
INTRODUCTION

Infective endocarditis (IE) is thought to initiate with the adher-
ence of circulating microorganisms to preinjured cardiac tissue
[1]. Proliferation of these microorganisms leads to the formation
of the typical thrombotic lesion of the disease, with an accumula-
tion of bacteria, platelets and fibrin [2]. Despite the sensibility of
the infective pathogens to antibiotic therapy, IE remains a severe
clinical condition. This is due mainly to the high concentration of
microorganisms trapped in the vegetation and their apparent lack
of access to phagocytosis [3].

In the course of IE, patients tend to develop high titres of 
specific antibodies against the causative microorganism. Despite
the strong antibody response, the infection is not terminated. The
continuous formation of circulating immune complexes (CIC) is
followed by deposition in tissue, leading consequently to tissue
injury [4]. Despite controversial discussion on the exact nature of

the immune-mediated injury in IE, there is increasing evidence
that CIC play a major pathogenic role in this disease [5,6]. In
several studies, a high prevalence of CIC has been observed in IE
patients [7–9]. Extravalvular manifestations of IE present many
clinical features of an immune complex disease, and studies on
tissue lesions are compatible with those known from immune
complex deposition [10]. Although it is well known that CIC acti-
vate the complement system, its demonstration in IE patients has
not yet been documented. In fact, the involvement of complement
in the disease has been based mainly on studies of complement
protein levels [4,6,11], haemolytic titres and complement deposi-
tion in tissue lesions as demonstrated by immunohistological
analysis [12,13].

The complement system represents one of the major media-
tors of inflammation and immune response. Once activated
through the classical, alternative and the newly described mannan
binding lectin (MBL) pathways, split products especially of C3
and C5 provoke multiple biological effects. The anaphylatoxins
C3a and C5a are potent inflammatory mediators, causing smooth
muscle contraction, increased vascular permeability and de-
granulation by mast cells and basophils of histamine and other
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SUMMARY

In an infectious process complement activation is necessary for a proper immune and inflammatory
response, but when exacerbated may cause tissue injuries. In infective endocarditis (IE) patients tend
to develop high titres of circulating immune complexes (CIC) that activate complement. The aim of
this study was to evaluate for the first time complement activation in IE for possible correlation with
extracardiac manifestations and clinical prognosis. Twenty patients with IE, 14 healthy controls and 15
patients presenting mitral and aortic valve lesions (with no signs of either infection or other associated
diseases), were studied. Plasma levels of C3adesArg, SC5b-9, C1rs-C1Inh and C3b(Bb)P were deter-
mined by ELISA and C3d by double decker immunoelectrophoresis. C3 and C4 levels were assayed
by turbidimetry and CIC by ELISA. Elevation of plasma levels of all complement activation products,
with the exception of C3b(Bb)P, indicated a significant classical pathway activation in IE patients when
compared to controls (C3d: P < 0·00004; C3adesArg: P < 0·03, SC5b-9: P < 0·01, C1rs-C1Inh: P <
0·00007). CIC levels were significantly increased (P < 0·005) and C3 reduced in IE patients (P < 0·05).
Elevated C3d (P < 0·02) and C3adesArg (P < 0·03) levels were associated with pulmonary manifesta-
tions. In addition, C3d was significantly elevated in the patients who died when compared to those who
had a good recovery (P < 0·02). Our data demonstrate the activation of the complement classical
pathway, most probably mediated by CIC, in IE and suggests C3d and C3adesArg as possible markers
for extracardiac lesion and severity of the disease.
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vasoactive substances. In addition, C5a is strongly chemotactic for
phagocytic cells, inducing their activation and release of lysoso-
mal enzymes and oxygen radicals [14]. C3b and C4b prevent
immune complex aggregation and promote their transportation,
mediated predominantly through their binding to the comple-
ment receptor CR1 on red blood cells, to the mononuclear phago-
cytic system [15]. C3b and C4b also act as opsonins, supporting
phagocytosis and elimination of pathogens. Finally, the terminal
membrane attack complex C5b-9 is potentially injurious to all cell
membranes, causing their direct cell lysis. In sublytic amounts,
C5b-9 has the ability to release inflammatory mediators from
macrophages, neutrophils and platelets, such as arachidonic acid,
prostaglandin E2, thromboxane, leukotriene B4, IL-1 and oxygen
radicals [16].

Thus, complement activation may exert a considerable proin-
flammatory effect in the course of IE and in the development of
the extravalvular manifestations. In the present study we there-
fore investigated the activation of complement in patients with IE
and present evidence that complement split products may be suit-
able markers of extracardiac manifestations and severity of the
disease.

PATIENTS AND METHODS

Patients
Twenty patients (14 men and six female) with a mean age of 37·9
years (range 15–76 years), who fulfilled the diagnosis criteria for
IE, based on clinical, histopathological, blood culture and
echocardiographic features according to Durack et al. 1994 
[17], were included in this study after informed consent. 
Eighteen patients (90%) presented extravalvular manifestations.
The most frequent extracardiac manifestations observed were
splenomegaly (30%), renal (50%), neurological (25%) and pul-
monary (35%) complications (Table 1). Eight patients presented
a disease onset period of less than 4 weeks (acute evolution) and

12 patients had a disease onset of more than 4 weeks (chronic
evolution). Regarding clinical outcome, 14 patients were healed
by clinical and/or surgical treatment and six died. Eleven patients
(55%) showed the presence of microorganisms in their blood 
cultures [Staphylococcus aureus (n = 4), Streptococcus viridans 
(n = 2), Haemophilus influenza, Enterobacter sp., Enterococcus
faecalis, Pseudomonas aeruginosa and Staphylococcus (one 
positive each)].

Controls
Clinical controls. Clinical controls comprised 15 patients with

valvular heart disease (nine male and six female), with a mean
age of 42·0 years (range 25–79), 11 of them presenting mitral 
and four of them aortic valve commitments. All patients were
clinically stable, without history of intravenous drug abuse, signs
of infection, acute rheumatic fever or any other associated
disease.

Healthy controls. Fourteen volunteers (seven male and 
seven female, 20–53 years, mean 33·0 years) served as normal 
controls. None of them presented any history of previous drug
use, infection or other associated disease.

Plasma and serum samples
Venous blood was drawn from each subject to obtain serum and
ethylenediaminetetraacetic acid (EDTA) plasma. Blood samples
were centrifuged at 4°C and plasma and serum were divided into
aliquots and stored at –70°C until assayed. Samples from the IE
patients were taken at the beginning of the antibiotic therapy
(between the 2nd and 4th day).

Complement assays
SC5b-9. In brief, SC5b-9 was measured by enzyme-linked

immunosorbent assay (ELISA) using a monoclonal antibody
against a neoantigen according to Mollnes et al. [18], with minor
modifications. Fifty ml of anti SC5b-9 (MoAb aE11 1 mg/ml) in car-

Table 1. Diagnostic criteria and clinical findings in patients with infective endocarditis

Patient Diagnostic criteria Evolution Blood culture Extracardiac manifestations

1 2 major Cure Staphylococcus aureus Pulmonar, renal
2 Pathologically definitive Surgery Negative Renal
3 1 major + 3 minor Death Negative Central nervous system (CNS), renal
4 2 major Death Staphylococcus aureus Splenomegaly, pulmonar, dermatological, renal
5 1 major + 3 minor Death Pseudomonas aeroginosa Renal, pulmonar
6 Pathologically definitive Surgery Negative Renal
7 2 major Death Staphylococcus aureus Osteoarticular manifestations.
8 Pathologically definitive Death Haemophilus influenza CNS
9 Pathologically definitive Surgery Negative CNS

10 2 major Surgery Streptococcus viridans CNS, splenomegaly, renal
11 2 major Surgery Staphylococcus aureus Renal, pulmonar
12 1 major + 3 minor Surgery Enterobacter sp. Splenomegaly
13 2 major Surgery Enterococcus faecalis CNS, splenomegaly
14 1 major + 3 minor Death Negative Pulmonar
15 2 major Surgery S. aureus (coagulase neg) Renal
16 2 major Surgery Negative Splenomegaly, pulmonar, renal
17 5 minor Cure Streptopcoccus viridans None
18 2 major Surgery Negative Splenomegaly, osteomuscular
19 1 major + 3 minor Surgery Negative None
20 1 major + 3 minor Surgery Negative Pulmonar
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bonate buffer (pH 9·6) were used to coat microtitre plates (Nunc,
Wiesbaden, Germany) overnight at 4°C. The following steps of
blocking and washing were performed with PBS-gelatine 0·25%
(Sigma, St Louis, MO, USA) and with PBS containing 0·1%
Tween 20 (Serva, Heidelberg, Germany), respectively. The
plasma samples were diluted 1 : 3 in PBS-EDTA and applied in
duplicates. After incubation for 60 min at room temperature,
rabbit antihuman C5 IgG (Dakopatts, Glostrup, Denmark) fol-
lowed by peroxidase-conjugated goat antirabbit IgG was added
and the reaction was visualized by addition of o-phenylamine-
diamine (OPD) (Dakopatts, Glostrup, Denmark) and H2O2.
Optical density (O.D.) was read on an ELISA reader (Sorin, Bio-
medica Vercelli, Italy) at 492 and 630 nm. Zymosan-activated
serum calibrated with purified SC5b-9 was used as standard.

C3d. The concentration of C3d was evaluated by 
double-decker rocket immunoelectrophoresis assay according to 
Brandslund [19].

C1rs-C1Inh and C3b(Bb)P. Specific activation of the classical
and alternative pathways was analysed by measuring the
protein–protein complexes C1rs-C1inhibitor (C1rs-C1Inh) and
C3b(Bb)P, respectively, by ELISA, basically as described in 
Cat et al. 1993 [20]. Briefly, microtitre plates (Nunc) were coated
with rabbit antiC1Inh IgG (Dakopatts) or goat antiproperdin 
IgG (Baxter, Unterschleisheim, Germany). After blocking unspe-
cific binding sites, appropriate dilutions of the EDTA plasma
samples were incubated. The activation-specific protein com-
plexes were detected by goat antiC1s IgG (Baxter) or rabbit
antiC3c IgG (Dakopatts), respectively, followed by the appro-
priate peroxidase-labelled third antibody (Dianova, Hamburg,
Germany). The reaction was visualized by the addition of 
o-phenylenediamine/H2O2 as substrate. Purified C1rs-CInh
complex or inulin-activated normal serum [C3b(Bb)P] were 
used as standards [normal ranges (x ± 2 s.d.) as measured in
EDTA-plasma of 55 healthy blood donors were 110–260 U/ml
C1rs-C1Inh and 5–20 U/ml C3b(Bb)P, respectively].

C3a/C3adesArg. C3a/C3adesArg was determined by ELISA
(Progen, Heidelberg, Germany) according to the manufacturer’s
instruction. C3 and C4 levels were determined by turbidimetry,
using polyclonal specific antisera following manufacturer’s
instruction (Boeringer,Mannhein, Germany).

Other assays
Rheumatic factor. Analysis of RF was performed by aggluti-

nation of IgG-coated latex particles according to standard tech-
niques.

CIC. The determinations of CIC levels were realized by
ELISA using goat IgG anti-C1q or human anti-C3 (Sigma, St
Louis, MO, USA) according to Pereira et al. [21].

Statistical analysis
The Mann–Whitney unpaired nonparametric and Student’s t-tests
were used to compare data between patients and controls as indi-
cated. Correlation coefficients were determined by the method of
linear correlation of Pearson. Differences were considered to be
significant at P < 0·05.

RESULTS

All markers for complement activation with the exception of
C3b(Bb)P showed statistically significant results (P < 0·05) when
comparing the IE patients with both the control groups (Figs 1
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and 2). The most significant results were observed in the levels of
C3d [IE ¥ healthy controls (HC): P = 0·000015 and IE ¥ clinical
controls (CC): P = 0·000035], C3adesArg (IE ¥ HC: P = 0·00049
and IE ¥ CC: P = 0·029), C1rs-C1Inh (IE ¥ HC: P = 0·000025 and
IE ¥ CC: P = 0·000069) and SC5b-9 (IE ¥ HC: P = 0·00014 and
IE ¥ CC: P = 0·013). These results demonstrated a preferential
activation of the classical pathway in IE patients. The plasma con-
centrations of C3adesArg and of SC5b-9 were also significantly
higher in clinical controls when compared to healthy controls (P
= 0·000493 and P = 0·0008, respectively) (Fig. 2). Regarding acti-
vation of the alternative pathway, only five (25%) of the 20 IE
patients had elevated levels of C3b(Bb)P when compared with
the controls (P = n.s.). The mean levels of C3 and C4 remained
within the normal range in IE patients as well as in controls (Fig.
3). The levels of C3 were lower in IE patients in comparison with
the CC (P = 0·048). C3 and C4 levels did not correlate with any
of the activation products, indicating that the levels of C3 and C4
are not reliable in demonstrating complement activation.

Increased CIC levels were found in 7/20 (35%) of the IE
patients (CIC-C3) but in only 1/20 (5%) (CIC-C1q) (this patient
was positive by both methods). None of the healthy controls had
detectable levels of CIC. Among the clinical controls, however,
two individuals (13%) showed low but detectable levels of CIC
(C3). There was a statistically significant difference for CIC values
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Fig. 1. Levels of complement activation products C3d, C1rsC1Inh and
C3(Bb)P in the patients with infective endocarditis and controls. C3d: P =
0·00001 (HC versus IE) and P = 0·0003 (CC versus IE). C1rsC1Inh: P =
0·00002 (HC versus IE) and P = 0·00007 (CC versus IE). C3(Bb)P: P = n.s.

, Healthy controls; , clinical controls; , patients’ IE.
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Fig. 2. Levels of complement activation products C3adesArg and SC5b-9
in the patients with infective endocarditis and controls. C3adesArg: P =
0·0005 (HC versus IE) and P = 0·03 (CC versus IE). SC5b-9: P = 0·0001
(HC versus IE) and P = 0·013 (CC versus IE). , Healthy controls; ,
clinical controls; , patients’ IE.
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when comparing IE patients with both the clinical (P = 0·004) and
healthy controls (P = 0·0055) (Fig. 3). All IE patients with posi-
tive CIC showed increased levels of C1rs-C1Inh when compared
to the controls but normal levels of C3b(Bb)P, indicating a pref-
erential activation of the classical pathway. An inverse correlation
between CIC and C4 levels (P = 0·013) supported the notion of
complement consumption by the classical pathway.

Rheumatoid factor was positive in six (30%) IE patients and
three of them were positive for CIC. No significant correlation
with the presence of rheumatoid factor and complement activa-
tion was observed.

Mean plasma concentrations of C3d, C3adesArg, SC5b-9,
C1rs-C1Inh and C3b(Bb)P were higher in patients with pul-
monary manifestations when compared with those without such
manifestations; however, the only significant results were for C3d
(P = 0·003) and C3adesArg (P = 0·03). No significant correlations
of complement activation and/or CIC levels with splenomegaly,
renal and neurological manifestations were observed.

There was no significant difference in the levels of comple-
ment activation products between the patients with and without
positive blood culture. Although all the patients with positive
blood cultures showed elevated levels of C1rs-C1Inh, indicating
activation of the classical pathway, none of them had evidence 
of complement activation by the alternative pathway. Patients
infected with Staph. aureus showed higher levels of C3d,
C3adesArg, SC5b-9 and C1rs-C1Inh than patients infected 
with other microorganisms. Patients with positive blood cultures
showed more CIC frequently than those with negative blood
culture (54% versus 12·5%), suggesting an association of CIC 
production with the presence of bacteria.

Regarding the clinical outcome, we observed that the levels
of C3d and C1rs-C1Inh were higher in terminal patients when
compared to those who had a good recovery, with differences in
levels of C3d being statistically significant (P = 0·02).

DISCUSSION

Numerous studies have been performed to elucidate the patho-
physiological mechanisms involved in the course of IE [2,3,5]. The
binding of circulating bacteria, in most cases of low virulence, to
an injured valve cannot account alone for inducing the primary
thrombotic lesion and subsequent embolization nor for the broad
and severe clinical manifestations of the disease. It is now clear
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Fig. 3. Levels of complement C3, C4 and CIC(C3) in the patients with
infective endocarditis and controls. C3: P = n.s. (HC versus IE) and P =
0·048 (CC versus IE). C4: P = n.s. (HC versus IE) and P = 0·0007 (CC
versus IE). CIC (C3): P = 0·0055 (HC versus IE) and P = 0·004 (CC versus
IE). , Healthy controls; , clinical controls; , patients’ IE.

that many clinical and histological features of IE, thought initially
to be induced by bacterial tissue invasion, are mediated immuno-
logically [4–9,11,22]

The presence of CIC in IE was suggested first upon findings
of complement consumption [22] and cryoglobulinaemia [23].
Today, it is well accepted that high levels of CIC are a common
feature of bacterial endocarditis [24], correlating with disease
activity and with renal and vascular lesions [24,25]. The involve-
ment of complement in IE has been drawn from different studies.
Complement consumption indicated by a reduction in serum
complement levels that returned to normal after antibiotic
therapy has been demonstrated elsewhere [7]. Decreased levels
of haemolytic titres of the whole complement classical pathway,
indicating complement activation, have also been described
[4,8,11]. In addition, deposition of complement components on
basement membranes was reported from immunofluorescence
studies on renal biopsies and on cardiac valves [26,27]. Elevated
complement split products in IE patients have been reported by
Pocidalo et al. [28] and Enriquez and Reyes [29], the latter sug-
gesting C3d as a useful differential diagnostic marker between IE
and acute rheumatic fever. In our study, we present evidence of
complement activation which is based on a comprehensive analy-
sis of the system. All complement activation products, with the
exception of C3b(Bb)P, showed significantly elevated levels in IE
patients when compared to the controls, supporting the notion
that complement activation products are useful diagnostic
markers. We also observed that levels of both C3 and C4 in IE
remained in the normal range, indicating a lack of sensitivity of
these traditional complement parameters to reflect complement
activation [30]. As several complement proteins, including C3 and
C4, behave as acute phase proteins, assessment of complement
protein levels is often inadequate to detect complement activa-
tion, since an increased synthesis may mask accelerated catabo-
lism. In addition, the range of normal complement protein
concentration is wide, low levels may be related to deficiency
states and differences may be significant among distinct racial
groups. Therefore, measurement of activation products such as
split products or protein–protein complexes has proved to be
more accurate in assessing complement activation [30]. By the
measurement of pathway-specific protein–protein complexes
[C1rs-C1Inh and C3b(Bb)P] we were able to identify the partici-
pation of the classical pathway in the disease process and its im-
plication in the extracardiac lesions observed in IE. It is well
established that the classical pathway is mainly antibody-driven
and that antibody–antigen complexes play a major role in the
development of extracardiac manifestations of both clinical and
experimental IE [4–10]. In fact, the extracardiac manifestations in
the kidney, skin and joints are believed to be the result of
immune-complex deposition and subsequent complement activa-
tion in target tissues. Experimental as well as clinical studies have
documented thoroughly the involvement of CIC and complement
in tissue injury of IE-related glomerulonephritis [5]. It has been
proposed that those lesions are caused by CIC formed intravas-
cularly in the presence of antibody excess and not a consequence
of in situ renal antigen–antibody complex formation [31].
Although observed as the most consistent association, there is evi-
dence that CIC-mediated tissue injury in IE is related not only to
the kidney, but also to tissue injury of the skin, synovium, choroid
plexus and spleen [32,33].

In our study, pulmonary manifestations were associated with
the activation of the classical pathway. Lung injury has already
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been related to intravascular complement activation by different
authors [34,35]. Moreover, deposition of IgG immune-complexes
were shown to cause lung injury dependent on complement acti-
vation in experimental models [36]. Our data, therefore, suggest
that complement activation is related to pulmonary damage in the
course of IE.

The mechanism by which CIC in IE patients become
deposited in tissue and thus initiate extracardiac injuries remains
unknown. Under normal conditions, immune-complexes should
be solubilized and cleared by phagocytes. It is well known that
complement components of both alternative and classical path-
ways are required to prevent immune complex aggregation by
inhibiting the formation of large immune complexes [37,38]. It is
evident that in IE some factors are impeding the dissolution of
these complexes, leading to their deposition in tissues. Different
studies have suggested that rheumatoid factors, detectable in
18–60% of IE patients, block the binding sites on IgG for com-
plement binding as well as for phagocytosis, preventing the clear-
ance of CIC [24,39], despite effective complement activation. In
our study, 30% of the IE patients were positive for RF; half of
them were CIC positive and all of them showed elevated levels
of complement activation. Also, once excessive amounts of IC
become deposited in tissue, ongoing complement activation takes
place and affects surrounding tissue, such as vascular endothelial
cells, leading to their injury. The development of microvascular
injury may be dependent on C5 activation and the action of acti-
vated neutrophils and platelets [40]. The chemotactic, aggregat-
ing and adhesion-promoting effects of C5a and C5adesArg may
result in circulating neutrophil aggregates that will be trapped in
the capilaries of different organs [41]. Activated neutrophils have
been shown to damage pulmonary endothelial cells [42]. The
direct effect of complement split products, such as C3a and C5a,
and the terminal lytic complex C5b-9 as well as other mediators
of inflammation on endothelial cells must also be considered to
contribute to the development of microvascular injury in critically
ill patients.

Our data support the hypothesis that complement activation
may have an important role in the pathogenesis of the IE, since
the patients who died from the illness showed elevated levels of
C1rs-C1Inh and C3d (P = 0·02) when compared to the patients
who recovered well. We therefore conclude that complement acti-
vation occurs in IE mainly through the classical pathway and is
involved in the development of extracardiac manifestations and
deterioration of the disease.
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