
Original articles

396 

IMAJ • VOL 12 • JuLy 2010

Background: Clinical and epidemiologic features of coronary 
heart disease may not be explained solely by established risk 
factors. The role of infectious pathogens in the development 
and rupture of atherosclerotic plaques remains elusive but an 
association between Chlamydia pneumoniae, Mycoplasma 
pneumoniae and CHD has been reported previously. 
Objectives: To determine whether there is an association 
between mycoplasmal infections and CHD.
methods: We conducted a prospective cohort analysis of 150 
consecutive hospitalized patients with CHD (85 with acute 
coronary syndrome and 65 admitted for unrelated reasons) 
and 98 healthy blood donors. Antibody titers for Mycoplasma 
pneumoniae, M. fermentans, M. hominis and Ureaplasma 
urealyticum were measured with the agglutination test or 
specific enzyme-linked immunosorbent assay in all three 
groups of patients.
results: Analysis of the antibody titers did not reveal any 
significant difference in the presence of mycoplasmal 
antibodies between the patients with ACS, patients with 
known stable CHD hospitalized for non-CHD reasons, and 
healthy blood donors.
conclusions: Determination of specific antibodies did not 
reveal a significant association among different types of 
mycoplasmal infection and CHD.
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F actors other than the conventional risk factors may con-
tribute to the development of atherosclerosis [1-3]. Since 

inflammation plays an important role in the pathogenesis of ath-
erosclerosis [1,3,4], the potential role of infectious agents in the 
initiation or modulation of atherosclerosis has been investigated. 
Several seroepidemiologic and immunohistochemical studies 
have demonstrated an association between microbial infections, 

particularly Chlamydia pneumoniae, and atherosclerosis [1,5]. 
Mycoplasmas, the smallest self-replicating wall-less bacteria, are 
parasites in humans, animals and plants. They are ubiquitous 
and tend to establish chronic infections which are accompa-
nied by alterations of immune reactivity [6]. The involvement 
of Mycoplasma pneumoniae in cardiovascular diseases has been 
previously reported, and several investigators have pointed to a 
possible association, along with Chlamydia pneumoniae, as risk 
factors for embolization and myocardial infarction [7]. However, 
the results are controversial [8-11]. There have been no reports 
regarding other human mycoplasmas. In the present study a 
possible relationship between mycoplasmal infections and CHD 
was evaluated by measuring the level of specific antibodies to 
several human mycoplasmas in CHD patients.

Patients and methOds

A prospective cohort study of 150 consecutive patients with 
coronary heart disease hospitalized in Soroka University 
Medical Center, and 98 healthy blood donors was performed. 
Of the 150 patients with CHD, 85 were admitted with an ACS 
and 65 for reasons unrelated to CHD. The discharge diag-
noses (ICD-9) for identifying subjects with coronary heart 
disease was used. Patients with active atherosclerotic cerebral 
and peripheral arterial disease (admitted due to stroke or 
peripheral vascular disease) were excluded. The study was 
approved by the Institutional Review Board.

measurement OF anti-mYcOPlasmal antiBOdies 

Anti-Mycoplasma pneumoniae antibodies in patients’ sera 
were measured by the microagglutination test (Fujirabo 
Kit, Japan). Titers of 1:80 and above were considered posi-
tive (Fujirabo Kit). Anti-Ureaplasma urealyticum and anti-
Ureaplasma parvum antibodies were measured by a specific 
enzyme-linked immunosorbent assay routinely used in our 
National Center for Mycoplasma (Clalit Health Services). A 
titer above 1:160 was considered positive. Anti-Mycoplasma 
fermentans and anti-Mycoplasma hominis antibodies were 
measured with a highly specific ELISA used in our center. 

ELISA = enzyme-linked immunosorbent assay
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P value
healthy donors
(n=98)

coronary heart  
disease (n=150)antibodies

0.4313/98
(13.3%)

26/145
(17.9%)

Ureaplasma 
urealyticum

0.1421/98
(21.2%)

20/150
(13.3%)

Mycoplasma 
pneumonia

1.03/98
(3.1%)

5/150
(3.3%)

Mycoplasma 
fermentans

0.3210/97
(10.3%)

9/150
(6.0%)

Mycoplasma hominis

P value
stable coronary heart  
disease (n=65)

acute coronary 
syndrome (n=85)antibodies

1.0
11/63
(17.5%)

15/81
(18.5%)

Ureaplasma 
urealyticum

0.91
8/65
(12.3%)

12/85
(14.3%)

Mycoplasma 
pneumonia

0.65
3/65
(4.6%)

2/85
(2.4%)

Mycoplasma 
fermentans

1.0
4/65
(6.2%)

5/85
(6.0%)

Mycoplasma 
hominis

The cutoff values (for each mycoplasma) were previously 
determined by comparing infected patients with the healthy 
population [12,13]. The cutoff values for M. fermentans and 
for M. hominis were 0.687 and 0.876 optical density, respec-
tively. These values were calculated as the mean plus 2 SD 
(standard deviations) in the healthy population. 

statistical analYsis 

The results are presented as the mean (SD) for continuous vari-
ables and as the total number of patients (percentage of total 
patients) for categorical data. The t-test was used for compari-
son of the continuous variables or chi-square test for categorical 
data with the use of Fisher's exact test if needed. A two-sided P 
value < 0 .05 was considered statistically significant.

results

Characteristics of the patients with coronary disease are 
shown in Table 1. As shown in Table 2, there were no sig-
nificant differences in the prevalence of anti-mycoplasmal 

antibodies (four different species of human mycoplasmas) 
between the patients with coronary heart disease and the 
group of healthy donors. Also, as shown in Table 3, there was 
no difference in positive antibody response between patients 
hospitalized due to ACS and patients with stable CHD.

discussiOn

It has been previously demonstrated that inflammation plays 
an important role in the pathogenesis of atherosclerosis 
[1,3,4] and activated macrophages and T lymphocytes are 
present in atherosclerotic plaques, resulting in an immune-
mediated process [1]. 

Several seroepidemiologic and immunohistochemical 
studies have demonstrated an association between microbial 
infections and atherosclerosis [1,5,14]. In addition, infectious 
agents were detected in atheromas by molecular techniques 
(mainly polymerase chain reaction) [14,15]. A specific T cell 
response, both in atheromatous plaque and in peripheral 
blood, was also detected [1,7]. 

Several microorganisms have been associated with ath-
erosclerotic diseases [5,14,15], but the results have been con-
troversial and it is not clear whether infectious agents play 
an active role in atherogenesis or whether they are passive 
inhabitants of the plaque [6,16,17]. Previous reports have 
noted the involvement of Mycoplasma pneumoniae in cardio-
vascular diseases [8-11,18], although cardiac complications 

table 3. Prevalence of anti-mycoplasma antibodies in patients 
with acute coronary syndrome and stable coronary heart disease

table 2. Prevalence of anti-mycoplasma antibodies in patients 
with coronary heart disease and healthy donors

P value

stable coronary 
heart disease
(n=65) 

acute coronary 
syndrome
(n=85) 

characteristics
mean (sd)/ n (%)

0.561.3 (7.2)62.1 (8.1)Age (yrs)

0.447 (72.3)68 (80)Gender (male)

126 (40)33 (38.8)Diabetes mellitus

18 (12.3)10 (11.8)Chronic renal failure

0.318 (27.7)17 (20)MI in the past

0.02321 (32.3)13 (15.3)History of CABG 

0.0217 (26.2)9 (10.6)History of PCI 

0.49 (13.8)17 (20)Heart failure

14 (6.2)5 (5.9)Atrial fibrillation

0.099 (13.8)4 (4.7)Significant valvular 
disease

0.62 (3.1)1 (1.2)ICD

0.74 (6.2)4 (4.7)History of stroke 

0.838 (58.5)47 (55.3)Hypertension

0.33 (4.6)1 (1.2)Rheumatologic disease

0.75 (7.7)5 (5.9)Malignancy 

0.186 (9.2)3 (3.5)COPD

11 (1.5)2 (2.4)Pneumonia 

0.72 (3.1)4 (4.7)Other lung disease

0.62 (3.1)1 (1.2)Recurrent urinary tract 
infection

table 1. Comparison of clinical characteristics of patients with ACS 
and stable CAD

Numbers with a P value of < 0.05 were considered significant 
CABG = coronary artery bypass graft, COPD = chronic obstructive pulmonary 
disease ICD = implantable cardioverter defibrillator, MI = myocardial 
infarction, PCI = percutaneous coronary intervention 
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ization of mycoplasmas in the macrophages, which render 
them less exposed to the immune humoral response, namely 
production of specific antibodies [25]. 
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associated with M. pneumoniae are relatively uncommon 
(1%–8.5% in persons with serologic evidence of infection) 
[19]. Pericarditis, myocarditis and pericardial effusion with 
and without cardiac tamponade have all been described 
[18], and the organism has been detected by PCR in peri-
cardial fluid as well as in ruptured atherosclerotic plaques 
and stenotic heart valves [8,11,19]. According to one study, 
almost half the patients with M. pneumoniae infection had 
symptoms or signs of heart abnormalities at an average of 16 
months later [19]. There were no reports on other human 
mycoplasmas.

Mycoplasma species are possible candidates to be involved 
in diseases due to their ability to induce chronic disease 
states. Chronicity develops due to several reasons: First, they 
adhere tightly to the host cell membrane, or alternatively 
become intracellular residents, and clearing of the organ-
ism is therefore extremely difficult. Second, mycoplasmas 
are notorious for their fast and elaborated variation of their 
surface lipoproteins, and therefore evade the immune system 
[18]. Third, these bacteria exert immunomodulatory effects, 
namely, altering the functions of several cells of the immune 
machinery, e.g., activation of macrophages and T lymphocytes 
[6,20]. These cells are known to play an important role in the 
atheromatous plaque formation [21,22]. Also, some mycoplas-
mas (Ureaplasma urealyticum) also possess phospholipase A 
[23], an enzyme that plays a pivotal role in the transformation 
of macrophages into foam cells, a major component of the 
atheromatous plaque [24]. In addition, some mycoplasmas 
cause accumulation of H2O2 and other oxygenated radicals 
that may increase the oxidation in the plaque. Mycoplasmas 
induce cytokine production by macrophages, especially tumor 
necrosis factor-alpha, interleukin-6 and IL-1β [6] – cytokines 
that are involved in atheromatous plaque formation [21, 22]. 
All the above may suggest that mycoplasmal infection might 
act in a pro-atherogenic fashion. In one study M. pneumoniae 
was found in almost all coronary atheromas and it was sug-
gested that large amounts of M. pneumoniae and Chlamydia 
pneumoniae may be necessary for the development of plaque 
instability [11].

In the present study we measured antibodies in patients’ 
sera. There were no significant differences in the prevalence of 
positive antibody response to any mycoplasma among patients 
with CHD and healthy subjects or between patients with acute 
coronary syndrome and stable coronary heart disease. These 
results do not exclude the possibility that mycoplasmas are 
involved in the development of atheromas. It merely suggests 
that determining the level of antibody to mycoplasma, usually 
used to identify mycoplasmal infection, is not the appropri-
ate method to evaluate an association between the infectious 
agent and CHD. This is probably due to the intracellular local-

PCR = polymerase chain reaction
IL = interleukin
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Muscle paralysis after spinal cord injury is partly 
caused by a loss of brainstem-derived serotonin (5-HT), 
which normally maintains motoneuron excitability by 
regulating crucial persistent calcium currents. Murray et 
al. examined how over time motoneurons compensate 
for lost 5-HT to regain excitability. The authors found that, 
months after a spinal transection in rats, changes in post-
transcriptional editing of 5-HT2C receptor mRNA led to 
increased expression of 5-HT2C receptor isoforms that are 
spontaneously active (constitutively active) without 5-HT. 
Such constitutive receptor activity restores large persistent 
calcium currents in motoneurons in the absence of 5-HT. 

They show that this helps motoneurons recover their 
ability to produce sustained muscle contractions and 
ultimately enables recovery of motor functions such as 
locomotion. However, without regulation from the brain, 
these sustained contractions can also cause debilitating 
muscle spasms. Accordingly, blocking constitutively 
active 5-HT2C receptors with SB206553 or cyproheptadine, 
in both rats and humans, largely eliminates these calcium 
currents and muscle spasms, providing a new rationale 
for antispastic drug therapy.

Nature Med 2010; 16: 694

Eitan Israeli

capsule

recovery of motoneuron and locomotor function after spinal cord injury depends on constitutive 
activity in 5-ht2c receptors

Chikungunya virus (CHIKV) is a re-emerging mosquito-borne 
alphavirus responsible for a recent, unexpectedly severe 
epidemic in countries of the Indian Ocean region. This outbreak 
was also implicated with a significant rise in occurrence of 
Guillain-Barré syndrome in Reunion Island. Although many 
alphaviruses have been well studied, little was known about 
the biology and pathogenesis of CHIKV at the time of the 2005 

outbreak. Over the past 5 years a multidisciplinary effort has 
aimed at deciphering the clinical, physiopathologic, immunologic 
and virologic features of CHIKV infection. Schwartz & Albert 
review some of the most recent advances in our understanding 
of the biology of CHIKV and its interactions with the host.

Nature Rev Microbiol 2010; 8: 491
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Biology and pathogenesis of chikungunya virus

The influence of intestinal flora on the physiology of the entire 

host organism has only recently begun to be appreciated. 
The mammalian gut is not just home to billions of bacteria 
and archaea, but often harbors much larger creatures such 
as protozoa, nematodes, and tapeworms. Anticipating a 
web of interactions among these organisms, Hayes and 
collaborators investigated the relationship between a 
common nematode parasite of mice, Trichuris muris, and 

its dependency on the occurrence of enterobacteria, such 

as Escherichia coli and Salmonella typhimurium. The worms 
were found to be dependent on the presence of bacteria 
for hatching, and hatching was triggered by the presence of 
bacterial surface structures called fimbriae, which bind to 
proteins at the poles of the worms' eggs.

Science 2010; 328: 1391
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interrelations among gut flora inhabitants




