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SUMMARY

Background: Streptokinase, which is injected intravenously with a standard
dose of 1.5 MIU, is the most widely used thrombolytic agent around the
world. What is so important about this bioproduct is the level of anti-
streptokinase (anti-sk) antibody in the population, which is directly correlated
to the incidence of streptococcal infections in that population. Objective:
Since Iran is an endemic area for streptococcal infections, this study was
conducted to assess the anti-sk level in an Iranian population. Materials
and Methods: 97 males and 47 females referred to Modarress Hospital of
Tehran for coronary angiography and cardiac catheterization were included.
10 ml of venous blood was taken before angiographies from each patient.
According to the angiography reports, the patients were divided into three
groups: Coronary Artery Diseases (CAD, n=95), Rheumatic Heart Disease
(RHD, n=19) and normal coronaries (n=30). The anti-sk antibody level was
assessed in the serum samples of all patients using Enzyme Linked
Immunosorbant Assay. Results: In 23.2% of patients with CAD, 40% of
normal coronaries and 73.7% of patients with RHD, the serum samples
contained more than 2 arbitrary units (AU) of anti-SK antibody which
regarded as high levels. There was no significant difference between the
anti-sk level of patients with CAD and normal coronaries (2.03 + 3.02 AUs
vs. 2.52 £2.23 AU), but the level of antibody in RHD group (8.16 + 10.1
AU) was significantly higher than other groups (p<0.05). No significant
correlation was observed between antibody levels and the age or gender of
patients. Conclusion: We concluded that the level of anti-sk antibody is
high in Iranian population as compared to other endemic areas for
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streptococcal infections. Also we found no relation between the level of
antibody and sex and age of patients. This study accentuated the necessity
of assessment of drug efficacy in endemic areas for streptococcal infections
especially in those patients with valvular heart disease.
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INTRODUCTION

Thrombolysis by using thrombolytic drugs is accepted as a standard treatment
in acute myocardial infarction (AMI), since it is believed that the main
cause of AMI in more than 85% of involved cases is thrombosis formation
in coronary arteries (1-5). It is proved that using thrombolytic agents can
reduce mortality rates approximately by 30% and improve left ventricular
function, restrict myocardial necrosis and improve patient outcome (6-9).
The most commonly used thrombolytic agents are recombinant tissue
plasminogen activator (rtPA) and streptokinase (SK). SK is always the first
choice since it costs less than others unless a contraindication is proved
(10,11).

SK therapy is not always successful. This may, among other causes, be due
to the presence of IgG anti-sk antibodies in the patients (12). These antibodies
may be present as a result of previous infection with streptococci or previous
treatment with SK (13-16). Different studies in populations of endemic
areas for streptococcal infections (17-19) show that the level of anti-sk
antibodies is higher compared to those populations with low incidence of
infections (20-22). It is proposed that the higher level of antibodies may
be associated with lower clinical efficacy and increased risk of hypersensitivity
reactions (23-26) although there are some controversies (27-30).

As Iran is regarded as an endemic area for streptococcal infections, and
because of the importance of anti-sk antibodies in relation to drug efficacy,
this study was conducted to analyze the level of anti-sk antibodies in a
group of patients with heart diseases referred to Modarress Hospital, Tehran,
Iran, for angiographies.

SUBJECTS AND METHODS

In this cross-sectional study 170 patients were included at first. The inclusion
criteria included: Never prescribed with streptokinase, Not used to
immunosuppressive or immunostimulatory drugs for a long time in the
past. Before angiography 10ml of venous blood was taken from all the

patients and sera were isolated. Using anti-streptolysin O (ASO) and
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rheumatoid factor (RF) laboratory tests, all the patients with rheumatoid
factor or those with ASO > 200 were excluded. Finally 144 patients including
47 females and 97 males remained to be studied. The patients were divided
into three main groups based on angiography results including: 95 patients
with coronary artery disease (CAD), mean age 57.89 + 9.46 yrs., 19 patients
with rheumatic heart disease (RHD), mean age 43.22 4 10.85 yrs., 30 normal
coronaries, mean age 50.66 + 9.44 yrs. An indirect ELISA assay was
designed for detection of IgG anti-sk antibody level in the serum samples.
The procedure was briefly as follows: The microtiter plate was coated with
100pl of heberkinasa at a concentration of 6pg/ml. After an overnight
incubation at 4°c and washing 3x with phosphate buffered saline (PBS),
100p of serum samples were added in 4 serial dilutions starting with 1/400.
Also serial dilutions of a pooled serum collected from several patients who
had received streptokinase before, were included in the plate. The plate was
then incubated for an hour at 37°c and then washed 3x with PBS. In the
next step, 100l of anti-human IgG conjugated to HRP diluted at 1/28000
was added to the wells. After incubation for an hour at 25°c and washing
3x with PBS, substrate solution (8mg OPD per 12 ml of double distilled
water +5pl hydrogen peroxide 30%) was added and the plate was incubated
for 10 min at room temperature in dark. The reaction was stopped with
100l of 0.5M H2S0O4 and the result was analyzed with an ELISA reader
at 490nm (MR7000-Dynatech) to get the OD values of every individual
serum at different dilutions. The titration curve of the pooled positive serum
was used as an intralaboratory standard. The OD value of a specified dilution
of this serum (1/102400) was assigned 1 arbitrary unit (AU) and the level
of anti-sk antibody in all the sera at 1/400 dilution, was quantified by using
arbitrary units. The antibody level less than 2 AU was considered as low,
because all the sera with less than 2 AU should be diluted less than 800
times to reach the lowest antibody level. The antibody level of 2AU or
more was considered as high, because all the sera with 2AU or more
antibodies should be diluted more than 800 times to reach the lowest
antibody level.

The designed system was accurately reproducible as the intraassay coefticient
of variation (CV) and interassay CV were less than 10%.

Data analysis was performed using nonparametric analytical tests: Kruskal-
Wallis and Mann-Whitney U. The correlation was analyzed using Spearman’s
correlation test.

RESULTS

The comparison of anti-SK antibody in patients with ASO>200 (mean=
4.93 AU) and those with ASO < 200 (mean= 2.94 AU), showed that there

IJIVOL.1 NO.1 Spring 2004 65



Anti-streptokinase Antibody in Heart Diseases

is a significant difference between these two groups (P= 0.002).
As shown in the figures 1-3, the distribution of anti-sk antibody in the
population studied, is not normal and is skewed towards higher levels.
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0.009), but there is no significant difference between the anti-sk level of

patients with CAD and normal coronaries.
Frequency studies showed that in 73.8% of patients with RHD, 40% of
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normal coronaries and 23.2% of patients with CAD the anti-sk antibody

level is 2 arbitrary units or higher. Also the level of anti-sk antibody of 3
patients with CAD was more than 13 AUs.
The level of anti-sk antibody had no significant correlation with the age of

patients as analyzed by Spearman’s correlation coefficient in all the three

main groups:
In RHD patients: r = 0.24, P =0.34, in CAD patients: r =-0.06, P =0.57
and in normal coronaries: r = 0.02, P=0.94
The difference between the level of anti-sk antibody in females (mean=
4.22 AU) and males (mean= 2.38 AU) was not significant.

DISCUSSION

In this study we showed that there is a significant difference between the
anti-sk antibody level of patients with ASO>200 (as a sign of recent
streptococcal infection) and those with ASO<200. This confirmed the results
of Buchalter and Juhlin (13,24). So we excluded the patients with ASO>200
in order to assess the anti-sk antibody level with more accuracy.

Our results showed that the distribution of anti-sk level in the population
is not in the normal range and is skewed towards higher levels, as studied
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in other populations (20,22,27,31), so as the anti-sk antibody level in 23.2%
of patients with CAD, 40% of normal coronaries and 73.7% of patients
with RHD, is 2 AUs or higher. These results are not comparable to previous
reports because the units used to quantify the level of antibody are arbitrary
instead of international units, but propose the high level of anti-sk antibody
in Iranian population as a result of high streptococcal infection incidence.
It should be mentioned that there is a controversy about the effect of higher
levels of antibody on drug efficacy. As proposed by Shaila and Fears, the
levels of anti-sk antibody before therapy has no effect on the reperfusion
rate (18, 28), but Juhlin and Gemmill have shown the reverse results (24,
27). Some of the reasons proposed to interpret these discrepancies are as
follows:

- The anti-SK antibodies present in the blood have no effect on the function
of the drug (18),

- After neutralization, the level of drug left in the blood is sufficient to fulfill
its function perfectly. This means that in spite of the high level of antibody,
the standard dose of sk is high enough to fulfill its function (28),

- Different techniques used to probe the reperfusion rate after therapy,
including angiography and vectorcardiography, has caused different
conclusions. Juhlin believes that vectorcardiography is more efficient than
angiography in recording the reperfusion rate. Therefore, his results that:
“the higher level of anti-sk antibody has an adverse effect on drug efficacy”
is more reliable in his view (24). In this regard, it is necessary to assess the
drug efficacy in Iranian population.

Also in this study we showed that the mean level of anti-sk antibody in
patients with RHD is significantly higher than other groups. Frequency
studies showed that the anti-sk level in 73.7% of these patients is higher
than 2 arbitrary units. Our results are newly proposed but are not unexpected
because of the known role of streptococcal infections in the etiology of this
disease.

There was no significant difference between the level of anti-sk antibody
of patients with CAD and those with normal coronaries. This is the same
as other studies (13,20,26). The only difference is that in our study the
comparison is made between the patients with coronary artery disease
without acute myocardial infarction and those suspected to have CAD but
proved to be normal after angiography. In other studies, the comparison is
made between patients with AMI and normal volunteers.

Also there was no significant difference between the mean level of anti-sk
antibody of males and females and there is no correlation between the anti-
sk level and the age of patients as showed in other studies (20, 28). This
eliminates any assumption that the level of antibody may be lower in older
patients and so the drug efficacy is not affected in those. This is also true
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for the sex of patients.

In conclusion, we propose that the level of anti-SK antibody is high in
Iranian population. This may be due to the high incidence of streptococcal
infections in our country. This is consistent with other studies in endemic
areas for streptococcal infections. Therefore, it is necessary to assess the
drug efficacy in Iranian population. Also we showed the high level of anti-
sk antibody in patients with RHD, which proposes the lower drug efficacy
used with standard dosage scheme in this group compared to other ones.
So it is necessary to assess the drug efficacy in this group, too.

ACKNOWLEDGEMENTS

This work was supported by a grant from Shaheed Beheshti University of
Medical Sciences. The authors wish to thank Dr. Yousefi and Dr. Shirazi
for their kind collaboration in this study.

REFERENCES

1. Haastrup B, Gill S, Haghfelt T. Thrombolysis in acute myocardial infarction. Cardiology 1994, 85(6):397-406.
2. Kleiman NS. Goals of thrombolytic therapy. Am J Cardiol 1991, 68(12):67¢c-71c.

3. Granger CB, Califf RM, Topol EJ. Thrombolytic Therapy for Acute myocardial Infarction. Drugs 1992,
44(3):293-325.

4. Brogden RN, Speight TM, Avery GS. Streptokinase: a review of its clinical pharmacology, mechanism of
action and therapeutic uses. Drugs 1973; 5(5):357-445.

5. DeWood MA, Spores J, Notske R, et al. Prevalence of total coronary occlusion during the early hours of
transmural myocardial infarction. N Engl J Med 1980; 303(16):897-902.

6. GISSI study group. Long-term effects of intravenous thrombolysis in acute myocardial infarction: final report
of the GISSI study. Gruppo Italiano per lo Studio del la Streptochi-nasi nell'Infarto Miocardico (GISSI). Lancet
1987, 2(8564):871-4.

7. ISIS study group. ISIS-3: a randomised comparison of streptokinase vs tissue plasminogen activator vs anistreplase
and of aspirin plus heparin vs aspirin alone among 41,299 cases of suspected acute myocardial infarction. ISIS-3
(Third International Study of Infarct Survival) Collaborative Group. Lancet 1992; 339(8796):753-70.

8. The I.S.A.M. Study Group. A prospective trial of intravenous streptokinase in acute myocardial infarction
(I.S.A.M.). Mortality, morbidity, and infarct size at 21 days. N Engl J Med 1986, 314(23):1465-71.

9. ISIS-2 study group. Randomized trial of intravenous streptokinase, oral aspirin, both, or neither among 17,187
cases of suspected acute myocardial infarction: ISIS-2. J Am Coll Cardiol 1988, 12(6 Suppl A):3A-13A.

10. Fears R. Biochemical pharmacology and therapeutic aspects of thrombolytic agents. Pharmacol Rev 1990;
42(3):201-22.

11. Collen D. Designing thrombolytic agents: Focus on safety and efficacy. Am J Cardiol 1992; 69(2):71A-81A.
12. Brugemann J, Van der Meer J, Bom VJ, et al. Anti-streptokinase antibodies inhibit fibrinolytic effects of
anistreplase in acute myocardial infarction. Am J Cardiol 1993; 72(5):462-4.

13. Buchalter M. Is the development of Antibodies to streptokinase clinically relevant? Drugs 1994, 48(2):133-6.
14. Bode C, Runge MS, Haber E. Future Directions in plasminogen activator therapy. Clin Cardiol 1990;
13(6):375-81.

15. McGrath KG, Patterson R. Anaphylactic reactivity to streptokinase. JAMA 1984, 252(10):1314-7.

16. James DCO. Anti-streptokinase levels in various hospital patient groups. Postgrad Med J 1973, 49(suppl
1):26-9.

17. Alexander T, Krishnaswami S, Khanduri U. Anti-Streptokinase levels in Indian patients. /nt J Cardiol 1991;
32(3):361-4.

18. Shaila G, Chandrashekhar YS, Kumar N, et al. Antistreptokinase antibodies before and after streptokinase
therapy in patients with acute myocardial infarction from areas endemic for streptococcal infection and influence

IJIVOL.1 NO.1 Spring 2004 69



70

Anti-streptokinase Antibody in Heart Diseases

on reperfusion rates. Am J Cardiol 1994; 74(2):187-9.

19. Urdahl KB, Mathews JD, Currie B. Anti-streptokinase antibodies and streptokinase resistance in an Aboriginal
population in northern Australia. Aust N Z J Med 1996, 26(1):49-53.

20. Lynch M, Pentecost BL, Littler WA, Stockley RA. The Distribution of Antibodies to streptokinease. Postgrad
Med J 1996, 72(847):290-2.

21. Jalihal S, Morris GK. Antistreptokinase titres after intravenous streptokinase. Lancet 1990, 335(8683):184-5.
22. Lynch M, Littler WA, Pentecost BL, Stockley RA. Immunoglobulin Response to intravenous streptokinase
in acute myocardial infarction. Br Heart J 1991; 66(2):139-42.

23. Schroder R, Biamino G, von Leitner ER, et al. Intravenous short-term infusion of streptokinase in acute
myocardial infarction. Circulation 1983; 67(3):536-48.

24. Juhlin P, Bostrom PA, Torp A, Bredberg A. Streptokinase Antibodies inhibit-Reperfusion during thrombolytic
therapy with streptokinase in AML. J Intern Med 1999; 245(5):483-8.

25. Lew AS, Neer T, Rodriguez L, et al. Clinical failure of streptokinase due to an unsuspected high titer of
antistreptokinase antibody. J Am Coll Cardiol 1984, 4(1):183-5.

26. Gemmill JD, Hogg KJ, Dunn FG, et al. Pre-dosing antibody levels and efficacy of thrombolytic drugs
containing streptokinase. Br Heart J 1994, 72(3):222-5.

27. Fears R, Hearn J, Standring R, et al. Lack of influence of pretreatment antistreptokinase antibody on efficacy
in a multicenter patency comparison of intravenous streptokinase and anistreplase in acute myocardial infarction.
Am Heart J 1992; 124(2):305-14.

28. White HD, Cross DB, Williams BF, Norris RM. Safety and efficacy of repeat thrombolytic treatment after
acute myocardial infarction. Br Heart J 1990, 64(3):177-81.

29. el Gaylani N, Davies S, Tovey J, et al. Systemic lytic state is not a predictor of coronary reperfusion in acute
myocardial infarction. Int J Cardiol 1996, 57(1):45-50.

30. Hoffmann LM, Fears J. Significance of antibodies to streptokinase in coronary thrombolytic therapy.
Fibrinolysis 1988; 2:203-10.

[JIVOL.1 NO. 1 Spring 2004



