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Chlarnydial Infections of the Heart 

M. Odeh*,  A. Oliven 

Chlamydiae are common human pathogens, causing a broad spectrum of infectious 
diseases. Chlamydial infections involving the heart have been described in numerous 
previous reports. These organisms are documented to cause endocarditis, myocarditis 
and pericarditis. Furthermore, Chlamydia pneumoniae, the recently discovered 
respiratory pathogen, has also been implicated in coronary artery disease. For the first 
time the literature on involvement of the heart in clflamydial infections is reviewed. In- 
formation on the discovery of  Chlamydia species is also included and the problem of  
the species determination of Chlaraydia in interpretation of  the older literature is 
mentioned. 

The chlamydiae are members of a genus of 
obligate, intracellular, gram-negative bacteria 
which are distinguished from all other bacteria by 
a unique growth cycle. They are placed in their 
own order Chlamydiales, in the family 
Chlamydiaceai, with a single genus Chlamydia 
(1). Until recently the genus Chlamydia was 
recognised to contain two species, Chlamydia 
psittaci and Chlamydia trachomatis. Chlamydia 
psittaci is widely distributed in nature, causing 
genital, conjunctival, intestinal and respiratory 
infections in many mammalian and avian species 
(2). Psittacosis was first described in Switzerland 
by Ritter in 1879, who described several cases of 
unusual pneumonia associated with exposure to 
tropical birds. Morange in Paris, investigated an 
outbreak in 1894 and concluded that the parrots 
were the source of infection (3). The pandemic of 
1929-1930 brought worldwide attention to the 
disease because of the high fatality rates of ap- 
proximately 20 % seen in the preantibiotic era 
(4). Bedson isolated the filtrable agent from 
human and avian tissues in 1930 while investigat- 
ing an epidemic at the London Zoo (3). 

Human psittacosis is a zoonosis, usually con- 
tracted from exposure to an infected avian 
species. Psittacine birds are considered to be the 
major reservoir, but human cases have been as- 
sociated with canaries, pigeons, sparrows, ducks, 
cockatiels and many Other birds (1, 3). Close or 
prolonged contact with birds is not necessary for 
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the acquisition of infection. Indeed, cases have 
been described where the patient contact with an 
infected bird, or with an environment in which an 
infected bird had been present previously, was 
only momentary (3). Chlamydia psittaci is also 
common in domestic mammals. Although human 
chlamydial infections resulting from exposure to 
infected domestic mammals are known to occur 
(5-7), they seem to be relatively uncommon. 
Human-to-human transmission has also been 
described, however such transmission is rare and 
is said to result in more severe disease (3). 

Chlamydi a trachomatis is exclusively a human 
pathogen. Intracytoplasmic inclusions charac- 
teristic of Chlamydia trachomatis infections were 
described for the first time in 1909 and in 1910 
epithelial inclusions were found in the cervix of 
the mother of an infant with typical inclusion con- 
junctivitis (8). Chlamydia trachomatis was not iso- 
lated until 1957, when Chinese workers recovered 
the organism by inoculating conjunctival scrap- 
ings from trachoma patients into the yolk sac of 
embryonated hens' eggs (9). Improved labora- 
tory methods, particularly tissue culture isolation 
techniques, were introduced in 1965 (10), and the 
microimmunofluorescent method for detection 
of antibodies to Chlamydia trachomatis and for 
immunotyping was introduced in 1970 (11). 

This organism has been implicated as an etiologic 
agent in an increasing number of human diseases. 
The trachoma biotype strains (immunotypes A- 
K) cause trachoma and a wide range of sexually 
transmitted diseases (1, 2, 12, 13), and the LGV 
biotype strains cause lymphogranuloma 
venereum (1, 2). Other infections in adults 
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reported to be caused by Chlamydia trachomatis, 
albeit rarely, are meningoencephalitis (14) and 
pneumonitis (15, 16). However, most of the 
evidence associating Chlamydia trachomatis with 
adult pneumonitis was based on serological tests 
and it is now thought that these were measuring 
cross-reacting antibodies to Chlamydia pneu- 
moniae (17, 18). The organism is the leading 
cause of neonatal conjunctivitis (19). Ap- 
proximately 60 % of infants exposed to 
Chlarnydia trachomatis during birth contract the 
infection (20). Approximately one in three ex- 
posed infants develops conjunctivitis, and one in 
six develops pneumonia (1). Chlamydia pneu- 
monia probably reflects descending infection, 
and bronchiolitis can also occur (1,21). 

A third species of Chlamydia, Chlamydia pneu- 
moniae (TWAR), was identified recently (22). 
Studies have shown that the organism differs in a 
number of respects from Chlarnydia trachomatis 
and Chlamydia psittaci (23-28). TWAR is a strain 
name derived from the laboratory designation of 
the first two isolates TW-183 and AR-39 (22). 
Since then, several strains of Chlamydia pneu- 
moniae showing antigenic variation have been 
identified (18). Laboratory diagnosis is based on 
isolation of the organism and serological findings, 
and all evidence suggests that TWAR is a primary 
human pathogen that is transmitted from human 
to human without a bird or animal reservoir (29, 
30). 

Evidence that Chlamydia pneumoniae is respon- 
sible for a significant proportion of respiratory 
tract infections has been accumulating over the 
last few years. Isolation of the TWAR organism 
and serologic evidence of recent Chlamydia 
pneumoniae infection has most commonly been 
found in patients with pneumonia (31). However, 
the organism has also been associated with 
bronchitis, pharyngitis and sinusitis (28, 30, 31). 
Chlamydia pneumoniae infection may be either a 
first infection or a reinfection. A febrile illness 
without local signs has been also associated with 
Chlamydia pneumoniae infection (22). The 
results of the microimmunofluorescence test to 
detect antibody are accepted as indicating 
Chlamydia pneumoniae infection (28, 30, 31). 

The prevalence of antibodies to Chlamydiapneu- 
moniae increases with age, and is about 50 % in 
middle-aged adults through the world (20). Es- 
timates from antibody prevalence data indicate 
that every person will experience at least one 
Chlamydia pneumoniae infection during his 

lifetime (22, 32), and that reinfection with 
Chlamydia pneumoniae is common. 

Chlamydial infections involving the heart have 
been described in numerous previous reports. Al- 
though many of these reports are circumstantial, 
findings in several recent studies provide 
evidence of this association. These organisms 
may cause endocarditis, myocarditis and pericar- 
ditis. Furthermore, Chlamydia pneumoniae may 
also be associated with coronary artery disease, 

We review for the first time the literature dealing 
with cardiac involvement associated with 
chlamydial infections. However, in older studies 
the species determination for Chlamydia is im- 
precise (1, 8, 17, 18, 33, 34). Although it is now 
recognised that the complement fixation test 
measures antibodies common to all chlamydiai 
species (3, 8, 29, 31) as all these species have a 
common genus-specific group antigen, which is 
the basis of the complement fixation test, in older 
studies this test was used in the belief that it 
measured only antibodies to Chlamydia psittaci. 
Likewise, a positive Frei test, a skin test per- 
formed with tissue culture antigen injected in- 
tracutaneously and read in much in the same 
manner as a tuberculin test, was interpreted to in- 
dicate lymphogranuloma venereum (35). Nowa- 
days this test is known to measure mainly hyper- 
sensitivity to the lipopolysaccharide antigen com- 
mon to all three chlamydiat species, and does thus 
not distinguish the causative chlamydial species 
(8). Similarly, the inclusion immunoperoxidase 
and immunofluorescence tests measure cross- 
reacting antibodies and do not reliably differen- 
tiate between the three chlamydial species (1,3, 8, 
31). 

Chlamydiae and Endocarditis 

It is well recognised that Chlamydia psittaci is a 
pathogen in cardiovascular disease, numerous 
reports indicating that in addition to endocarditis 
it may also cause myocarditis and pericarditis (6, 
36-55). These reports emphasise that Chlamydia 
psittaci should be recognised as a cause of infec- 
tive endocarditis (6, 36, 48-61). In such cases 
serological tests to detect Chlamydia psittaci 
should be performed, especially in the presence 
of negative blood cultures. Most patients 
reported contact with birds, budgerigars, parrots, 
canaries and pigeons being implicated as the main 
sources of infection (54). In such cases it should 
be demonstrated that the bird is actually the vec- 
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tor as other animals, including the domestic cat, 
can also spread the disease (6, 54). 

Generally, the infection affects previously abnor- 
mal valves, although involvement of previously 
normal valves has also been reported (36, 50, 58, 
60). Infective endocarditis due to Chlamydia psit- 
taci may be severe. As in other chlamydial infec- 

t ions,  the clinical course may be acute, subacute 
or indolent (6, 49, 50). The aortic valve was in- 
volved in most cases (6, 36, 50, 54, 55, 57,59). The 
mortality rate was high (50, 54, 55), and in many 
cases valve replacement was needed (36, 49, 50, 
54). 

Chlamydia trachomaiis should also be added to 
the list of organisms that may cause infective en- 
docarditis with negative blood cultures. As with 
Chlamydia psittaci, Chlamydia trachomatis infec- 
tions can involve one or more heart valves in 
patients with previously normal or abnormal 
valves (62-65). In addition, a case of endocarditis 
associated with Chlamydia trachomatis in a 
patient with a congenital ventricular septal defect 
and no evidence of valvular disease has also been 
reported (66). Although as yet only a few cases of 
Chtamydia trachornatis endocarditis have been 
reported, since Chlamydia trachomatis genital in- 
fections are widespread it is conceivable that 
many cases of Chlamydia trachomatis endocar- 
ditis remain undi'agnosed, and that the scarcity of 
reported cases is due to lack of awareness of its 
occurrence. The outcome may be fatal (62), how- 
ever treatment with antimicrobial agents is usual- 
ly effective. In addition to Neisseria gonorrhoeae 
(67), Chlamydia trachomatis must be considered 
as an organism causing venereal disease which is 
potentially capable of causing infective endocar- 
ditis involving also normal heart valves (62). 

Despite its recent discovery, Chlamydia pneu- 
moniae has already been implicated in several 
cases of endocarditis (22, 29, 68-70). In some of 
these cases pneumonia was the primary infection 
(29, 68). The aortic valve was involved in the 
majority of endocarditis cases. Since infection 
with Chlamydia pneumoniae is much more com- 
mon than infection with other Chlamydia species, 
and since reinfection is frequent (29), it is possible 
that many cases of Chlamydia pneumoniae en- 
docarditis remain undiagnosed. Increased recog- 
nition of this newly discovered microorganism 
may yield more reports of endocarditis associated 
with Chlamydia pneumoniae infections. 

Chlamydiae and Myocarditis 

Acute myocarditis may arise during or after a 
great number of  infectious diseases. Previously, 
beta-haemolytic streptococci dominated as the 
causative agent (71), while today coxsackie B 
viruses are considered to be the most common 
cause (72). Electrocardiographic and epidemio- 
logic studies indicate that myocarditis occurs in 5-  
15 % of patients with common infectious diseases 
(73, 74), in most cases without clinical signs or 
symptoms. The infective agent has to be isolated 
from the myocardium or from the pericardium in 
myocarditis in order to fulfill the criteria for a 
high degree of association. Since in many cases 
myocarditis is a postinfectious manifestation, it is 
often only possible to demonstrate a significant 
increase in the antibody titre for a suspected 
agent, which gives a low degree of association 
(75). However, in some cases a constant high an- 
tibody titre is the only clue to the possible etiol- 
ogy of myocarditis (75). 

There are numerous previous reports implicating 
Chlamydia psittaci as a causative agent of myo- 
carditis (33, 34, 37--40, 43-48, 53, 76-81). Some of 
these cases had a fatal outcome (78). In 1930 
Adamy (82) commented for the first time on the 
development of postinfectious myocardial 
degeneration associated with psittacosis. Sub- 
sequently, psittacosis infection has been impli- 
cated in myocardial disease in reports from 
several countries (37, 43-48). Grist and McLean 
(48) found enlargement and failure of the heart to 
be a recognised feature of psittacosis. The 
primary infection in psittacosis myocarditis ap- 
pears to be pulmonary (37, 83). 

There are only eight reported cases of myocar- 
ditis associated with Chlamydia trachomatis in- 
fection, six of which occurred in children and in- 
fants (83-85), two with a fatal outcome. One adult 
with Chlamydia trachomatis myocarditis pre- 
sented with cardiogenic shock in which the myo- 
carditis resembled a large anterior myocardial in- 
farction. Only after detailed invasive evaluation 
was the diagnosis of myocarditis established, and 
five months later clinical cure was achieved (86). 
We recently described another case in an adult in 
which the myocarditis led to chronic dilated car- 
diomyopathy, a complication which has not been 
reported previously in association with 
Chlamydia trachomatis infection (87). The 
patient later died of intractable heart failure. 

Only a few cases of myocarditis have been as- 
sociated with Chlamydia pneumoniae infection 
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(22, 29, 68,88). In some of these cases pneumonia 
was the primary infection (29, 68). However, as 
mentioned with endocarditis, since Chlamydia 
pneumoniae is a newly discovered microorganism 
and infections with Chlamydia pneumoniae are 
more common than with the other Chlamydia 
species, it is possible that many cases of 
Chlamydia pneumoniae myocarditis remained 
undiagnosed, and that increased recognition of 
this bacterium may yield m o r e  reports of 
Chlamydia pneumoniae myocarditis. 

Idiopathic dilated cardiomyopathy is an increas- 
ingly common disorder, with an estimated annual 
incidence of 7.5 cases per 100,000 persons (89). 
Approximately 10,000 persons in the USA die of 
the disease each year (90), and the mortality rate 
in patients with the disorder is approximately 
20 % per year (91). This mortality rate is substan- 
tially higher than that in patients who have had 
myocardial infarctions (92). Several studies show 
that active myocarditis is capable of producing 
acute dilated cardiomyopathy (93-96), and that 
some of the acute cases evolve into a chronic form 
of dilated cardiomyopathy that would otherwise 
be labelled idiopathic (97-102). It can thus be 
concluded that many cases of unexplained dilated 
cardiomyopathy result from myocarditis. 

The majority of episodes of myocarditis are 
probably subclinical, and a substantial portion of 
myocarditis cases are of unknown etiology. As 
chlamydiae are relatively common infectious 
agents, and as the myocardium is one of its target 
organs, it might be that many cases of myocarditis 
related to non-specific viral syndromes without 
appropriate diagnostic tests or of unknown etiol- 
ogy were due to chlamydial infection, thus 
chlamydiae should be considered in cases of 
myocarditis where no other cause can be decisive- 
ly demonstrated. Since there is usually no specific 
therapy for patients with myocarditis and the 
prognosis is often grave, diagnosis of possible in- 
fection with chlamydiae, which usually responds 
to antimicrobial therapy, is of great importance. 
Efforts to explore further the etiologic role of 
chlamydiae in myocarditis should include, in ad- 
dition to serological tests, efforts to isolate the or- 
ganism from the nasopharynx, cervix and rectum 
of patients, and blood and urine cultures. In addi- 
tion, there are now several new techniques avail- 
able that can directly detect the organism in heart 
tissue, such as immunocytochemistry, in situ 
hybridization and polymerase chain reaction 
(103-108). 

Chlamydiae and Pericarditis 

Chlamydia psittaci may also involve the pericar- 
dium causing pericarditis. Several cases have 
been reported (33, 37, 53, 78, 109-114), some- 
times in association with myocarditis (33, 37, 78). 
In some cases the pericarditis was accompanied 
with pericardial effusion (37, 109, 111). In one 
case a large pericardial effusion developed and 
required pericardiocentesis (109). In cases with 
pericardial effusion after Chlamydia psittaci in- 
fection the response to standard antibiotic 
therapy was slow which may reflect difficulty in 
eradicating the organism from the pericardial ef- 
fusion (109). Sulton et al. (37), in a review of 599 
unselected cases of acute pericarditis, found nine 
cases with serological evidence of psittacosis with 
pericardial effusion in two. In four cases heart dis- 
ease was the only clinical manifestation. Five 
patients recovered completely but their treat- 
ment regimens were not reported. 

Measurement of antibody titres for Chlamydia 
psittaci i s  recommended in all cases of acute 
pericarditis regardless of pulmonary involve- 
ment. If the diagnosis is confirmed, treatment 
with oxytetracycline should be continued for at 
least two months (109). 

Until now no cases of pericarditis caused by 
Chlamydia trachomatis or Chlamydia pneu- 
rnoniae have been reported. However, as these 
two microorganisms may involve the endocar- 
dium and the myocardium, we believe that these 
two Chlamydia species could also involve the 
pericardium, and that the absence of reported 
cases is due to lack of awareness of its occurrence. 

Chlamydiae and Coronary Heart Disease 

Until now there have been only two reports of a 
possible association between Chlamydia psittaci 
infection and myocardial infarction (59, 76), and 
there are no reports associating coronary heart 
disease with Chlamydia trachomatis. 
Regarding Chlamydia pneumoniae, Saikku et al. 
(115) recently demonstrated a strong association 
between Chlamydia pneumoniae and both 
chronic coronary heart disease and acute myocar- 
dial infarction. The study was carried out in Fin- 
land, where, as in other Scandinavian countries, 
Chlamydia pneumoniae causes widespread 
epidemics every four to five years (29, 116, 117). 
Paired sera from 40 male patients with acute 
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myocardial infarction, 30 male patients with 
chronic coronary heart disease, and 41 controls 
were investigated for antibodies to Chlamydia 
pneumoniae. Twenty-seven patients with acute 
myocardial infarction and 15 patients with 
chronic coronary heart disease had raised IgG 
and/or IgA titres in a microimmunofluorescence 

• test with Chlamydia pneurnoniae. In both groups 
the frequency was significantly higher than in the 
controls. In view of these findings they suggested 
that a possible relationship between Chlamydia 
pneumoniae infection and acute myocardial in- 
farction and chronic coronary heart disease 
should be considered in studies of possible 
pathogenic mechanisms and the epidemiology of 
coronary heart disease. In another recent study 
Leinonen et al. (118) demonstrated elevated 

chlamydial lipopolysaccharide-containing im- 
mune complexes in the sera of 57 % of patients 
with acute myocardial infarction compared with 
12 % of controls. These findings provide further 
evidence of a possible association between 
chronic Chlamydia pneumoniae infection and 
acute myocardial infarction. A recent study in the 
USA has confirmed the above preliminary find- 
ings, showing an association between elevated 
Chlamydia pneumoniae titres and angiographi- 
cally verified coronary heart disease (119). Addi- 
tional evidence of a possible association between 
Chlamydia pneumoniae infection and coronary 
heart disease has recently been provided by two 
other case-control studies. One was a large-scale 
prospective study on the incidence of coronary 
heart disease by Saikku et al. (32) using data from 
the Helsinki Heart Study, and the other a US 
study by Thom et al. (120). 

The findings of the above studies are thus strong- 
ly supported of an infectious etiology in the 
development of coronary heart disease and acute 
myocardial infarction (121-126). 

Conclusions 

Chlamydiae are common human pathogens, 
causing a broad spectrum of diseases. Human 
psittacosis, although long recognised, is probably 
the least important human chlamydial disease. 
Chlamydial infections may involve the heart, 
causing endocarditis, myocarditis and pericar- 
ditis. Furthermore, Chlamydia pneumoniae may 
also cause coronary artery disease. Infection with 
all three Chlamydia species is usually responsive 
to treatment with tetracycline and erythromycin. 

Efforts to explore further the etiologic role of 
Chlamydia species in heart disease should in- 
clude, in addition to serological tests, efforts to 
isolate the organism from the nasopharynx, cer- 
vix and rectum of patients, and blood and urine 
cultures. Furthermore, in cases of myocarditis or 
pericarditis efforts should be made also to isolate 
the infective agent from the myocardium or the 
pericardium. For this purpose newly available 
techniques that directly detect the Chlamydia or- 
ganism in heart tissue, such as immunocyto- 
chemistry, in situ hybridization and the poly- 
merase chain reaction may be helpful. 

A possible relationship between Chlamydia 
pneumoniae infection and coronary heart disease 
could have important implications since the infec- 
tion is common and there might be potential for 
reducing the incidence of coronary heart disease 
as the organism usually responds well to anti- 
microbial therapy. As definitive microbiological 
evidence of a causal relationship between 
Chlamydia pneumoniae infection and coronary 
heart disease is still lacking, recent findings 
should serve to stimulate additional studies in 
search of such evidence. 

References 

1. Schachler J: Chlamydial infections. Western Journal 
of Medicine 1990, 153: 523-534. 

2. Stature WE, Holmes KK: Chlamydial infections. In: 
Wilson JD, Braunwald E, Isselbacher KJ, Petersdorf 
RG, Martin JB, Fauci AS, Root RK (ed): Harrison's 
principles of internal medicine. McGraw-Hill, New 
York, 1991, p. 764-772. 

3. Sehaffner W: Chlamydia psittaci (psittacosis). In: Man- 
dell GL, Douglas RG, Bennett JE (ed): Principles 
and practice of infectious diseases. Churchill 
Livingstone, New York, 1990, p. 1440-1443. 

4. Meyer KF: The ecology of psittacosis and ornithosis. 
Medicine 1942, 21: 175-206. 

5. Ostler HB, Sehachter J, Dawson C: Acute follicular 
conjunctivitis of epizootic origin - feline pneumonitis. 
Archives of Ophthalmology 1969, 82: 587-591. 

6. Regan RJ, Dathan JRE, Treharre JD: Infective en- 
docarditis with glomerulonephritis associated with cat 
Chlamydia (Chlamydia psittaci) infection. British 
Heart Journal 1979, 42: 349-352. 

7. Wong SY, Gray ES, Buxton D, Finlayson J, Johnson 
FW: Acute placentitis and spontaneous abortion 
caused by Chlamydia psittaci of sheep origin: a his- 
tological and ultrastructurat study. Journal of Clinical 
Pathology 1985, 38: 707-711. 

8. Bowie WR, Holmes KK: Chlamydia trachornatis 
(trachoma, perinatal infections, tymphogranuloma 
venereum, and other genital infection). In: Mandell 
GL, Douglas RG, Bennett JE (ed): Principles and 
practice of infectious diseases. Churchill Livingstone, 
New York, 1990, p. 1426-1440, 



890 Eur. J. Clin. Microbiol. Infect. Dis. 

9. Tang FF, Change HL, Huang YT, Wang KC: 
Trachoma virus in chick embryo. National Medical 
Journal of China 1957, 43: 81-87. 

10. Gordon FB, Quan AL: Isolation of the trachoma 
agent in cell culture. Proceedings of the Society for 
Experimental Biology and Medicine 1965, 118: 354- 
359. 

11. Wang SP, Grayston JT: Immunologic relationship be- 
tween genital TRIC, lymphogranuloma venereum, 
and related organisms in a new microtiter indirect 
immunofluorescence tests. American Journal of Oph- 
thalmology 1970, 70: 367-374. 

12. Wang SP, Eschenbach DA, Holmes KK, Wagner G, 
Grayston JT: Chlarnydia trachomatis infection in Fitz- 
Hugh-Curtis syndrome. American Journal of 
Obstetric and Gynecology 1980, 138: 1034-1038. 

13. Stamm WE, Wagner KF, Amsel R, Alexander ER, 
Turck M, Counts GW, Holmes KK: Causes of the 
acute uretheral syndrome in women. New England 
Journal of Medicine 1980, 303: 409-415. 

14. Myhre EB, Mardh PA: Chlamydia trachomatis infec- 
tion in a patient with meningoencephalitis. New 
England Journal of Medicine 1981, 304: 910. 

15. Komaroff AL, Aronson MD, Schachter J" Chlamydia 
trachomatis infection in adults with community-ac- 
quired pneumonia. Journal of the American Medical 
Association 1981, 245: 1319-1322. 

16. Tack K J, Peterson PK, Rasp FL, Hanto D, O'Leary 
M, Simmons RL, Sabath LD: Isolation of Chlamydia 
trachomatis from the lower respiratory tract of adults. 
Lancet 1980, i: 116-120. 

17. Komaroff AL, Branch WT, Aronson MD, Schachter 
J: Chlamydiapharyngitis. Annals of Internal Medicine 
1989, 111: 537-538. 

18. Black CM, Johnson JE, Farshy CE, Brown TM, Ber- 
dai BP: Antigenic variation among strains of 
Chlamydia pneumoniae. Journal of Clinical 
Microbiology 1991, 29: 1312-1316. 

19. Armstrong JH, Zacarias F, Rein MF: Ophthalmia 
neonatorum: a chart review. Pediatrics 1976, 57: 884- 
892. 

20. Alexander ER, Harrison HA: Role of Chlarnydia 
trachomatis in perinatal infection. Reviews in Infec- 
tious Diseases 1983, 5: 713-719. 

21. Arth C, Von Schmidt B, Grossman M, Scbachler J: 
Chlamydia pneumonitis. Journal of Pediatrics 1978, 
93: 447-.449. 

22. Grayston JT: Chlamydia pneumoniae, strain TWAR. 
Chest 1989, 95: 664-669. 

23. Kuo CC, Chen HH, Wang SP, Grayston J'l': Iden- 
tification of a new group of Chlamydiapsittaci strains 
called TWAR. Journal of Clinical Microbiology 1986, 
24: 1034-1037. 

24. Chi EY, Kuo CC, Grays/on JT: Unique ultrastructure 
in the elementary body of Chlamydia sp. strain 
TWAR. Journal of Bacteriology 1987, 169: 3757-3763. 

25. Campbell LA, Kuo CC, Grayston JT: Charac- 
terization of the new Chlarnydia agent, TWAR, as 
a unique organism by restriction endonuclease 
analysis and DNA: DNA hybridization. Journal of 
Clinical Microbiology 1987, 25: 1911-1916. 

26. Kuo CC, Chi EY, Grayston J'I~. Ultrastructural study 
of entry of Chlamydia TWAR into HeLa cells. In- 
fection and Immunity 1988, 56: 1668-1672. 

27. Cox RL, Kuo CC, Grayston JT, Campbell LA: 
Deoxyribonucleic acid relatedness of Chlamydia sp. 
strain TWAR to Chlamydia trachomatis and 
Chlamydia psittaci. International Journal of Sys- 
tematic Bacteriology 1988, 38: 265-268. 

28. Grayston JT, Kuo CC, Wang SP, Allman J: A new 
Chlarnydia psittaci strain called TWAR from acute 
respiratory tract infections. New England Journal of 
Medicine 1986, 315: 161-168. 

29. Grayston JT, Campbell LA, Kuo CC, Mordhorst CH, 
Saikku P, Thorn DH, Wang SP: A new respiratory 
tract pathogen: Chlamydia pneumoniae strain TWAR. 
Journal of Infectious Diseases 1990, 161: 618--625. 

30. Grayston JT, Diwan VK, Cooney M, Wang SP: Com- 
munity- and hospital-acquired pneumonia associated 
with Chlarnydia TWAR infection demonstrated sero- 
logically. Archives of Internal Medicine 1989, 149: 
169-173. 

31. Grayston JT: Chlamydia pneumoniae, strain TWAR 
pneumonia. Annual Review of Medicine 1992, 43: 
317-323. 

32. Saikku P, Leinonen M, Tenkanen L, Linnanmaki E, 
Ekmaa MR, Manninen V, Manltari M, Frick MH, 
Huttunen JK: Chronic Chlamydia pneumoniae infec- 
tion as a risk factor for coronary heart disease in 
the Helsinki Heart Study. Annals of Internal Medicine 
1992, 116: 273-278. 

33. Brauu AL, Haukenes G, Aasen S, Grayston T, Wang 
SP, Klausen OG, Myrmei H, Hasseltvedt V: 
Chlamydia pneumoniae infection in Norway 1981-87 
earlier diagnosed as ornithosis. Scandinavian Journal 
of Infectious Diseases 1992, 23: 299-304. 

34. Eryden A, Kihlstrmn E, MaUer R, Persson K, 
Romanns V, Ansehn S: A clinical and epidemiological 
study of "ornithosis" caused by Chlamydia psittaci 
and Chlamydia pneumoniae (strain TWAR). Scan- 
dinavian Journal of Infectious Diseases 1989, 21: 681- 
691. 

35. Greaves AB, Taggart SR: Serology, Fret reaction, and 
epidemiology of lymphogranuloma venereum. 
American Journal of Syphilis 1953, 37: 273-278. 

36. Birkhead JS, Apostoiov K: Endocarditis caused by 
a psittacosis agent. British Heart Journal 1974, 36: 
728-731. 

37. Sutton GC, Morrissey RA, Tobin JR, Anderson TO: 
Pericardial and myocardial disease associated with 
serological evidence of infection by agents of the psit- 
tacosis/lymphogranuloma venereum group (Chlamy- 
diaceae). Circulation 1967, 36: 830-838. 

38. Hufchison R, Rowlands RA, Simpson SL: A study 
of psittacosis. British Medical Journal 1930, 1: 633- 
637. 

39. Sheldon WH, Wall M J, Slade .ID, Heyman A: Lym- 
phogranuloma venereum in a patient with mediastinal 
lymphadenopathy and pericarditis. Archives of Inter- 
nal Medicine 1948, 82: 410--415. 

40. Polayes SH, Lederer M: Psittacosis: with results of 
postmortem examination in a case including studies 
of the spinal cord. Archives of Internal Medicine 1932, 
49: 253-258. 

41. Valero H: Human ornithosis in Israel. Harefuah 1953, 
45: 102-105. 



Vol. 11, 1992 891 

42. Nicolau S, Surdan C, Saratenu D, Athanastiu P, Fuh. 
rer-Anagnoste B, lliescu C, Radescu R: Viral etiology 
in the field of cardiovascular affections. I: Isolation 
of viruses from the blood of patients with cardiovas- 
cular affections. Studii si Cercetari de Inframicro- 
biologic 1962, 12: 275-282. 

43. Kemmerer G, Haussmann HG, Schoop G, Kauker 
E: Clinical observations and epidemiology of human 
ornithosis transmitted by pigeons. German Medical 
Monthly 1957, 2: 7-12. 

44. Yow EM, Brennan JC, Preston J, Levy S: The pathol- 
ogy of psittacosis. American Journal of Medicine 
1959, 27: 739-746. 

45. Jannach JR: Myocarditis in infancy with inclusions 
characteristic of psittacosis. American Journal of Dis- 
eases of Children 1958, 96: 734-738. 

46. Vosti G J, Roffwarg H: Myocarditis and encephalitis 
in a case of suspected psittacosis. Annals of Internal 
Medicine 1961, 54: 764-767. 

47. Matumoto M: Miyagawanella: psittacosis-lympho- 
granuloma group of viruses. 4: Serologically diagnosed 
human cases of psittacosis in Japan. Japanese Journal 
of Experimental Medicine 1968, 28: 41-5% 

48. Grist NR, McLean C: Infections by organisms of psit- 
tacosis lmyphogronuloma venereum gxoup in the west 
of Scotland. British Medical Journal 1964, 2: 21-25. 

49. Ward C, Sagar HJ, Cooper D, Ward AM: Insidious 
endocarditis caused by Chlamydia psittaci. British 
Medical Journal 1975, 4: 734-735. 

50. Jones RB, Priest JB, Kuo CC: Subacute chlamydial 
cndocarditis. Journal of the American Medical As- 
sociation 1982, 247: 655--658. 

51. Bromage D, Jeffries DJ, Philip G: Embolic 
phenomena in chlamydial infection. Journal of In- 
fection 1980, 2: 151-159. 

52. Jariwalla AG, Davies BH, White J: Infective endocar- 
ditis complicating psittacosis. Response to rifampin. 
British Medical Journal 1980, 280: 155. 

53. Puolakkainen M, Kousa M, Saikku P: Clinical con- 
ditions associated with positive complement fixation 
serology for Chlamydiae. Epidemiology and Infection 
1987, 98: 101-108. 

54. Walker LIE, Adgey AAJ: Succssful treatment by 
doxycycline of endocarditis caused by ornithosis. 
British Heart Journal 1987, 57: 58-60. 

55. Levison DA, GuChrei W, Ward C, Green DM, 
Roberlson PGC: Infective endocarditis as part of psit- 
tacosis. Lancet 1971, it: 844-847. 

56. Simpson RW, Huang C, Graham-Smith DG: Psit- 
tacosis masquerading as rheumatic fever. British 
Medical Journal 1978, 1: 694-695. 

57. Kottinen A, Kajalainen J, Piirainen H: Endocarditis 
and aortic valve insufficiency caused by ornithosis. 
Duodecim 1978, 94: 449-453. 

58. Dick DC, Mcgregor CGA, Mitchell KG, Sommerville 
RG, Wheatley DG: Endocarditis as a manifestation 
of Chlamydia B infection (psittacosis). British Heart 
Journal 1977, 39: 914-916. 

59. Darougar S, John AC, Viswalingam l%'1, Cornell L, 
Jones BR: Isolation of Chlamydia psittaci from a 
patient with interstitial keratitis and uveitis associated 
with otological and cardiovascular lesions. British 
Journal of Ophthalmology 1978, 62: 709-714. 

60. Ward C: Pet birds and acquired chronic valvar disease, 
Lancet 1971, it: 546. 

61. Freeman AP: Chlamydia endocarditis. Medical Jour- 
nal of Australia 1981, 1: 642. 

62. Van der BeI-Kahn JM, Watanakunakorn C, Menefee 
MG, Long HD, Dieter R: Chlarnydia trachomatis en- 
docarditis. American Heart Journal 1978, 95: 627-636. 

63. Ellis RE: Chlamydial genital infections: manifesta- 
tions and management. Southern Medical Journal 
1981, 74: 809-813. 

64. Dunlop EM, Darougar S, Treharne.ID: Epidemiology 
of infection by serotypes D to K of Chlarnydia tracho- 
matis. British Journal of Venerial Diseases 1980, 56: 
163-168. 

65. Myhre EB, Mardh PA: Unusual manifestations of 
Chlamydia trachomatis infections. Scandinavian Jour- 
nal of Infectious Diseases 1982, 32: Supplement: 122- 
126. 

66. Breadey BF, Hutchinson DN: Endocarditis associated 
with Chlamydia trachomatis infection. British Heart 
Journal 1981, 46: 220--221. 

67. Holmes KK, Counls GW, Bealy HN: Disseminated 
gonococcal infection. Annals of Internal Medicine 
1971, 74: 979-984. 

68. Grayston JT, Mordhorst CH, Brou AL, Veoe S, Wang 
SP: Countrywide epidemics of Chlarnydia pneu- 
moniae, strain TWAR, in Scandinavia, 1981-1983. 
Journal of Infectious Diseases 1989, 159: 1111-1114. 

69. Marrie T J, Harczy M, Mann OE, Landymore RW, 
Raza A, Wang SP, Grayston JT: Culture-negative en- 
docarditis probably due to Chlamydia pneumoniae. 
Journal of Infectious Diseases 1990, 161: 127-129. 

70. Dumont D, Mathien D, Alemanni M, Eb F, Manigand 
G: Infective endocarditis probably due to Chlamydia 
pneumoniae (TWAR strain). La Presse Mddicale 
1990, 19: 1054. 

71. Bengtsson E, Lambergen B: Five-year follow-up study 
of cases suggestive of acute myorarditis. American 
Heart Journal 1966, 72: 751-763. 

72. Lennner AM, Wilson FM, Reyes MP: Enteroviruses 
and the heart (with special emphasis on the probable 
role of Coxsackie viruses group B, types 1-5). II: Ob- 
servations in humans. Modern Concepts of Cardiovas- 
cular Disease 1975, 44: 11-15. 

73. Band CM, Stalely NA, Noren GR: Acute viral 
myocarditis: clinical and histologic changes. Min- 
nesota Medicine 1979, 62: 234-237. 

74. Woodruff JF: Viral myocarditis. A review. American 
Journal of Pathology 1980, 101: 427-484. 

75, Vikerfors T, Stijerna A, Olcen P, Malmacrona R, Mag- 
nius L: Acute myocarditis: serologic diagnosis, clinical 
findings and follow-up. Acta Medica Scandinavica 
1988, 223: 45-52. 

76. Thomas DJB, Macdonald P J, Fowler JM: Mistaken 
diagnosis - psittacosis myocarditis. Practitioner 1977, 
218: 394-398. 

77. Reinicke V, Sondergaard E: A familial epidemic of 
ornithosis. Scandinavian Journal of Infectious Dis- 
eases 1969, 1: 113-118. 

78. Dymock IW, Lawson JM, Maclennan W J, Ross CAC: 
Myocarditis associated with psittacosis. British Jour- 
nal of Clinical Practice 1971, 25: 240-242. 

79. Reid JM, Kennedy JF, McArthur J: Unusual cause 
of atrial fibrillation. British Medical Journal 1982, 284: 
237-238. 

80. Coil R, Honnen I: Cardiac involvement in psittacosis. 
British Medical Journal 1967, 4: 35-36. 

8t. Singer E, Sussman O, Barnett JC: Psittacosis in 
northern New Jersey: human and bird transmitted. 
American Journal of Medicine 1956, 20: 153-156. 



892 Eur .  J. Clin,  Mic rob io l .  Infect .  Dis.  

82. Adamy G: Klinische Studie 0bet die Psittacose. 
Deutsches Archiv f~r Klinische Medizin 1930, 169: 
301-305. 

83. Grayston J r ,  Mordhorst CH, Wang S: Childhood 
myocarditis associated with Chlamydia trachomatis 
infection. Journal of the American Medical Associa- 
tion 1981, 246: 2823-2827. 

84. Ringel RE, Givner LB, Brenner JL, Huang SW, Wang 
SP, Grayston T, Berman MA: Myocarditis as a com- 
plication of infantile Chlamydia trachomatis pneu- 
monitis. Clinical Pediatrics 1983, 22: 631--633. 

85. Ringel RE, Brenner JL, Rennels MB, Renneis MB, 
Huang SW, Wang SP, Grayston T, Berman MA: 
Serological evidence for Chlamydia trachornatis 
myocarditis. Pediatrics 1982, 70: 54-56. 

86. Artigou JY, Masquet C, Battaille J, Piecarski A, 
Guyen A, Felten A: Acute myocarditis simulating an 
anterior infarction rupture. Archives des Maladies du 
Coeur et des Vaisseaux 1984, 77: 451-457. 

87. Odeh M, Oliven A, Rauchfleisch S, Bassan H: Dilated 
cardiomyopathy associated with Chlamydia tracho- 
matis infection. Journal of Internal Medicine 1991, 
229: 289-291. 

88. Groenhagen-Riska C, Saikku P, Riska H, Froeseth 
B, Grayston JT: Antibodies to TWAR - a novel type 
of Chlamydia in sarcoidosis, In: Grassi C, Rizzato 
G, Pozzi E (ed): Sarcoidosis and other granulomatous 
disorders. Elsevier Science Publishers, Amsterdam, 
1988, p. 297-301. 

89. Torp A: Incidence of congestive cardiomyopathy. In: 
Godwin JF, Hjalmarson A, Olsen EGJ (ed): Con- 
gestive cardiomyopathy. A.B. Hassel, Moindal, 
Sweden, 1980, p. 18-22. 

90. Gillnm RF: Idiopathic cardiomyopathy in the United 
States, 1970-1982. American Heart Journal 1986, 111: 
752-755. 

91. Anderson KP, Freedman RA, Mason JW: Sudden 
death in idiopathic dilated cardiomyopathy. Annals 
of Internal Medicine 1987, 107: 104-106. 

92. Moss A J: Prognosis after myocardial infarction. 
American Journal of Cardiology 1983, 52: 667-669. 

93. Lerner AM, Wilson FM, Reyes MP: Enteroviruses 
and the heart (with special emphasis on the probable 
role of coxsackie viruses, group B types 1-5). I: 
Epidemiological and experimental studies. Modern 
Concepts of Cardiovascular Diseases 1975, 44: 7-10. 

94. Smith WG: Coxsackie B myopericarditis in adults. 
American Heart Journal 1970, 80: 34--46. 

95. Sainani GS, Krompotic E, Siodki S J: Adult heart dis- 
ease due lxJ coxsackie virus B infection. Medicine 
1968, 47: 133-I47. 

96. Dee GW, Falaeios IF, Fallon JT, Arelz HT, Mills J, 
Lee DCS, Johnson RA: Active myocarditis in the 
spectrum of acute dilated cardiomyopathies: clinical 
features, histologic correlates and clinical outcome. 
New England Journal of Medicine 1985, 312: 885-890, 

97. Zee-Cheng CS, Tsai CC, Palmar DC, Codd JE, Pen- 
ninglon DG, Williams GA: High incidence of myocar- 
ditis by endomyocardial biopsy in patients with 
idiopathic congestive cardiomyopathy. Journal of the 
American College of Cardiology 1984, 3: 63-70. 

98. Mason JW, Billingham ME, Ricci DR: Treatment of 
acute inflammatory myocarditis assisted by en- 
domyocardial biopsy. American Journal of Cardiology 
1980, 45: 1037-1044. 

99. Nippoldt TB, Edwards WD, Holmes DR, Reeder GS, 
Hatzler GO, Smith HC: Right ventricular endo- 
myocardial biopsy: clinicopathologic correlates in 100 
consecutive patients. Mayo Clinic Proceedings 1982, 
57: 407--418. 

100, Fuster V, Gersh B J, Ginliani ER, Tajik A J, Bran- 
denburg RO, Frye RL: The natural history of 
idiopathic dilated cardiomyopathy. American Journal 
of Cardiology 1984, 47: 525-531. 

101. Johnson RA, Palacios l:. Dilated cardiomyopathies 
of the adult. New England Journal of Medicine 1982, 
307: 1051-1058, 1119-1126. 

102. Fenoglio J J, Ursell PC, Kellogg CF, Drusin RE, Weiss 
MB: Diagnosis and classification of myocarditis by 
endomyoeardial biopsy. New England Journal of 
Medicine 1983, 308: 12-18. 

103. Schmaltz AA: Myocarditis in childhood. Klinische 
Pediatrie 1991, 203: 1-7. 

104. Hyypie T, Jalava A, Larsen SH, Terho P, Hnkkanen 
V: Detection of Chlamydia traehomatis in clincal 
specimens by nucleic acid spot hybridization. Journal 
of General Microbiology 1985, 131: 975-978. 

105. Ridgway GL Taylor-Robinson D: Human chlamydial 
infections: which laboratory test? Journal of Clinical 
Pathology 1991, 44: 1-5. 

106. Taylor-Robinson D, Thomas B J: Laboratory techni- 
ques for the diagnosis of chtamydial infections. 
Genitourinary Medicine 1991, 67: 256-266. 

107. Pollard DR, Tyler SD, Ng CW, Rozee KR: A 
polymerase chain reaction (PCR) protocol for the 
specific detection of Chlamydia spp. Molecular Cell 
Probes 1989, 3: 383-389. 

108. Gilroy CB, Thomas B J, Taylor-Robinson D: Small 
numbers of Chlamydia trachomatis elementary bodies 
on slides detected by the polymerase chain reaction. 
Journal of Clinical Pathology 1992, 45: 531-532. 

109. Page S, Stewart JT, Bernstein JJ: A progressive 
pericardial effusion caused by psittacosis. British 
Heart Journal 1988, 60: 87--89. 

l l0.  T reharne JD: Chlamydial infections: laboratory 
aspects. In: Harris JWR (ed): Recent advances in 
sexually transmitted diseases. Volume 2. Churchill 
Livingstone, Edinburgh, 1981, p. 141-150. 

111. Kundu CR, Scott ME: Pericardial effusion complicat- 
ing psittacosis infection, British Heart Journal 1979, 
42: 503-505. 

112. Raynaud P, Raffoux P, Laine JL, Raynaud R: A case 
of acute benign pleuro-pricarditis due to ornithosis- 
psittacosis. Archives des Maladies de Coeur et des 
Vaisseaux 1972, 65: 1019-1024. 

113. Stephan E, Nachable Y, Khoury M, Issa B: Pericarditis 
of psittacosis, (apropos of 3 cases). Archives des 
Maladies de Coeur et des Vaisseaux 1966, 59: 1257- 
1265. 

114. Sehoenmann J, Glasel E: Acute benign percarditis 
due to ornithosis. Zeitschrift Rir die gesamte Innere 
Medizin und ihre Grenzgebiete 1965, 20: t21-124. 

115. Saikku P, Leinonen M, Mattila K, Ekman MR, 
Nieminen MS, Makela PH, Hultunen JK, Va|tonen 
V: Serological evidence of an association of a novel 
Chlamydia TWAR, with chronic coronary heart dis- 
ease and acute myocardial infarction. Lancet 1988, 
ii: 983-986. 



Vol.  11, 1992 893 

116. Kleemola M, Saikku P, Visakorpi R, Wang SP, Grays- 
ton .IT:. Epidemics of pneumonia caused by TWAR, 
a new Chlamydia organism, in military trainees in 
Finland. Journal of Infectious Diseases 1988, 157: 230- 
236. 

117. Mordhors! CH, Wang SP, Myhra W, Grayston JT: 
Chlamydia pneumoniae, strain TWAR, infections in 
Denmark 1975-1987. In: Bowie WR, Caldwell HD, 
Jones RP, Mardh PA, Ridgway GL, Schachter J (ed): 
Chlamydial infections. Cambridge University, Cam- 
bridge, 1990, p. 418-421. 

118. Leinonen M, Linnanmaki E, Mattila K, Nieminen MS, 
Vallonen V, Leirisalo-Repo M, Saikku P: Circulating 
immune complexes containing chlamydial lipopoly- 
saccharide in acute myocardial infarction. Microbial 
Pathogenesis 1990, 9: 67-73. 

l l9.  Thom DH, Wang SP, Grayston Jr, Siscovic DS, 
Stewart DK, Karonmal RA, Weiss NS: Chlamydia 
pneumoniae strain TWAR antibody and angiogcaphi- 
cally demonstrated coronary artery disease. 
Arteriosclerosis and Thrombosis 1991, 11: 547-551. 

120. Thorn DH, Grayston JT, Siscovick DS, Wang SP, 
Weiss NS, Daling JR: Association of prior infection 
with Chlamydia pneumaniae and angiographically 
demonstrated coronary artery diseases. Journal of the 
American Medical Association 1992, 268: 68-72. 

121. Mattila KJ: Viral and bacterial infections in patients 
with acute myocardial infarction. Journal of Internal 
Medicine 1989, 225: 293-296. 

122. Spodick DH: Inflammation and the onset of myocar- 
dial infarction. Annals of Internal Medicine 1985, 102: 
699-702. 

123. Cunningham M J, Pasternak RC: The potential role 
of viruses in the pathogenesis of atherosclerosis. Cir- 
culation 1988, 77: 964-966. 

124. Barnett RN, Zimmerman SL: Coronary arteritis with 
fatal thrombosis due to Salmonella chloleraesuis 
variety kunzendorL American Heart Journal 1947, 
34: 441--446. 

125. McGee MB, Khan MY: Ruptured mycotic aneurysm 
of a coronary artery: a fatal complication of Salmonel- 
la infection. Archives of Internal Medicine 1980, 140: 
1097-1098. 

126. Lopes-Vireila MF, Virella G: Immunological and 
microbiological factors in the pathogenesis of 
atherosclerosis. Clinical Immunology and Immuno- 
pathology 1985, 37: 377-386. 


