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Abstract 

The role of chronic infections in causing
coronary artery disease (CAD) has been inves-
tigated for the past several years. Among them,
the role of Helicobacter pylori has stimulated
keen interest. Though initial results were con-
flicting, there are growing data to support the
role of H. pylori in CAD. The main mechanism
of endothelial damage is hypothesized to be
through molecular mimicry involving heat
shock proteins. This study was designed to
determine the prevalence of H. pylori and cyto-
toxin associated gene A (cagA) positive H.
pylori infection in patients undergoing coronary
artery bypass grafting (CABG) and the potential
role of anti-H. pylori specific heat shock pro-
tein-60 (Hp-HSP-60) antibody response in
these patients, for cardiac events. One hundred
patients undergoing CABG and 100 controls
were studied. The H. pylori infection and cagA
status were determined serologically by
enzyme-linked immunosorbent assay (ELISA).
Hp-HSP-60 Immunoglobulin G (IgG) antibodies
were estimated by using an in house ELISA.
Although there was no difference in the preva-
lence of H. pylori infection in patients and con-
trols (74% vs 70%), 58% of patients were infect-
ed with cagA positive H. pylori compared to 36%
of controls (P=0.002). Mean systemic levels of
Hp-HSP-60 IgG were also higher in patients
than in controls (27.9 vs 18.7, P=0.0001). These
antibody levels were also significantly higher in
H. pylori positive patients (P=0.0001). There
was a strong correlation between Hp-HSP-60
antibody levels and occurrence of myocardial
infarction (P=0.003). CagA positive H. pylori
infection may be associated with the develop-
ment of CAD. High levels of Hp-HSP-60 antibod-
ies may constitute a marker and/or concomitant
pathogenic factor of the disease. 

Introduction

Several studies over the past two decades
have suggested an association between vari-
ous microbial infections with atherosclerosis
and coronary artery disease (CAD).1 Questions
were raised about the biological meaning of
such associations and the possible mechanism
by which infections could contribute to the
development and progression of atherosclero-
sis. One of the hypotheses is based on immune
mediated mechanism through heat shock pro-
teins (HSP).2 These proteins are highly con-
served in virtually all eukaryotes and prokary-
otes and, because of the structural similarity
between the microbial and human HSPs,
immune reactants against microbial HSP may
cross react with homologous host proteins in
the form of molecular mimicry.3

Recently virulent strains of H. pylori that
express cytotoxin associated gene A (cagA),
have been shown to be significantly associated
with CAD.4,5 heat shock proteins are known to
be expressed and secreted by H. pylori and by
endogenous cells within atherosclerotic
plaques.6 Given that H. pylori infection has
been shown to result in Immunoglobulin G
(IgG) antibodies against HSP-60, it has been
stated that this may promote the development
of atherosclerosis through interaction of H.
pylori immune reactants and host HSP-60.7

The main objectives of the present work
were: i) to study the association between viru-
lent H. pylori strains and CAD; ii) to estimate
the levels of IgG antibodies against Hp specific
HSP-60 (H. pylori specific heat shock protein-
60) in patients with CAD and healthy subjects;
and iii) to compare the prevalence of virulent
H. pylori infection and Hp-HSP-60 antibody
titers with various risk factors and cardiac
events. 

Materials and Methods

The present study was conducted in the
Department of Cardiovascular and Thoracic
surgery, Heart Foundation, KLE’s Dr.
Prabhakar Kore Hospital and Medical
Research Centre, Belgaum, India, during the
period from June 2009 to August 2010. The
study included one hundred patients undergo-
ing coronary artery bypass and grafting
(CABG), both males and females between 35
and 77 years of age, and an equal number of
age and sex matched healthy subjects who had
attended the medical outpatient department
for a routine health check up and were found
to be free of conventional cardiac risk factors
and CAD (negative tread mill test). The study
was approved by the Hospital Institutional

Review and Ethics Committee. Informed con-
sent was obtained from each participant before
enrolment.

All study subjects underwent a thorough
clinical examination and a detailed history was
collected and recorded. This included the pres-
ence of various risk factors such as hyperten-
sion, hyperlipidemia, diabetes mellitus and
smoking. Body mass index (BMI) was calculat-
ed and recorded for each subject. Previous his-
tory of myocardial infection (MI), presence or
absence of angina, number of blocked vessels,
and all other relevant clinical findings were
carefully noted for each patient.

A 10 mL blood sample was taken from each
participant and the serum obtained was frozen
in aliquots at -800°C and thawed only when
specific tests were performed. Commercially
available enzyme-linked immunosorbent assay
(ELISA) kits were used to determine the levels
of serum IgG antibodies to H. pylori, EUROIM-
MUN, and IgG antibodies to cagA gene product
of H. pylori, RADIM. The manufacturer’s guide-
lines were strictly adhered to when performing
the assays and interpreting the results of the
test. A value of 22 relative units/ mL was con-
sidered the upper limit of normal range for H.
pylori specific IgG levels and 15 relative
units/mL for cagA specific IgG antibodies.
Other relevant tests, including fasting blood
glucose and total lipid profile (total cholesterol,
HDL, LDL, and triglycerides) were carried out
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for each participant.
Standard strain of H. pylori (ATCC 43504)

was used for extraction of HSP-60 for subse-
quent studies and preparation of the in house
ELISA. Briefly, the lyophilized culture was
revived by inoculating into trypticase soy broth
and then plating on selective medium to obtain
bacterial growth. After confirming the growth
to be free of contamination, harvested bacteri-
al cells were killed and cell membranes rup-
tured by repeated freezing and thawing.8 The
soluble protein suspension of H. pylori was
then subjected to discontinuous polyacry-
lamide gel electrophoresis with 10% resolving
gel and 1% sodium dodecyl sulphate. The
bands of HSP-60 were identified, cut from the
gel, eluted and concentrated by dialysis.8,9 The
Hp-HSP-60 antigen obtained by the above
mentioned procedure was used for preparation
of plates for Indirect ELISA.10 A 96-well
microtiter plate was coated with Hp-HSP-60
protein (20 ug/50 uL/well) in 0.1 M carbonate-
bicarbonate buffer (pH9.6) at 4°C overnight.
After washing thoroughly with wash buffer
(PBS with 0.1% Tween-20), the wells were
blocked with 200uL of blocking buffer (PBS
containing 1% BSA) for 2 h at room tempera-
ture (RT). The plates were again washed,
sealed and stored at -20°C till used. To perform
the ELISA, plates were brought to RT and wells
were incubated with 100 uL of 100-fold diluted
sera for 2 h at RT. The wells were then incubat-
ed with horse radish peroxidise labelled sec-
ondary antibody for 1 h. Extensive washing
between steps was performed with wash
buffer. Color was developed with 100 uL of
TMB (tetramethylbenzidine) as substrate. The
reaction was terminated after 15 min of incu-
bation with 0.2N H2SO4 and optical density at
450 nm was measured. Recombinant HSP-60
(R & D systems) was used as a standard for
preparation and standardization of the proce-
dure. Calibration was performed against H.
pylori specific total IgG and the values were
expressed as relative units/mL.

Statistical analysis
Differences between groups were tested by

x2 for categorical variables. Logistical regres-
sion analysis was performed for adjusted age,
sex, cardiovascular risk factors (smoking,
hyperlipidemia, hypertension, diabetes melli-
tus and BMI) in a multivariate model.
Confidence intervals at the 95% level were cal-
culated for the odds ratios. P<0.05 was consid-
ered significant.

Results

The study included one hundred patients
undergoing CABG who were admitted to the

Heart Foundation of KLE’s Dr Prabhakar Kore
Hospital & Medical Research Centre, Belgaum,
India, for treatment. There were 80 men and
20 women aged 35-77 years (mean 58.9±8.85).
We also included one hundred healthy subjects
without any history of conventional cardiac
risk factors made up of 79 men and 21 women
aged 37-70 years (mean 58.7±4.99).

Among the patients, 55% gave a history of
diabetes mellitus, 65% had hypertension and
11% were smokers. The mean BMI was
23.6±3.61 which was similar to that of con-
trols. The mean values of cholesterol, LDL and
triglycerides were much higher in patients
than in control subjects. There was also a sig-
nificant difference in the fasting glucose levels
with 55% of patients having levels of more
than 110 mg/dL compared to 25% of controls
(P=0.0001) (Table 1).

When we assessed the presence of compli-
cations in the patients, it was seen that 88% of
them had history of angina (11% stable angi-
na, 77% unstable angina). Similarly, 28% of
patients had a previous history of MI and 67%
had triple vessel disease and 81% had left ven-

tricular ejection fraction of 60% or under.
Estimation of H. pylori specific IgG antibod-

ies showed that 70% of controls and 74% of
patients had positive titers (P=0.529). On the
other hand, estimation of IgG antibodies to
cagA gene product of H. pylori revealed that
there was a significant difference in the posi-
tivity rate (36% controls vs. 58% patients,
P=0.002) (Figure 1). 

We also analyzed the distribution pattern of
H. pylori and cag A IgG positivity (Figure 2)
and the results were highly significant with
50% of patients showing positive results for
both H. pylori and cag A IgG in comparison to
34% of controls. Cag A positivity (8% of
patients vs. 2% controls) was the only other
significant finding. 

Estimation of Hp-HSP-60 antibodies showed
that there was a significant difference in the
mean values between patients and controls
(27.9±11.90 vs. 18.7±6.65, P=0.000).
Furthermore, these antibody titres were arbi-
trarily divided into 5 categories (<10, 10.1-
19.9, 20-29.9, 30-39.9, >40 RU/mL) and the
seropositivity between patients and healthy
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Table 2. Multivariate analysis of risk factors.

Unadjusted Adjusted
Risk factor OR P 95% CI OR P 95%CI

H. Pylori 1.22 0.529 0.65-2.26
CagA+ve 2.45 0.002 1.39-4.34 1.64 0.178 0.79-3.37
Anti HSP-60 14.33 0.0001 5.36-38.29 14.03 0.0001 4.29-45.94
FBS (>110) 3.24 0.0001 1.80-5.83 2.19 0.035 1.06-4.56
BMI (>25) 0.80 0.454 0.44-5.83
Cholesterol 1.49 0.672 0.23-9.69
HDL 1.08 0.854 0.48-2.38
LDL 0.14 0.0001 0.05-0.39 0.14 0.0001 0.05-0.36
Triglycerides 3.05 0.007 1.35-6.92 3.08 0.005 1.39-6.79
OR, oddis ratio; CI, confidence interval; HSP-60, heat shock protein-60; FBS-Fasting Blood Sugar; BMI, body mass index; CagA, cytotoxin asso-
ciated gene A.

Table 1. Distribution of risk factors in patients and controls.

Features Patients Controls P

Age 58.9±8.85 58.7±4.99
Males 79 80
D. Mellitus 55% -
Hypertension 65% -
Smoking 11%
Body mass index 23.6±3.61 24.2±2.78 0.149
Fasting Glucose 125.2±49.49 104.1±12.82 0.0001
Cholesterol 155.8±30.31 138.9±32.86 0.0001
HDL 43.16±6.71 37.7±6.94 0.390
LDL 85.6±23.16 70.5±27.23 0.0001
Triglycerides 166.1±79.67 143.4±67.68 0.001Non
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subjects in each category were compared to the
distribution pattern of H. pylori and cagA
seropositivity. It was observed that a signifi-
cantly higher number of patients who were
positive for either only H. pylori (P=0.45) or
for both H. pylori and cagA (P=0.0001) had
much higher titers of Hp-HSP-60 antibodies
(Figure 3). An attempt was also made to corre-
late the prevalence of H. pylori, cagA seroposi-
tivity and Hp-HSP-60 antibody titers with vari-
ous cardiac events including MI, angina, left
ventricular dysfunction and number of blocked
vessels. The findings showed that even though
these various cardiac events occurred more
frequently in patients with cagA seropositivity,
the results were not significant. The most
notable factor was the strong correlation
between the occurrence of MI in patients with
higher titers of HpHSP-60 antibodies
(P=0.003) (Figure 4). 

Logistical regression analysis was per-
formed in a multivariate model on the results.
The analysis showed that cagA seropositivity
was highly significant before adjustment
(P=0.002). But after appropriate adjustments

were made for age, sex and conventional risk
factors, the significance became weaker, even
though the 95% CI continued to be quite rele-
vant (Table 2). On the other hand, presence of
HpHSP-60 antibody titers was highly signifi-
cant even after adjustment for risk factors
(P=0.0001). Among various risk factors stud-
ied, mean levels of fasting blood sugar, LDL
and triglycerides were highly significant by
multivariate analysis (Table 2).

Discussion

Chronic infections caused by various
microbes are considered to be a potential risk
factor for the development and progression of
CAD. One such organism is H. pylori whose
probable role in causing endothelial inflamma-
tion and subsequent damage has stimulated
keen interest in the medical community in
recent years.11,12 It has been suggested that
infection with H. pylori influences the develop-
ment of atherosclerotic changes in coronary

arteries postulating a damaging influence of
these microorganisms or their products on
coronary endothelium.6

A number of studies have been conducted in
the last one and half decades to correlate the
association between H. pylori infection and
CAD. Initially, the studies were confined only
to determine H. pylori seroprevalence and the
results were conflicting and controversial.13

This prompted researchers to look for better
markers that could clarify the controversy and
the immunodominant virulence marker cagA
was chosen for this purpose. Several studies
have shown positive association of virulent H.
pylori strains with CAD.13,14

The exact mechanism by which H. pylori
causes endothelial damage is not clear and
several different hypotheses have been sug-
gested. Among them, a popular postulate is
based on the immunological pathway in which
HSPs may act as targets for autoimmune reac-
tions. According to this theory, gastric infec-
tion with H. pylori activates immune mecha-
nisms due to cross-reacting antibodies of H.
pylori specific HSP with endothelial HSP of
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Figure 1. Prevalence of H. pylori and cytotoxin associated gene A,
Immunoglobulin G seropositivity in controls and patients.

Figure 2. Distribution of combination patterns of H. pylori and
cytotoxin associated gene A seropositivity in controls and
patients.

Figure 3. Distribution pattern of H. pylori specific heat shock
protein-60 antibody levels in H. pylori and cytotoxin associated
gene A infection.

Figure 4. Distribution of H. pylori specific heat shock protein-
60antibodies in patients with and without myocardial infarction. 

Non
-co

mmerc
ial

 us
e o

nly



[page 64] [Microbiology Research 2012; 3:e15]

human origin.7,15

Heat shock proteins are a class of intracellu-
lary located functionally related proteins. Their
expression is increased in response to envi-
ronmental stress such as exposure to inflam-
mation, infection and oxidizing agents and
they then present on the cell surface.16,17 It has
been postulated that surface expression of
these usually intracellular molecules make
them appear like cryptic antigens and the
human immune system recognizes them as
foreign.18 The fact that HSPs are highly con-
served in all eukaryotes and prokaryotes, led to
the hypothesis that immune reactants against
microbial HSP may cross-react with homolo-
gous host proteins in a form of molecular mim-
icry.3,17 Heat shock proteins are known to be
expressed and/or secreted by a range of
pathogens including H. pylori and by endoge-
nous cells such as macrophages, smooth mus-
cle cells and cells lining the vessel wall.6

Among various HSP families, autoimmune
responses targeted to HSP-60 play a role in the
pathogenesis of atherosclerosis as suggested
by several observations that include: i)
increased expression of human HSP 60 on
endothelial cells in atherosclerotic lesions; and
ii) correlation of the severity of CAD with the
titers of anti-human HSP 60 antibodies.18

To our knowledge, so far there have been no
reports of such studies being conducted in
India even though the prevalence of H. pylori
infection is quite high.19 In the present study,
the incidence of H. pylori seropositivity was
quite high (70% in controls versus 74% in
patients) and there was no significant differ-
ence between the two groups studied. Similar
findings have been reported by several other
workers.20,21 On the other hand, there was a
marked difference in the prevalence of cagA
positive strains between patients and control
subjects. Even after adjustment for confound-
ing factors, the association remained weakly
significant (OR 1.64, 95% CI 0.79-3.368).
These findings are similar to the observations
made by several other authors who have ana-
lyzed various studies.4,5 Most of these studies
have supported an association between H.
pylori cagA positive strains and ischemic
stroke and CAD.

The most notable finding in our study was
the strong association between Hp-HSP-60
antibody levels and CAD. Not only were the
mean levels high, but also the antibody titers
were significantly high in a greater number of
patients in comparison to controls.
Furthermore, the higher antibody titers corre-
lated strongly with H. pylori and cagA seropos-
itivity. The association remained highly signif-
icant by multivariate analysis, even after
adjustment for all the confounding risk factors
(OR 14.03, 95% CI 4.29-45.94, P=0.0001).
Another important observation was the detec-

tion of higher titers of Hp-HSP-60 antibodies
in patients with MI that clearly indicates the
importance of these antibodies in the occur-
rence of cardiac events. A similar type of a
study was conducted by Lenzi et al.22 in
patients with stable angina who showed a
strong correlation between Hp-HSP-60 anti-
bodies and CHD.

Several studies have confirmed the associa-
tion between high antibody titers against HSP-
60 and CAD.23,24 Many groups have subse-
quently verified the atherogenic role of anti-
bodies against HSP-60s.25-27 Antibodies
against HSP-60s have now been well estab-
lished as risk factors for CAD prevalence, inci-
dence and mortality.7,12

To date, there have been very few studies
conducted on the role of Hp-HSP-60 in athero-
genesis and those few have shown a positive
association between antibodies to Hp-HSP-60
and CAD.7,12,22 In fact, our work highlights the
role likely to be played by H. pylori infection
and the possible underlying mechanism in the
development and progression of CAD. 

Conclusions

In conclusion, it appears that virulent
strains of H. pylori have a higher prevalence in
patients with CAD and H. pylori infection stim-
ulates antibody production against Hp-HSP-60
which may exacerbate the condition by molec-
ular mimicry. However, further prospective
studies with larger sample sizes are needed to
confirm these findings.
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