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An autoimmune mechanism is claimed in the pathogenesis of acute rheumatic 
fever and rheumatic carditis on the basis of studies performed by several 
investigators1-2. Depression of cell-mediated immunity plays an important role in 
the development of autoimmune diseases3-4. In some ways rheumatic fever 
resembles an immune complex-mediated disorder5. It is known that one of the 
most important factors causing immunological tissue injury is immune 
complexes6. A fifty percent or more inhibition of the blastic transformation 
response of the normal lymphocytes to phytohemagglutinin by the plasma from 
the patients with active rheumatic fever was observed7. This suggests the 
presence of an inhibitory factor in the plasma of patients with active rheumatic 
fever causing some degree of depression in the lymphocytic functions or 
cell-mediated immune response in these patients8. It is believed that these 
inhibiting factors may be the antigen-antibody complexes8.

In the literature, it has been shown that circulating immune complexes were 
frequently present in adults and children with acute rheumatic fever9-10 but, the 
immune complex values for various clinical presentations of rheumatic fever have 
not been reported.
The aim of this study is to investigate the role of the circulating immune 
complexes in rheumatic fever patients with various clinical presentations in regard 
to the evaluation of the disease's activity.

Material and Methods

Our study group consisted of 38 patients with rheumatic fever whose ages 
ranged between 6-17 years who were diagnosed in the Department of Pediatrics 
at Hacettepe University Children's Hospital.
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The Jones criteria was used for guidance in the diagnosis of acute rheumatic 
fever11. The acute cases were observed for one week after the onset of an acute 
episode of rheumatic fever. The patients had not received any steroids or 
salicylates. Hemoglobin values were above 10 g/dl in all the patients and control 
group. The patients and controls were divided into five groups:
Group I consisted of sixteen patients who had acute rheumatic fever and carditis. 
There were eleven males and five females whose ages ranged between 6-17 
years, with a mean age of 10.8 years. All the patients had positive acute phase 
reactants, radiologic evidence of cardiomegaly and valvular lesions. Three patients 
had pericardial friction rub in addition to mitral regurgitation. Ten patients revealed 
congestive heart failure. The diagnosis of acute rheumatic carditis was made on 
the basis of the presence of a significant murmur plus two or more of the 
following: pericardial friction rub, radiologically evident cardiomegaly, congestive 
heart failure, increased antistreptolysin 0 titer and positive acute phase reactants 
such as an increased erythrocyte sedimentation rate, C-reactive protein and 
leukocytosis. The patients were treated with prednisolone for a 4-6 week 
duration. Circulating immune complexes were determined on three occasions 
such as before treatment, 15 days after prednisolone therapy, and 10 or 15 days 
following withdrawal of prednisolone therapy.
Group II consisted of eight patients who had acute rheumatic fever without 
carditis. There were four males and four females whose ages ranged between 
11-12 years, with a mean age of 13.5 years. All the patients had migratory 
polyarthritis, an elevated erythrocyte sedimentation rate and positive C-reactlve 
protein. Most of them had an elevated antistreptolysin 0 titer.
Group III consisted of nine patients who had inactive rheumatic fever with valvular 
lesions. There were eight females and one male whose ages ranged between 
9-17 years, with a mean age of 13.2 years. Positive acute phase reactants were 
not evidenced in this group; acute phases of their illness were previously 
observed in our hospital. This group was studied between six months to two 
years after the onset of the acute phase of the disease.
Group IV consisted of five patients with rheumatic chorea. There were four males 
and one female whose ages ranged between 8-14 years, with a mean age of 10.6 
years. None of the patients with rheumatic chorea had positive acute phase 
reactants. Two patients had mitral regurgitation.
Group V consisted of 13 controls In good health with no history of rheumatic 
fever. There were eight females and five males whose ages ranged between 5 
and 15 years.

The circulating immune complexes were detected by the Raji-cell radioimmunoas­
say method6.
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IMMUNE COMPLEX STUDY BY RAJI-CELL RADIOIMMUNOASSAY METHOD

Abbreviations:
AHG : Aggregated Human Gammaglobulin
NHS : Normal Human Serum
PBS : Phosphate Buffered Saline
HSA : Human Serum Albumin
MEM : Minimal Essential Medium

I. lymphoblastoid cell cultures (Raji-cells)
Raji-cells extracted from Burkitt’s lymphoma were maintained in Eagle's MEM: 
These cells were supplied by the research laboratories of Sweden's Karolinska 
Institute and multiplied in the Virology Department by continous passages. AHG 
was obtained from the Cohn Fraction II of Sigma and each AHG used in the study 
was centrifuged at 1500 g for 20 minutes. NHS was collected from normal 
individuals and stored at —70 °C. MEM was supplied by Flow Laboratories. HSA 
was supplied by the Blood Bank. Radioactive I125 was bound to IgG in accordance 
with Theofilopoulos et al's method6.

II. preparation of the standards
1. AHG was diluted in varying proportions between 10 ng-10 pg with PBS 

(phosphate buffered saline, pH 7.3): (1/1, 1/50, 1/100, 1/500, 1/1000).
2. NHS was diluted in 1/2 proportion with PBS (pH: 7.3).
3. 1/2 diluted 50 AHG was mixed with 50 1/2 diluted NHS. The final concentration 

of NHS became 1/4.
4. 25 pl of the AHG-NHS mixture was placed into the test tubes.
5. These test tubes were kept in a 37 °C water bath for 30 minutes.
6. After incubation 50 pl (2 x 106) Raji cells were added to the tubes and left in a 

rocking water bath at 37 °C for another hour.

III. preparation of patients' sera
1. 1-2 cc sera which were taken from patients were stored at —40 °C and 

removed from the deep freezer 30 minutes before the experiment.
2. The sera were diluted with PBS in 1/4 proportion. 25 pl of each specimen was 

transferred to counting tubes.
3. 50 pl (2 x 106) Raji-cells were added to the above mixture.
4. Test tubes were incubated in rocking water bath for one hour at 37 °C. All of 

the specimens were studied in a duplicated manner.
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IV. preparation of the background
25 pl of the NHS which was diluted in 1/4 proportion was placed into the counting 
test tube. The standards and the specimens obtained from the patients were 
exposed to the same procedures in further steps of the study.
1. The cells were washed three times with MEM after incubation.
2. 1 percent HSA was prepared in MEM solution (MEM-HSA).
3. Optimum amounts of I125 diluted with MEM-HSA in a proportion of 1/10 were 

added to the test tubes.
4. The test tubes were kept in a freezer at -4 °C for a period of 30 minutes.
5. The cells were washed with a 1 percent HSA-MEM solution three times after 

incubation.
6. I125 cell precipitates remaining in the test tubes were counted by the gamma 

counter.

V. calculation of the results
1. The values obtained from the gamma counter cpm (count per minute) for the 

standard tubes were placed on the vertical axis and the AHG amounts in pg 
were placed on the horizontal axis of a graph.

2. The location of the values (cpm) obtained from the patients’ plasma was found 
on the curve and the projection of this location on the horizontal axis yielded 
the amount of immune complexes in these test tubes. These amounts were 
expressed as pg AHG/ml of the sera.

3. Immune complex values outside the limits of 6 pg-1800 pg were omitted.
4. The Mann Whitney U test was used for a statistical comparison between the 

groups.
For statistical analysis the significance test between two matched-pairs was used 
in the cases of active rheumatic carditis.

Results

Immune complexes were found to be strongly positive in 27 (71%) of the 38 
rheumatic fever patients (Table I and Fig. 1).
Immune complexes were positive in 13 (81.2%) of the 16 patients with active 
rheumatic fever carditis before prednisolone therapy (mean 282.08 ± 285.7 
mg/ml). Immune complexes were detected in 53 percent of the patients after 15 
days of prednisolone treatment (mean 361.53 ± 538.6 mg/ml). After a 4-6 week 
period of prednisolone treatment, the drug started to be gradually withdrawn and 
the immune complex average 10-15 days after the conclusion of the therapy was
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Fig. 1: Circulating Immune complexes in patients with rheumatic fever and the control group

found to be positive in 66.6 percent of the patients (mean 245.6 ± 337.7 mg/ml). 
The values of the circulating immune complexes in the first, second and third sera
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of this group demonstrated statistical importance when compared with the 
control group (p<0.05). The significance test between two matched-pairs was 
found not to be significant in patients with acute rheumatic fever carditis 
(p>0.05).
In four of the eight patients (50%) with acute rheumatic fever without carditis, the 
immune complexes were positive (mean 185.25 ± 315.3 mg/ml). The comparison 
with the control group was statistically significant (p<0.05). Immune complexes 
were positive in six (66.6%) of nine patients with inactive rheumatic fever with 
valvular diseases (mean 170.13 ± 226.9 mg/ml). A comparison with the control 
group was significant (p<0.05). Immune complexes were positive in four (80%) of 
the five rheumatic chorea patients (mean 297.73 ± 363.4 mg/ml). The statistical 
significance was important (p<0.05). Only in one of the controls (7.6%) immune 
complexes were positive (mean 5.99 ± 3.38 mg/ml).

TABLE I: Circulating Immune Complexes in Children with Rheumatic 
Fever and the Control Group

Discussion

Number of
cases

Number of 
cases 

positive Mean pg/ml Range

Acute rheumatic fever with 
carditis

1. Before treatment 16 13 (81.2%) 282.08 ± 285.7 4.34 - 695.65

2. After 15 days 13 7 (53.0%) 361.53 ± 538.6 3.47 - 1800

3. Ten days following withdrawal 
of therapy 9 6 (66.6%) 245.6 ± 337.7 3.47 - 695.65

Acute rheumatic fever without 
carditis 8 4 (50.0%) 185.28 ± 315.3 4.34 - 695.65

Inactive rheumatic fever 
with valvular diseases 9 6 (66.6%) 170.13 ± 226.9 4.34 - 695.65

Rheumatic chorea 5 4 (80.0%) 297.73 ± 363.4 10.43 - 695.65

Control group 13 1 ( 7.6%) 5.99 ± 3.38 3.6 - 14.6

An immunologic response to group A streptococcus has been strongly implicated 
in the etiology of acute rheumatic fever, although the precise pathogenic 
mechanisms have not been clearly defined12,13. The concept of immunologic 
cross-reactivity is suggested by the presence of organ specific antigens in the 
mammalian heart; sharing of common antigens by group A streptococci and the 
mammalian heart; antibodies reactive with the myocardial tissue in some patients 
with rheumatic carditis, and diffuse deposits of gammaglobulin in the hearts of
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patients having active carditis12’15. Depression of cell-mediated immunity plays an 
important role in the development of autoimmune diseases3-4.

It is known that one of the most important factors causing immunological tissue 
injury is immune complexes5. The development of a number of assays for the 
detection of Immune complexes in man has led to the observation that circulating 
immune complexes may be detected in various diseases such as Henoch- 
Schbnlein purpura,16 infective endocarditis,17 retinal vasculitis,18 acute 
glomerulonephritis19 and rheumatoid arthritis20.
Levels of circulating immune complexes have been determined In children with 
acute rheumatic fever and acute poststreptococcal nephritis by Van de Rijn et al10. 
Clq solid phase assay employing radiolabelled protein A and the Raji-cell 
radioimmunoassay have been used in the detection of immune complexes. Both 
groups of patients had significantly elevated levels of immune complexes during 
the acute phase and showed equivalent decline to slightly elevated levels during 
the six month observation period. Employing the five radioimmunoassays for 
immune complexes, sera from patients with adult acute rheumatic fever were 
examined by Yoshinoya and Poge9 in acute and postacute phases. Immune 
complexes were detected in 89 percent of acute phase sera by one assay. 
Immune complex values decreased significantly during the follow-ups, although 
some abnormalities persisted9. In these studies, the patients had clinical evidence 
of either carditis and/or arthritis.
In our study, circulating immune complexes were detected in 71 percent of the 
total 38 patients with rheumatic fever. Our findings are in agreement with these 
reports. In the present study, circulating Immune complexes were detected in 50 
percent of the patients with acute rheumatic fever without carditis, whereas, the 
incidence of circulating immune complexes was 81.2 percent in the sera of 
patients with carditis. These immune complex values decreased during the 
follow-up (average 2.5 months) and were found to be positive in 66.6 percent of 
the patients.

Immune complexes were found in 66.6 percent of patients with inactive 
rheumatic fever with valvular diseases. In this group, no patient had positive acute 
phase reactants. Intervals between acute disease and testing in patients of this 
group ranged from six months to two years (average 15 months). In comparison, 
the follow-up results of acute rheumatic fever patients with carditis and inactive 
rheumatic fever patients with valvular diseases are interesting. In experimental 
animals, IgG containing immune complexes whose sedimentation rates ranged 
between 14 and 22 S were cleared rapidly by the reticuloendothelial system; 
whereas smaller complexes persisted much longer21.
Van de Rijn et al10 have detected both large and small molecular weight 
complexes in two patients with acute rheumatic fever and observed a similar
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distribution of complexes in patients with poststreptococcal glomerulonephritis10. 
Whereas, the circulating immune complexes detected by Yoshinoya and Pope9 
were primarily of low molecular weight (<19 S) although larger complexes have 
also been found4. They have suggested that variability of immune response to the 
streptococcal antigens or the rate of immune complex clearance between the two 
studies may have accounted for the differences in the relative quantities of 
large-size complexes9. It has been suggested that multiple antibody systems can 
persist for from six months to two years or longer1 T22.23 especially in patients 
with valvular heart disease22.
In our study, we were not able to characterize the molecular weight of immune 
complexes. These small complexes may be responsible for the high immune 
complex values of inactive rheumatic fever patients with valvular diseases.
Husby24 has reported that antibodies gave cross reactions with the human 
caudate and subthalamic nucleus cytoplasm in the sera of rheumatic chorea 
patients. These antineural antibodies were responsible for the clinical episodes 
and the duration of the disease. The presence of circulating immune complexes in 
the sera of 80 percent of the patients with rheumatic chorea as high as values of 
patients with acute rheumatic fever with carditis is another finding of interest in 
our study.
The development of rheumatic heart disease after group A 0-hemolytic 
streptococcal infection is considered to involve an immune response that is 
altered in some way25. However, the precise pathogenic mechanisms responsib­
le for the various presentations of acute rheumatic fever may be different. 
Humoral or cell-mediated immunity directed against the streptococcus that is 
cross-reactive with the heart and other tissue antigens, immune complexes or a 
combination of these, may be responsible for the various presentations of the 
disease.
However, in spite of the accumulation of a large source of data on these antigens, 
the pathogenesis of rheumatic fever remains an enigma. No specific antigen has 
been Identified as of yet2.

Summary
The circulating immune complexes in rheumatic fever patients with various 
clinical presentations were investigated by the Raji-cell radioimmunoassay 
technique. The Jones Criteria was used for guidance in the diagnosis of 38 
rheumatic fever patients and 13 age-matched healthy controls. Immune comple­
xes were found to be strongly positive in 27 (71%) of the 38 rheumatic fever 
patients. Immune complexes were positive in 13 (81.2%) of 16 patients with 
acute rheumatic fever carditis, in four (50%) of the eight patients with acute 
rheumatic fever without carditis, in six (66.6%) of the nine patients with inactive
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rheumatic fever with valvular diseases, in four (80%) of the five patients with 
rheumatic chorea and in one (7.6%) of the 13 controls. The presence of circulating 
immune complexes in patients with rheumatic fever may be responsible for the 
seventy of the clinical presentation and the duration of the disease.

REFERENCES

1. Lessof M. Immunological reactions in heart disease. Br Heart J 40:211, 1978.

2. Senitzer D, Freimer EH. Autoimmune mechanism in the pathogenesis of rheumatic fever. Bev 
Infect Dis 6:832, 1984.

3. Read SE, Fischetti VA, Utermohlen V, et al. Cellular reactivity studies to streptococcal antigens. 
Migration inhibition studies In patients with streptococcal infections and rheumatic fever. J Clin 
Invest 54:439, 1974.

4. Sapru RP, Ganguly NK, Sharma S, et al. Cellular reaction to group A beta-haemolytic streptococcal 
membrane antigen and its relation to complement levels in patients with rheumatic heart disease. 
Br Med J 2:422, 1977.

5. Barnett AL. Terry EE, PerselUn RH. Acute rheumatic fever in adults. JAMA 232:925, 1975.

6. Theofilopoulos AN, Wilson CB, Dixon FJ. The Raji cell radioimmune assay for detecting immune 
complexes in human sera. J Clin Invest 57:169, 1976.

7. Meriç N, Berkel Al. Cellular immunity in children with acute rheumatic fever and rheumatic 
carditis. Pediatr Hes 13:16, 1979.

8. Sjögren HO, Hellström I, Bansal SC, Hellström KE. Suggestive evidence that the “blocking 
antibodies” of tumor-bearing individuals may be antigen-antibody complexes. Proc Natl Acad Sei 
USA 68:1372, 1971.

9. Yoshinoya S, Pope RM. Detection of Immune complexes in acute rheumatic fever and their 
relationship to HLA-B5. J Clin Invest 65:136, 1980.

10. Van de Rijn I, Füllt H, Brandeis WE, et al. Serial studies on circulating Immune complexes In 
post-streptococcal sequelae. Clin Exp Immunol 34:318, 1978.

11. Jones criteria (revised) for guidance in the diagnosis of rheumatic fever. Circulation 32:664,1965.

12. Zabriskie JB, Hsu KC, Seegal BC. Heart-reactive antibody associated with rheumatic fever: 
characterization and diagnosis significance. Clin Exp Immunol 7:147, 1970.

13. Taranta A. Poststreptococcal diseases: pathogenetic aspects of rheumatic fever and acute 
poststreptococcal glomerulonephritis. Pathoblol Annu 8:333, 1978.

14. Kaplan MH, Frengley JD. Autoimmunity to the heart in cardiac disease. Current concepts of the 
relation of autoimmunity to rheumatic fever, postcardiotomy and postinfarction syndromes and 
cardiomyopathies. Am J Cardiol 24:459, 1969.

15. Espinosa E, Kushner I, Kaplan MH. Antigenic composition of heart tissue. Am J Cardiol 24:508, 
1969.

16. Smith MD, Barratt, TM, Hayward AR, Soothill JF. The inhibition of complement-dependent 
lymphocyte rosette formation by the sera of children with steroid sensitive nephrotic syndrome 
and other renal diseases. Clin Exp Immunol 21:236, 1975.

17. Cabane J, Godeau P, Herreman G, et al. Fate of circulating immune complexes in Infective 
endocarditis. Am J Med 66:277, 1979.

18. Andrews BS, McIntosh J, Petts V, Perry R. Circulating Immune complexes in retinal vasculitis. Clm 
Exp Immunol 29:23, 1977.

19. Bakkaloğlu A, Sandilands GP, Briggs JD, Anderson JR. Serum-mediated inhibition of lymphocyte 
Fe gamma receptors in glomerulonephritis. Cbn Exp Immunol 42:490. 1980.



246

20. Rapoport RJ, Kozin F, Mackel SE, Jordon RE. Cutaneous vascular immunofluorescence In 
rheumatoid arthritis. Correlation with circulating Immune complexes and vasculitis. Am J Med 
68:325, 1980.

21. Mannik M, Arend MP, Hall AP, Gilliland BC. Studies on antigen-antibody complexes. I. Elimination 
of soluble complexes from rabbit circulation. J Exp Med 133:713, 1971.

22. Stollerman GH, Lewis AJ, Schultz I, Taranta A. Relationship of Immune response to group A 
streptococci In the course of acute, chronic and recurrent rheumatic fever. Am J Med 20:163, 
1956.

23. Zimmerman RA, Auemhelmer AH, Taranta A. Preclpating antibody to group A streptococcal 
polysaccharide in humans. J Immunol 107:832, 1971.

24. Husby G, van de Rijn I, Zabriskie JB, et al. Antibodies reacting with cytoplasm of subthalamic and 
caudate nuclei neurons in chorea acute rheumatic fever. J Exp Med 144:1094, 1976.

25. Regelmann WE, Gray ED, Wannamaker LW, et al. Lymphocyte subpopulations In rheumatic heart 
disease. J Rheumatol 14:23, 1987.


