao,

L., Trehan, S., Schwabe, E. P. and Carlquist, J. F. (1998):

Infection with Chlamydia pneumoniae accelerates the

development of atherosclerosis and treatment with

azithromycln Prevents it in a rabbit model･ Circulation,

97, 633-636.

47. Pong, I. W, Chiu, B., Viira, E., Pong, M. W, ユang, D･

and Mahony, J. B. (1997): Rabbit model for Chlamydia

pneumoniae infection. J. Clin. Microbio1., 35, 48-52･
48. I.aitinen, K., buri1a, A., Pyhala, L.,Leinonen, M. and

Saikku, P. (1997): Chlamydia pneumoniae infection

induces innammatory changes in the aortas of rabbits.

Infect. Immun., 65, 4832-4835.

49. Fon岩, Ⅰ.W, Chiu, B., Viira, E., Jang, D. and Mahony, J･

B. (1999): De novo induction of atherosclerosis by

Chlamydia pneumoniae in a rabbit m∝lel. InfectJmmun･ ,

67, 6048-6055.

50. Gupta, S.,Leatham, E. W., Carrington, D･, Mendall, M･
A., Kaski, J. C. and Camm, A. J. (1997): Chlamydia

pneumoniae antibodies, cardiovascular events, and

azithromycln in male suⅣivors of my∝ardial i血tion･

Circulation, 96, 404-407.

51. Gurfinkel, E., Bozovich, G., Daroca, A., Beck, E. and

Mautner, B. for ROXIS Study Group (1997): Random-

ized trial of roxithromycin in non-Q wave coronary

syndromes: ROXIS pilot study･ Lancet, 350, 404-407･

52. Bachmaier, K., Neu, N., Maza, LM., Pal, S., Hessel,A.

and Penninger, J. M. (1999): Chlamydia infections and

heart disease linked throughantigenic mimicity. Science,
283, 1335-1338.

53. Kalman, S., Mitchell, W., Marathe, R., IAmmel, C., Fan,
J., Hyman, R. W., OIinger, L, Grimwood, J･, Davis, R･W･

and Stephens, R. S. (1999): Comparative genomes of

Chlamydia pneumoniae and C･ tracho〝∽Eis･ Nature



Genetics, 21, 385-389.

54. Shirai, M., Hirakawa, H., Ouchi, K., Kimoto, M.,

Tabuchi, M., Kishi, F., Nishida, J., Shibata, K., Takeuchi,

A., Fujinaga, R., Matsushima, H., Tanaka, C., Furukawa,

S., Miura, K., Nakazawa, A., Ishii, K., Shiba, T., Hattori,

S., Kuhara, T. and Nakazawa, T. (2000): Identification

of a vahety of genes encoding membrane proteins by

whole genome sequence comparison of two isolates of

Chlamydia pneumoniae from Japan and US. J･ Infect･

Dis. (in press).

227


