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Objective—To analyze the immune response in peri-
pheral blood of patientswith infective endocarditis.

Methods—We studied 10 patientswith infective en-
docarditis, age range from 20 to 50 years-old, males and
females, and 20 healthy subjectsin the same age range.
Thediagnosisof the diseasewas based on theclinical pic-
ture, echocardiogram, and hemoculture based upon sam-
ples drawn and tested before the treatment started. The
wereno history of atopy or malnutrition, no autoimmune
disease, and they wer e not using any immunosuppr essant
or antibiotic medication.

Results— The patientswith endocar ditis had signifi-
cantly higher T and B lymphocyte, CD4+ and CD8+ cell
counts, IgM and 1gG serumlevel s, and C4 component of the
complement than the control group; no significant diffe-
rence concer ning serumIgA and neutrophil oxidative me-
tabolism; a significant decreasein C3, chemotaxis, and
monocyte phagocytosis; cryoglobulins were detected in
66.6% of patientsand they were formed by 1gG, IgM, IgA,
C3,and C4.

Conclusion—Thepatientswith infectiveendocarditis
wer eimmunocompetent in most sector sof immunerespon-
se and, at a certain moment, an autoi mmune component
may be present.
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Endocarditisstartswiththeformation of asterileve-
getation composed by fibrin and platel ets due to an endo-
cardial lesion. Thisprocessiscalled non-bacterial thrombo-
tic endocarditis . In that site, afavorable environment
existsfor theadherence of microorganismsthat areinvolved
by new layersof fibrin and platelets. Thispictureiscalled
infectiveendocarditisand usually developsin placeswhe-
re blood goes from a high-pressure source through an ori-
ficetoalow-pressuresite, becausetheeffectsof blood pres-
sureandturbulencearefavorablefor the deposition of bac-
teriafromthefast stream. Itistherefore predominantly loca-
ted ontheleft side of the heart, wherethe mitral and aortic
valvesarethevalvesmost affected.

All thismakesit clear that, for endocarditisto devel op,
severa pathogeneti c mechani sms—hemodynamic, immu-
nologic, and microbiologic—arerequired?.

A variety of microbia agentscauseinfectiveendocar-
ditis?, but the most outstanding are bacteria, first found to
be present by Virchow in 1869 and by Wingeand Heibergin
1872. Among these microorganisms, themostimportant are
the following: Streptococcus viridans 4%, Streptococcus
bovis*, Streptococcus agalactiae*, Streptococcus gordo-
nii 7, Haemophilus sp 4, Actinobacillus actinomycetemco-
mitans *#, Cardiobacterium hominis, Eikenella sp, and
Kingella Kingae 4. Staphylococcus aureus and Entero-
coccus faecalis also belong to thislist, mainly when asso-
ciated with community infection and absence of anaterna-
tivefocus of infection . Lessfrequently, other microorga-
nismssuch as Staphyl ococcus epidermidis*, Coxiellabur-
netii *1!, Pseudomonasaer uginosa '?, and othersmay also
cause endocarditis,

Cicatrization of thisprocessstartsevenwithout treat-
ment, but it only becomescompl ete after antibiotic therapy,
when vegetations decrease and become endothelial. The
heal ed val ve becomesfibrousand calcified, remaining sus-
ceptibletoinfectionfor life.

Recent studies suggest that fibronectin, aglucopro-
tein found in the extracellular matrix of the endothelium,
plays an important role in the formation of the sterile
thrombusand itscol onization. Fibronectin becomesexpo-
sed to the blood stream when alesion of the endothelial li-
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ning occurs, and it is produced in great quantities during
therepair of such lesions?, being capable of activating the
complement system. Certain microorgani smswereshownto
be ableto bind to fibronectin by specific receptors . The
number of fibronectin receptorsisdirectly correlated with
the virulence of the microorganism *°. Staphylococcus
aureus strainsisolated from patients with infective endo-
carditiswere shown to have agreat number of such recep-
tors®. A great number of linksbetweenfibronectinand this
bacterium (56.2%) wereal sofound®.

Certainauthorsadmit that, at acertain point of in thedi-
sease, theclinical picturecan bemaintained by immunepro-
cesses, regardlessof thepresenceof themicroorganism®. In
thisregard, other authors found immune complexesto be
presentin 97% of thestudied casesand arheumaticfactorin
50% of cases, depending on their etiology 2.

Some papers 5171923 syggest that extracardiac pro-
blems, such asarticular, renal, vascular, and skin problems,
may betheresult of thedeposit of circulatingimmunecom-
plexesinthedifferent affected organs. A major proof of the
participation of theimmunesystemininfectiveendocarditis
istherenal aggression that coexistswith the disease 2.

Based ontheabove, what could bethereasonfor some
patients devel oping only pictures of tonsillitis, whereas
others— exposed to the same microorganisms—devel op
pictures of bacterial endocarditis? Could some atransient
immunodeficiency lead to the devel opment of endocardi-
tis?Itisknownthat endocarditisistheresult of certainfac-
tors predisposing the endothelium to infections (severa
cardiac lesions) and of situationsleading to transient bac-
teremia

Wedecided to perform the present study startingfrom
the existing studies on animmune component in infective
endocarditisand from thelack of studiesencompassing all
sectorsof immuneresponsein patientswith activeinfective
endocarditis, in addition to theimportance of thisdisease.

Methods

Peripheral blood drawnfrom 11 patientswithinfective
endocarditis was analyzed. The disease was diagnosed
based on the clinical picture (unspecific signsand symp-
toms of insidious onset suggesting a picture of infection),
on an echocardiogram to view vegetations, and on blood
culture for the detection of bacteria (Duke'scriteria). Pa-
tients ranged between 20 and 50 years of age, were males
andfemales, had no atopy or mal nourishment, autoimmune
diseaseor any history of autoimmunity, and other infective
diseases, werenot usingimmunosuppressivedrugsor anti-
bioti cs upon sampl e collection, which wasdoneimmedia
tely before the beginning of treatment (group I1). The data
found were compared with that from the control group
(group 1), made up of 20 healthy subjects aged 20 to 50
years. Material collectionwasperformed upon hospital ad-
mittance of thepatientsat theLungand Heart Unit (Unida
dedePulméo e Coragéo) - UPCOR - of Hospital Central da
Santa Casa de S&0 Paul o, at the same time as samplesfor
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other tests were collected, whereby patients gave their
consent for the use of part of these tests for research
purposes.

Material swereanayzed at thelmmunology L aborato-
ry of Faculdade de Ciéncias M édicasda SantaCasade Sdo
Paulo. Thefollowing methodswere used: 1) thymus-depen-
dent lymphocyte (T lymphocytes) count by immuno-fluo-
rescence microscopy using anti-CD3 monoclonal antibo-
dies, after separation of 3x10°lymphocytes/mL by meansof
the Ficoll-Hypague gradient, theabsol uteval uesbeing ob-
tained fromleukograms; 2) bursa-equivaentlymphocyte (B
lymphocytes) count by immunofluorescence microscopy
using anti-CD4 monoclonal antibodies, after separation of
2x10°lymphocytes/mL by meansof theFicoll-Hypaquegra:
dient; 3) T lymphocyte subpopulation count by immuno-
fluorescencemicroscopy using anti-CD4 and anti-CD8 mo-
noclonal antibodies, after separation of 10° lymphocytes/
vial by meansof theFicoll-Hypaguegradient, withanti-CD4
and anti-CD8being usedin /5 and /10 dilutions, respecti-
vely; 4) quantitative dosage of the IgG, IgM, IgA serum
immunoglobulins, and of the C3 and C4 complement com-
ponents by simpleradial diffusion, and calculation of the
concentrationsaccording to thehallusdiameter curve, read
after 48 and 72 hours; 5) spontaneousand stimulated nitro-
bluetetrazoliumtest using 100mL heparinized blood, 50mL
of 0.1% buffered nitro-bluetetrazolium sol ution, and 50mL
bacterid lipopolysaccharidefor stimulation. Thenitro-blue
tetrazolium test makesadirect eval uation of theelectronli-
berationinthetransformation of NADPH+intoNADP, the-
se electrons being captured by flavoproteins of the cyto-
plasmic membrane, transported by the b558 cytochrome
and used during the step of digestion by oxidative me-
tabolism; 6) evaluation of monocyte chemotaxis activity:
after Ficoll-Hypaque gradient separation of cells, Boyden
chamberswere used. Three experimentswere performed:
control; monocytesincubated with bacterial liposaccharide
and apool of normal human serum (homol ogous serum),
and monocytesincubated with bacterial liposaccharideand
serum from the patient him or herself (autol ogous serum).
Theresultswereeval uated by migration distancemeasured
inmicrons. Phagocytosisby monocyteswasanayzed, after
cell separation, by threeanal og experimentsusing L eighton
flasks: monocytes (controls), monocytes incubated with
Zymosan and homol ogous serum, and monocytesincuba-
ted with Zymosan and autol ogous serum. Thefirst assay
wasmadetoverify whether thecellswereaiveandtheme-
thod adequate; homol ogous serumand autologussera(AS)
supply the necessary complement for phagocytosis. sho-
uld the results obtai ned with homol ogous serum and with
AS bedifferent from each other, then the alteration would
not necessarily have occurred in the mononuclear phago-
cyte; 7) detection and identification of cryoprecipitates, al-
lowingawaitingtimeof 10 daysat 4°C for theformation of
thecryoprecipitatefrom serum; whenever acryoprecipitate
wasformed, it was separated by refrigerated centrifugation
at -10°C, washed 10timesin saline solution, followed by
19G, IgM, 1gA,C3, and C4identification by meansof smple
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radia immunodiffusion plates, wherethediameter of thehalo
wasmessured after 48 and 72 hours; parall el heating testsof
thecryopreci pitateweremade, to excludefibrinogen.

The monaoclonal antibody methodology with radial
immunodiffusion dosage has been widely employed. The
antibodiesused werefrom Dako Corporation, andthedilu-
tionswere1:10for CD4, CD8,CD3,CD19, and 1:20for the
conjugate. The nitro-bluetetrazolium test isuseful for the
evaluation of the oxidative metabolism of polymorphonu-
clear neutrophils because, if the phagocytosis digestion
step of thesecellsisfunctionally viable, aliberation of elec-
trons occurs, which are captured by the yellow stain nitro-
blue tetrazolium, that isthen reduced causing formazan,
which formsadeposit of bluegrainsinthecell cytoplasm.
The tests on chemotaxis and phagocytosis by mononu-
clear phagocytes show the directed migration and thein-
gestion step of thesecells, evaluating their functionality, for
chemotaxisand phagocytosisdepend ontheintegrity of the
monocytereceptorsfor C3a-Chaand C3b-C5b, respectively.

The statistical method used was Student’ st test, with
values<0.05being considered significant.

Results

Theresultsare shownintable | (control group) and
tablell (group of patientswithinfectiveendocarditis).

Table| showsasignificantincreasein T and B lym-
phocytes, CD4and CD8cells, serumIgM and IgG, and the
C4 complement component, asignificant decreaseinthe C3
complement component without any significant IgA altera-
tioninthe patientswith endocarditis. Tablel | showsasigni-
ficant decrease in the monocyte phagocytosis and chemo-
taxisvaluesintheendocarditiscases. Nosignificant diffe-
renceswere found between the values of thenitro-bluete-
trazoliumtest.

Inadditiontothat, in eight of the eleven patientswithin-
fective endocarditis, the presence of cryoprecipitateswas
observed, al of them congtituted by IgM, IgG, 1gA, C3,and CA4.

Table | —Resultsin absolute numbersof B and T lymphocytes,
positive CD4 and CD8 cells, serum levels of immunoglobulins,
and C3 and C4 complement componentsin patientswith infective
endocarditisand in normal subjects

Mean Standard deviation
Group Endocarditis Controls Significance
P<0.05

T Lymphocytes 2914+ 1562 1601+568 S

B Lymphocytes 647+ 282 343+147 S
CD4 + cells 2317+791 1213+467 S
CD8 + cells 1426+ 1589 533+175 S
IgM (mg/dl) 243+101 239+116 S
1gG (mg/dl) 1971+ 307 1496 +507 S
1gA (mg/dl) 353+141 398+156 NS
C3 (mg/dl) 86+ 87 156+58 S
C4 (mg/dl) 42+15 29+29 S

S significant; NS- nonsignificant.
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Table Il — Chemotaxis results (distancesin micra), monocyte
phagocytosis (per centage of monocytes, out of a fixed number of
200, which phagocyte 3 or more Zymosan particles) and nitro-blue
tetrazolium (NBT) test for neutrophilsin patientswith infective
endocarditis (group 11) and normal subjects (group I)
Group Endocarditis Controls  Significance
P<0.05
Monocyte chemotaxis- 20+13 27+5 NS
Control
Monocyte chemotaxis- 45+29 65+7 S
homologous serum
Monocyte chemotaxis- 47+30 68+7 S
autologous serum
Monocyte phagocytosis- 13+7 185 NS
Control
Monocyte phagocytosis- 52+20 637 S
homologous serum
Monocyte phagocytosis- 56120 6616 S
autologous serum
Spontaneous NBT 9+4 11+3 NS
Stimulated NBT 19+9 20+4 NS
S significant; NS- nonsignificant.

Discussion

In an attempt to have infective endocarditisasthe
only variable, aselectionwasmadeimmediately beforeon-
set of treatment of patientswith this disease, but without
any atopy, malnutrition, or other systemic diseasesand wi-
thout any autoimmunity antecedents.

Experiments were performed in duplicate and well-
established techniques were used 25,

The significantly increased results found for bursa-
equivalent lymphocytes(CD19 positivecells), thymus-de-
pendent lymphocytes (CD3 positive cells) and subpopul a-
tionsof auxiliary (CD4 positive) and cytotoxic (CD8 positi-
ve) cells, aswell astheincreaseof serumlevelsof IgM, 1gG,
and the C4 complement component in the endocarditis pa-
tients are consistent with values usually observed in the
presence of infections.

Papers??’ published intheliterature show high IgM,
1gG, and I gA titlesin patientswith infective endocarditis.
No studieswerefound with an evaluation of T and B lym-
phocytes and positive CD4 and CD8 cellsin active endo-
carditis, except for arareand atypical form of endocarditis
caused by Coxiellaburnetii that devel opswithrarevegeta-
tions and a negative blood culture . In this case, in addi-
tionto cryoglobulinemiaand polyclonal gammopathy 1, a
decreaseof B (CD19positive) and T (CD3 positive) lympho-
cyteswasshown, thedecrease being greater inthe CD4 po-
sitive cellsthan in the CD8 positive cells?, suggesting that
thistype of endocarditis might be associated with a sup-
pression of lymphocyte response to specific antigens . A
significant increasein ef alpha-TNF and beta-1L-1, proin-
flammatory cytokines produced by activated monocytes
during theinflammation process, besidesanincreaseof 1gG
and IgA and of immune complexeswerealsofound inthis
type of endocarditis°.
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Cryoglobulinemiawasal so observed in another study
on subacute bacterial endocarditis®.

Thepresenceof acryoprecipitateformedby IgG, IgM,
IgA, C3, and C4+observed in most of the patientsin this
study suggeststhat the disease may have an autoimmune
character. Thedatafound onthe decrease of the C3 comple-
ment component and the monocyteactivity contributefur-
ther to this hypothesis. For instance, complement isfre-
guently consumed i n activeautoimmunediseases. Likewi-
se, mononuclear phagocytes need to be perfectly functio-
nal tobeableto break down circul atingimmune compl exes.
Factorsinvolvedintheadhesion of monocytesor bacteria,
or both to the surface of vegetations can affect phagocy-
tosis of bacteriaby mononuclear phagocytes®. It was ob-
servedthat fibronectin, acomponent of theextracel lular ma-
trix, may beinvolvedintheadhesion of thebacteriumtothe
surface of theendocardial vegetationsby causing astrong
adhesion and thusleading to adecreased monocyte phago-
cytosis ¥,

The mononuclear phagocytes of the studied patients
with endocarditis showed decreased chemotaxis and pha-
gocytosis, which might contributeto asmaller breakdown
of circulating immune complexes and the consequent pre-
senceof cryoglobulins. Reduction of monocyte chemotaxis
and phagocytosis does not usually occur ininfections.

When phagocytosisis eval uated in the presence of
homologous serum, the C3 component issupplied, and it
will link to the C3 receptor present in monocytes, allo-
wing phagocytosisto occur. If thisisdecreased, itimplies
that anintrinsic cellular problem existsinthemonocyte, a
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fact that is confirmed by supplying autologous serum
and there being no difference between phagocytosis
with homologous and with autologous serum (both
equally decreased).

Earlier studiesfound a decrease in the C3 and C4
complement components and the presence of circulating
immune complexes in patients with endocarditis 572131,
Some authors describe an increasein circulating immune
complexes as the disease progresses and a decrease with
treatment . Other investigators correlate the immune
complex findingswith theendocardia infectionrather than
with the endocardial defect 72°, Some papers show a
genetic predispositionin patientswithinfectiveendocardi-
tis, themost frequent haplotypebeing HLA-B35%, sugges-
ting agreater susceptibility of certain individualsto the
disease.

Our results, showing asignificantincreaseof T and B
lymphocytes, CD4+ and CD8+ cells, IgM, 1gG, and C4
complement component, are consi stent with those obser-
vedinimmunocompetent individual sduringinfections. On
the other hand, the significant decrease observed with
regard to the C3 complement component, chemotaxis, and
phagocytosis by monocytes, and the presence of cryopre-
cipitatesin the serum of patients with endocarditislead to
the conclusion that the disease has al so an autoimmune
component.

Itispossiblethat infective endocarditisisdetermined
by an aggressor mi croorgani sm associ ated with an autoim-
mune component, assuggested by the presence of cryoglo-
bulininthe serum of these patients.

References

1. Jodo SR, Afonso MRB, Jinior LM, Jinior BNA, FrancaHH. Aspectos patogé—
nicoseimunitariosdaendocarditeinfecciosa. ArqBrasCardiol 1990; 54: 69-72.

2. AnguitaM, TorresF, Castillo JC, VallesF. Etiopathogenesi sof infectiveendocar-
ditis: predisposing heart diseases and casual microorganisms. Rev Esp Cardiol
1998; 2: 11-5.

3. Assef MAS,Wiistbuf AR, Cleiter LY, etd. Andlisedafebreem 58 casosdeendo-
carditeinfecciosa ArqBras Cardiol 1992; 58: 107-12.

4. Durack DT, LukesAS, Bright DK. New criteriafor diagnosis of infective endocar-
ditis: utilization of specificechocardiographicfindings. AmJMed 1994; 96: 200-9.

5. Deck CR, GuardaES, Bianchi CC, et . Complejosimmunescirculantesenendo-
carditisinfecciosa. Rev Méd Chile 1988; 116: 1101-4.

6. JangY,Magli L, Russo M. Bacterium-dependent induction of cytokinesin mo-
nonuclear cellsand their pathologic consequencesin vivo. Infec Immun 1999;
67: 2125-30.

7. Sommer P,Gleyza C, Guerret S, EtienneJ, Grimaud J. Inductionof aputativelami-
nin-binding protein of Streptococcusgordonii in human infective endocarditis.
Infective lmmun 1992; 60: 360-5.

8. WilsonME, Genco RJ. Theroleof antibody, complement and neutrophilsinhost
defense against Actinobacillusactinomycetemcomitans. Immunol Invest 1989;
18: 187-209.

9. Atzpodien E, Baumgartner W, Artelt A, Thiele D. Vavular endocarditis occurs
asapart of adisseminated Coxiellaburnetii infection inimmunocompromised
BALB/cJ(H-2d) miceinfectedwiththeninemileisolateof C. burnetii. JInfect Dis
1994; 170: 223-6.

10. CapoC,ZugunF, SteinA, et al. Upregulation of tumor necrosisfactor a phaand
interleukin-1 betain Q fever endocarditis. Infec Immun 1996; 64: 1638-42.

11. GlasseimM, Agger WA, Vanscoy RE, Howe GB. Chronic sternal wound infec-
tion and endocarditiswith Coxiellaburnetii. Clin Infect Dis1999; 28: 1249-51.

12. OshimaT, NakayaT, SaitoK, MaedaH, Nagano T. Child neglect followed by mar-
kedthymicinvolutionandfatal systemic Pseudomonasinfection. IntJLega Med
1991; 104: 167-71.

13. Assef MAS, GandraSMA, Franken RA. Endocarditeinfecciosa Estudode83 ca
sosno Hospital da Santa Casade Séo Paulo. Arg Bras Cardiol 1991, 56: 195-9.

14. Mosher DF, Proctor RA. Binding and factor X111 a-mediated cross-linking of a
27-kilodalton fragment of fibronectin to Staphylococcus aureus. Science 1980;
209: 927-9.

15. Proctor RA, Cristman G, Mosher DF. Fibronectininduced aggl utination of Staphy-
lococcusaureus correlateswith invasiveness. JLab Clin Med 1984; 104: 455-69.

16. ScheddWM, Strunk RW, BdianG, CaderoneRA. Microbia adhesiontofibronectin
invitro correlates of endocarditisin rabbits. Proc Soc Exp Biol 1985; 180: 474-82.

17. KaufmannRH, ThompsonJ, VaentijnRM, DahaMR, VanesLA. Theclinical im-
plicationsand the pathogenetic significanceof circulatingimmunecomplexesin
infective endocarditis. Am JMed 1981; 71: 17-25.

18. SabbaghAZ, CohenRV, TsunematsuEK, BicegoV C, Saber S, Janior EBA. Endo-
carditeinfecciosa—autilidade do enfoqueimunol gico. An Paul Med Cir 1985;
112: 23-9.

19. RoblotP,Barrier J,Roblot K, Muller A, Marechaud R. Istheimmunologicevalua-
tionin endocarditis of value? Rev Med Interne 1993; 14: 1031.

20. Bayer AS, TheofilopoviosNA, Eisenberg R, DixonFJ, GuzeL B. Circulatingim-
mune complexesin infectiveendocarditis. N Engl JMed 1976; 295: 1500-5.

21. CabaneJ GodeauH,Acar M, Bach JF. Fateof circulatingimmunecomplexesinin-
fectiveendocarditis. Am JMed 1979; 66: 277-81.

22. GaoGW,LinYF,DiangLK,LuKC, Shied SD. Infectiveendocarditiscomplica-
ted with rapidly progressive glomerulonephritis: a case report. Chung Hual
Hsueh Tsa Chih 1996; 57: 438-42.

51



Forte et al
Immunologic Evaluation in Infective Endocarditis

23.
24.
25.
26.

27.

28.

52

HarrisPS, Cobbs CG. Cardiac cerebral and vascular complicationsof infective
endocarditis. Cardiol Clin 1996; 14: 437-50.

ForteWCN, GonzalesCCL, Carignam S, Mimical. Avaliag&o deneutréfilosna
desnutrico moderada. Rev AssMed Bras1999; 45: 147-51.

ForteWCN, CamposJVM, Ledo RC. Non specificimmunol ogical responseinmo-
derate malnutrition. Allerg Immunopathol 1984; 12: 489-95.

PlanesAM, BerngloB, TornosMP, Fernandez F, ArcalisL. Serologic study in pati-
entswith streptococcal infective endocarditis. Med Clin 1996; 107(18):693-7.
Agarwal R, Bahl VK, MaaviyaNA, Krishnan S, ChopraP. Immunologic pa-
rametersin infective endocarditis: aprospective study. Indian Heart 31991,
43:179-83.

Sabatier F, Dignat-GeorgeF, Mege L, Brunet C, Raoult D, Sampol J. CD4+ T-cell
lymphopeniain Q fever endocarditis. Clin Diagn Lab Immunol 1997; 4: 89-92.

29.

30.

31.

32.

Arq Bras Cardiol
2001; 76: 48-52.

Agarwal A, ClementsJ, Sedmak DD, et al. Subacute bacterial endocarditismas-
querading astypel 1 essential mixed cryoglobulinemia. JAm Soc Nephrol 1997;
8:1971-6.

Bancisi MJ, Veltrop MH, BertinaRM, Thompson J. Roleof phagocytosisin acti-
vation of the coagulation systemin Streptococcus sanguis endocarditis. Infect
immun 1996; 64: 5166-70.

Barrier J, Roblot P, Ramassamy A, Becg-Geraudon B. Immunologic sutdiesinthe
differential diagnosisof infectious endocarditisand septicemiawithout endo-
cardiaclesion. Rev Med Interne 1996; 17: 21-4.

Shevchenko IUL, Danilchenko V'V, Zhilourt EB, SerebrianaiaNB, Khubulava
GG, KatkovalV. Theimmunogenetic statusof patientswithinfectiousendocar-
ditis. Vestn Khir Im 11 Grek 1995; 154: 36-58.



