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ABSTRACT
Objective: This study aimed to measure the serum concentrations of several cytokines in patients with infective endocarditis (IE), and correlate them with the C-reactive protein serum levels, echocardiographic findings and infecting microorganisms. Methods: Forty-five patients with definite IE according to the Duke’s criteria were included in the study.
Ten healthy blood donors formed the control group. Serum levels of interleukin (IL) 1β, IL-6, IL-8, IL-10, IL-12 and
tumor necrosis factor-α (TNF-α) were measured and compared between the groups, and also with some clinical and
laboratory parameters of IE. Results: Patients with IE had significantly higher serum concentrations of the inflammatory mediators than the control patients. Median IL-12 and IL-1β levels were higher in staphylococcal than streptococcal IE. Except for TNF-α, the levels of all the other cytokines correlated with the C-reactive protein concentrations. In
multivariate analysis, IL-10 and IL-12 serum levels remained as independent factors associated with the C-reactive protein concentrations. There was a significant correlation between IL-10 concentration and vegetation length. Conclusion:
The inflammatory serum cytokines levels were elevated in IE in comparison to healthy controls. C-reactive protein concentrations correlated with cytokines levels. IL-1β and IL-12 serum concentrations were higher in staphylococcal when
compared to streptococcal IE. IL-10 levels were associated with vegetation size.
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1. Introduction
Infective endocarditis (IE) remains a severe disease associated with a high mortality rate despite recent advances
in its diagnosis and treatment [1-4]. This disorder presents in a variety of clinical forms according to the initial
clinical manifestation, underlying cardiac disease, microorganism involved, and development of complications
[5]. Currently, the presentation of IE has changed
throughout the world, with a reduction in the classic
clinical findings traditionally associated with this condition, which can make its diagnosis difficult [2,6]. Several
factors affect outcome in IE. The infecting microorganism and diagnostic delay are well-known determinants of
the outcome [7,8]. Echocardiography plays a known key
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role in the diagnosis of this condition, but echocardiograph findings should be interpreted taking into account
the clinical features [9,10]. Blood cultures pose an inherent delay, which may contribute to the high morbidity
and mortality rates traditionally observed in patients suffering from blood culture-negative endocarditis [11].
Considering the infective-inflammatory nature of IE, it is
possible to suggest that serum inflammatory markers
may contribute to the diagnosis and management of this
condition [4,12]. Cytokines are small peptides produced
when sensitized lymphocytes come directly into contact
with an antigen; therefore, they are elevated in a number
of conditions such as infectious processes, burns and
other inflammatory disorders as part of the systemic inflammatory response [4,11-17]. Thus, considering the
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potential use of these immune system molecules in diagnosing and monitoring IE, we measured the serum concentrations of several inflammatory cytokines in a group
of patients with IE, and correlated them with the C-reactive protein levels, echocardiographic findings, and infecting microorganisms.

2. Methods
2.1. Patient Population
From September 2005 to July 2010, 101 consecutive patients with definite IE according to the Duke’s criteria
[18] were admitted to the University Hospital, Federal
University of Minas Gerais, Belo Horizonte, Brazil. Serum samples from 45 of these patients were obtained to
assess the concentrations of some cytokines (see below).
Written informed consent was obtained from all the patients, as required by the institutional Ethics Committee.
Transthoracic (TTE) and/or transesophageal echocardiography (TEE), as clinically indicated, were performed
as previously described [10]. The presence and characteristics of the following findings were investigated:
vegetation, abscess, new dehiscence, and new moderate
or severe valvular regurgitation. Blood cultures, complete blood count, serum C-reactive protein levels, serum
chemistry and urine analysis comprised the routine laboratory investigations that were recorded. Serum samples, obtained within the first 72 hours of admission,
were analyzed for the following markers: interleukin (IL)
1β, IL-6, IL-8, IL-10, IL-12 and tumor necrosis factor-α
(TNF-α). Serum samples from 10 healthy blood donors
(control group) were also assayed. Cytokine concentrations were measured by cytometric bead array.

2.2. Cytometric Bead Array Assay
The cytometric bead array (CBA) kit (Becton Dickinson
[BD], Pharmingen, San Diego, USA) was used for quantitative analysis of serum cytokines following the instructions of the manufacturer, and as previously described.
[19] Briefly, a mixture of beads specific for the human
cytokines—IL-1β, IL-6, IL-8, IL-10, IL-12 and TNF-α—
with distinct fluorescent intensities (in the FL-3 channel)
were coated with capture antibodies specific for each
cytokine. A second fluorescently labeled PE-anti-cytokine antibody was added, and the concentrations of the
individual cytokines were indicated by their fluorescent
intensity. Data were acquired using a FACScalibur flow
cytometer (Becton Dickinson, USA). BD CBA software
(Becton Dickinson, USA) was used for sample analysis.
The results were based on standard concentration curves
and expressed as pg/ml.

2.3. Statistical Analysis
Data were summarized as means ± standard deviation
Copyright © 2013 SciRes.

(SD), medians and interquartile range or proportions. All
data sets were non-Gaussian in distribution and non-parametric analyses were used to compare the median concentrations of each cytokine. Cytokines associated with Creactive protein were identified by univariate linear regression analysis, and multivariate analysis was performed to identify the cytokines with a significant independent relationship to C-reactive protein. The analyses
were performed using SPSS statistical software (version
18.0; SPSS, Chicago, IL).

3. Results
Forty-five patients with IE diagnosed according to the
Duke’s criteria (major and/or minor) were included in the
study. Mean age was 42 ± 16 years (range, 15 - 76 years),
and 23 (51%) individuals were male. The main causative
microorganisms were staphylococci, streptococci, and
enterococci. Early surgery was performed in 12 (27%)
cases, and 10 (22%) patients died. Patients with IE had
significantly higher serum concentrations of the inflammatory mediators than the control patients’ serum (Table
1). Infecting microorganisms were isolated from 26 patients (58%). There were no significant differences of
cytokine concentrations between patients with positive
and negative blood cultures.
In order to assess the levels of the cytokines according
to the infecting microorganism, the patients were stratified on the basis of staphylococcal or streptococcal IE
(Table 2). Median IL-12 serum levels were higher in the
cases of staphylococcal IE (87 pg/ml; range 36 - 708
pg/ml) than in those of IE caused by streptococci (43
pg/ml; range 31 - 224 pg/ml; p = 0.023). Likewise, IL-1β
serum concentrations were higher in the patients with
staphylococcal IE (95 pg/ml; range 56 - 197 pg/ml) in
comparison with those with streptococcal IE (65 pg/ml;
range 49 - 263 pg/ml; p = 0.019).
C-reactive protein serum concentrations did not differ
significantly regarding the microorganisms. There was
no correlation between leukocyte counts and serum concentrations of the cytokines. Except for TNF-α, the levels
of all the other cytokines correlated with the C-reactive
protein serum concentrations: IL-12 correlated negatively;
and the other cytokines, positively (Table 3). At multivariate analysis, IL-10 and IL-12 concentrations remained as independent factors associated with the C-reactive protein levels in the group of patients with IE.
There were not any significant differences in the serum
levels of all the cytokines analyzed, when the patients
who died or needed valvular surgery were compared to
those successfully treated with antibiotics alone. However, a significant positive correlation was observed between IL-10 concentrations and vegetation length assessed by echocardiography (r = 0.44; p = 0.016). No
other association was found between the cytokine serum
AID
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Table 1. Median serum concentrations of the measured inflamatory cytokines in the IE and control patients.
Cytokines*

Patients (n = 45)

Controls (n = 10)

P value

IL-6 (pg/ml)

223 [135 - 373]

32 [0 - 322]

0.006

IL-8 (pg/ml)

334 [172 - 531]

184 [112 - 289]

0.040

IL-10 (pg/ml)

74 [61 - 91]

0 [0 - 12]

<0.001

IL-12 (pg/ml)

62 [48 - 122]

6 [0 - 8]

<0.001

TNF-α (pg/ml)

52 [44 - 69]

0 [0 - 47]

0.001

IL-1β (pg/ml)

86 [63 - 126]

0 [0 - 222]

0.006

IE-infective endocarditis; IL-interleukin.

Table 2. Median serum concentrations of the measured inflammatory cytokines in the IE patients for different groups
of infecting microorganisms.
Cytokines* Staphylococci (n = 45) Streptococci (n = 10) p value
IL-6 (pg/ml)

177 [115 - 401]

133 [85 - 295]

0.412

IL-8 (pg/ml)

310 [171 - 505]

204 [135 - 503]

0.818

IL-10 (pg/ml)

77 [62 - 90]

76 [62 - 122]

0.895

IL-12 (pg/ml)

87 [58 - 197]

43 [38 - 60]

0.023

TNF-α (pg/ml)

66 [60 - 80]

51 [43 - 64]

0.131

IL-1β (pg/ml)

95 [80 - 125]

65 [62 - 71]

0.019

*

Values are expressed as median (inter-quartile range).

Table 3. Correlation between serum cytokine and C-reactive protein concentrations in the IE patients.
Cytokines*

r

P value

IL-6 (pg/ml)

0.280

0.044

IL-8 (pg/ml)

0.335

0.020

IL-10 (pg/ml)

0.418

0.004

IL-12 (pg/ml)

−0.347

0.016

TNF-α (pg/ml)

0.194

0.121

IL-1β (pg/ml)

0.219

0.094

IE-infective endocarditis; r-correlation coefficient; IL-interleukin.

levels and each of the different echocardiographic parameters evaluated or valve involved.

4. Discussion
The pathogenesis of IE involves the formation of septic
vegetation and inflammatory reaction in the infected
valves or adjacent endocardium [8,20]. Several cytokines
are essential for initiating and maintaining the inflammatory response by recruiting leukocytes to the sites of infection [4,8,12,16,17]. The present study confirmed that
proinflammatory cytokines are elevated in serum from IE
patients compared to health subjects. Correlations between serum levels of cytokines and C-reactive protein
were also observed. There was a positive correlation between IL-10 concentration and vegetation length. FurCopyright © 2013 SciRes.
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thermore, IL-1β and IL-12 serum levels were considerably higher in staphylococcal than streptococcal IE.
Major predisposing conditions for the development of
IE are the presence of a cardiac platelet-fibrin vegetation
and circulating bacteria with relatively low susceptibility
to microbicidal activity of blood platelets [15]. Inflamed
endothelia produce cytokines, integrins and tissue factor,
which, in turn, attract fibronectin, monocytes, and platelets. Bacteria attaching to such structures further activate
the inflammatory cascade, becoming embedded and protected from the host defenses. The intensity of inflammation and tissue destruction may vary depending on bacterial species and distribution of the inflammatory infiltrate
[9]. Persistent or recurrent inflammation induced by residual septic vegetations after antibiotic therapy may lead
to valve damage, which is one of the most severe complications of IE.
Recent appreciation of the specific roles of some cytokines in inflammation has allowed further understanding of some pathophysiological findings of IE. Previous
studies showed that serum levels of inflammatory cytokines are elevated in IE patients, and decrease after the
initiation of antimicrobial treatment. Rawzczynska-Englert
[21] demonstrated that in the control patients with urinary tract infections, serum IL-6 titers were elevated,
but not as high as those observed in the patients with IE.
However, differently from our results, the levels of TNFα were not elevated in the IE patients. In another investigation[17], serum TNF-α concentrations were measured
in streptococcal IE; and with the exception of the “complexes” cases, this cytokine was undetectable. The differences in TNF-α detection observed between these
studies and ours may be, at least partially, to the higher
sensitivity of the technique employed in our investigation.
TNF-α is a potent proinflammatory cytokine that can
stimulate chemokine production by endothelial cells and
fibroblasts in vitro [22]. In the present study, IE patients
had significantly higher serum concentrations of the measured cytokines than the control subjects. Additionally,
there was a positive correlation between the concentrations of most evaluated cytokines and the C-reactive protein levels, suggesting that the overproduction of these
inflammatory markers correlates with the inflammatory
activity. Curiously, although the TNF-α levels were elevated, they did not correlate with the C-reactive protein
concentrations.
Alter et al. [12] measured the levels of IL-2 receptor
(IL-2R) and IL-6 in serum from 47 patients with IE. Both
molecules were elevated prior treatment and decreased
during antibiotic administration. IL-2R and IL-6 titers
were also high in culture negative IE cases. Similarly, in
our study, the concentrations of the cytokines were significantly elevated in IE independently of the status of
the blood cultures.
Although streptococcal and Staphylococcus aureus IE
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share the same primary site of infection, their pathogenesis and clinical evolution have several major differences.
Streptococci adhere to the cardiac valves with pre-existing endothelial lesions. In contrast, S. aureus is able to
colonize damaged endothelium or invade physically intact endothelial cells [8]. S. aureus is associated with
both a higher rate of complications and mortality in IE.
We found that IL-12 serum concentrations were higher in
patients with endocarditis caused by S. aureus compared
with streptococcal IE. This finding is in agreement with
the observation that pathogens can differ in their abilities
to induce inflammatory and immunoregulatory cytokines
[4]. This may be due to the more virulent nature of S.
aureus, which in turn causes IE of more aggressive
course. It remains uncertain whether initial high cytokine
titers are associated (or not) with a worse prognosis.
An effective host defense against bacterial invasion is
characterized by a vigorous recruitment and activation of
inflammatory cells, which are modulated by the coordinated expression of both pro- and anti-inflammatory cytokines. Various organisms can initiate cell mediated
immunity by stimulating macrophages to produce IL-12.
IL-10 inhibits gamma-interferon (IFN-γ) synthesis, and
therefore the production of proinflammatory cytokines
such as IL-12 and TNF-α. The inhibiting effects of IL-10
on cytokine production correlate with their antiinflammatory effects in vivo [16]. Thus, it would be expected
an inverse relation between vegetation size and serum
IL-10 concentrations, which is the opposite of what was
observed in our study. It is difficult to explain this finding, as in addition to the important and cross-regulatory
roles of IL-10, IFN-γ, IL-12 and TNF-α in infection [14],
the immune process in IE is very complex and several
factors may be involved.
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5. Conclusion
The proinflammatory cytokines were elevated in the IE in
comparison to healthy controls. C-reactive protein levels
correlated with cytokines. IL-1β and IL-12 serum concentrations were considerably higher in staphylococcal when
compared to streptococcal IE. IL-10, which has antiinflammatory effects, was positively correlated with the
size of the vegetation. The role of serum cytokine concentrations as predictors of outcome in IE remains unclear.
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