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— ABSTRACT —

ASO reaction is one of the most commonly used laboratory tests especially due to the fact that Group A Strepto-
coccal infection is a very often seen situation. Epidemiological studies have shown that ASO titers widely vary
among different age groups and population groups; wide variations related to the moment of determination have

been also reported.

Abreviations:

ASO — Anti-streptolysin O

CRP — C-reactive protein

ADB — Anti-DNase B

ARF — Acute Rheumatic Fever

GAS infection — Group A streptococcal infection

e Keywords: ASO reaction, Group A streptococcal infection, ASO antibodies —

SDS-PAGE — sodium dodecyl sulfate polyacrylamide gel electrophoresis

SLO — Streptolysin O

INTRODUCTION

ASO reaction is one of the most commonly used
laboratory tests. This can be explained by the fact
that the Group A Streptococcal infection is a fre-
quent cause of angina and can cause severe compli-
cations and by the fact that 80-85% of the individu-
als having such an infection have also increased
ASO titers. (1,2)

ASO TITER - NORMAL VALUES

The normal values of the ASO titer are less than
160 Todd units/ml in adults, less than 50 Todd
units/ml in children from six months to two years,
less than 160 Todd units/ml in children from two to
four years, less than 170-330 Todd units/ml in chil-
dren from five to 12 years. The concentrations in

the newborn are similar to those of the mother. The
anti DN-ase B titer is of less than 85 units in the
adult population, less than 60 units in the preschool
children and less than 170 units in children of
school age. The results of the streptozyme test in
healthy individuals must be of less than 100 strep-
tozyme units (3,4).

Epidemiological studies have demonstrated that
the ASO titers are different in various populations
and at different ages of the individuals. For exam-
ple, in developed countries, the ASO concentra-
tions are a consequence of the pharyngeal strepto-
coccal infections and not of impetigo. Here, healthy
people have low ASO concentrations in early child-
hood, a maximum of concentrations in children
having 5-15 years of age, lower levels in late ado-
lescence and early adulthood and constantly low
levels in adult people (5).
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THE SIGNIFICANCE OF INCREASED TITERS
OF ASO VALUES

Those populations that have an increased preva-
lence of impetigo are characterized by increased
levels of the ASO titers, most frequently in chil-
dren. An explanation is represented by the fact that
most of them were tested after a recent streptococ-
cal infection. The ASO titer depends also on the
moment of determination. It rises immediately af-
ter infection, has a maximum at 3-5 weeks and de-
clines since the 8" week after the infection. The
ASO titer also depends on the type of infection, be-
ing higher in the pharyngeal infection than in skin
infection. The ADB titer has a similar dynamic,
having a peak concentration at 6-8 weeks and start-
ing to decline after 12 weeks. The ADB titer is con-
siderably raised in both pharyngeal and skin infec-
tions (5,6).

The association of ASO titers, CRP values can
distinguish between different acute rheumatic con-
ditions. CRP values are also elevated, > 1.2 mg/dL
in about 80% of the patients with a Group A Strep-
tococcal infection. The presence in the serum of
Bacillus cereus and Pseudomonas can lead to false-
ly elevated ASO levels. False positive results can
be found also in patients with liver diseases who
have increased concentrations of serum beta-lipo-
protein (2).

It is recommended that the test be done twice, at
an interval of two weeks, in order to see the dynam-
ics of the concentrations. The ASO antibodies are
rising during the first month after infection and
have the highest concentration at 3-5 weeks after
the onset of the infection. Then, the titer is decreas-
ing for several months to undetectable concentra-
tions (1). A recent infection is suggested by the
presence of an at least double concentration at a
second determination (7). In the presence of the
complications or of the re-infection, the concentra-
tions do not become normal. The ASO titers can’t
predict the disease severity or the probability of the
complications (1).

The main utility of the ASO titer and of anti-
DNase B is the etiological diagnosis of glomerulo-
nephritis and of rheumatic fever. The signs and
symptoms characteristic for glomerulonephritis
are: fatigue, low urinary volume with the presence
of blood in the urine, increased blood pressure,
edema, rash and joint pain. The signs and symp-
toms characteristic for rheumatic fever are: fever,
edema and pain affecting at least one joint and
moving from one joint to another, subcutaneous
painless nodules, signs of Sydenham’s chorea, skin

rash, signs of cardiac involvement like palpitations
or chest pain (1).

In rheumatic fever there are used two types of
laboratory investigations: the acute phase reactants
and the tests that can prove a previous streptococcal
infection. None of them can be used as a diagnostic
test (8).

The main acute phase reactants used are the
erythrocyte sedimentation rate, the C-reactive pro-
tein and the serum mucoproteins. They are good
indicators of disease activity. A preceding strepto-
coccal infection can be diagnosed by bacteriologic
and immunologic methods.

There are considerable individual variations in
the time necessary for the ASO concentrations to
return to normal. The factors that influence the rate
of decline are steroid and antibiotic treatment (ac-
celerator), the persistence of the organism, the pres-
ence or the absence of tonsils (prolonging the nor-
malization period), reinfection (characterized by a
sustained or permanently increasing ASO level).
There are also individual variations in the highest
antibody titer, depending on the severity of the
streptococcal infection or on the serologic type of
the group A streptococcus (there are more than 40
serologic types, classified upon the surface M pro-
teins). Very high antibody titers were seen in pa-
tients who developed rheumatic fever. The ampli-
tude of the antistreptococcal response depends also
on the number of previous streptococcal infections,
the patient’s age and the residual antibody level at
the moment of reinfection. The ASO titers are gen-
erally higher in older children or adults than in in-
fants (1).

There are several problems that appear in the
clinical practice. One of them is the ASO determi-
nation when a complication appears, when the con-
centration is maximum, so we can’t see the rise at a
second determination. To correctly interpret the ti-
ter obtained at the moment we suspect the compli-
cation, we have to compare it with the baseline titer
of the patient, not with the average concentration in
the population. The mean ASO titers in different
populations depend on the age, the geographic re-
gion, the economical state, the season, the year or
other variables. There are patients who present with
normal ASO concentrations at the time when cho-
rea begins (8,9) (this is the case of patients with
isolated chorea, which appears at 1-6 months after
the streptococcal infection) (9). This is due to a
long latent period since the acute streptococcal in-
fection. There are also patients in whom the ASO
concentrations continue to rise even after the be-
ginning of the acute rheumatic fever. About 20% of



REevisTA MEDICALA ROMANA — VorLumuL LXII, NRr. 3, An 2015 257

the patients with streptococcal infections don’t
have an increased ASO concentration. Literature
data also sustain that about 20% of the patients with
acute rheumatic fever have low ASO concentra-
tions (lower than 250 units), leading to the conclu-
sion that the normal ASO titer can’t exclude the
diagnosis of acute rheumatic fever. In the category
of patients mentioned above, the determination of
other antibodies with different dynamics of the
concentrations can be useful: antistreptokinase, an-
tihyaluronidase, antidiphosphopydrine-nucleotid-
ase (anfi-DPNase), antidesoxvribonuclease B (anti-
DNAse B) (8).

The antibodies present in the group A strepto-
coccal infections can be detected by means of the
following laboratory tests: the antistreptolysin O
titer (ASO), the antideoxyribonuclease-B titer (an-
ti-DNase-B) and the streptozyme test. The admin-
istration of antibiotics or steroids can decrease the
antibody titers. The concomitant use of ASO and
anti-DNase-B antibodies can retrospectively detect
about 95% of the cases of streptococcal infections.
This sensitivity is higher than that of ADB titer
alone and this one has a higher sensitivity than the
ASO titer. However, because the results of the anti-
DNase-B testing are variable, the American Heart
Association recommends the use of the ASO titers.
The streptozyme test detects the antibodies devel-
oped against the streptococcal antigens NDase,
DNase, streptokinase, streptolysin O and hyaluron-
idase. The advantages of this test are that it can eas-
ily and rapidly detect several antibodies, without
the interference of false-positive reactions. The dis-
advantages of this test are that it can’t determine
each single antibody and that the sensitivity in chil-
dren is lower than in adult population (3).

In patients with ARF, the ASO titers are higher
than in patients with other conditions. This means
that the ASO titers can be used to differentiate the
AREF associated with polyarthritis from other dis-
eases like the Juvenile Idiopathic Arthritis (JIA),
the systemic lupus erythematosus or the acute lym-
phoblastic leukemia. This is very important since
there are literature data that sustain that the atypical
presentation and evolution of the polyarthritis are
present in about 47% of the ARF cases (9).

A study realized at Sdo Paulo in 2001 included
100 patients diagnosed with rheumatic fever, 45
patients with recurrent oropharyngeal infections
and 23 patients with juvenile idiopathic arthritis.
The ASO levels were determined on a 5 year period
starting with the moment of the diagnosis by means
of a latex agglutination nephelometric assay, a
method which gives similar results to the hemoly-

sis inhibition assays (1 IU = 1.04 U Todd). The re-
sults showed that the patients with recurrent oro-
pharyngeal infections had significantly lower levels
of the ASO titers than the patients with ARF, iso-
lated chorea or juvenile idiopathic arthritis (p<0.05)
The patients diagnosed with ARF had the highest
ASO titers (p <0.0025) (9).

A possible explanation for the low ASO titer
specificity resides in the presence of recent strepto-
coccal infections in patients with arthritis caused
by diseases other than ARF (9).

A possible explanation for the ASO sensitivity is
that there are cases of skin infections or renal com-
plications without an elevated ASO titer (2).

The antistreptolysin O titer determination can be
used to diagnose infections caused by the
B-hemolytic group A, C and G streptococci. In
adult patients, at a cut-off of 400 U/ml, it has sensi-
tivity and a specificity of 66% and 82% for the de-
tection of the S. pyogenes infections of the upper
respiratory tract (Gray et al.). ASO can be extreme-
ly useful to diagnose these infections in patients
already treated with empirical antimicrobial agents.
This situation can occur in patients with orthopedic
infections, which are generally caused by staphylo-
cocci (two-thirds of the cases), but can be caused
also by streptococci (7-9% of the cases) (4).

A study realized in 2008 at the University Hos-
pital of Geneva included adult patients who had
orthopedic-related infections diagnosed by positive
microbiological cultures obtained by means of as-
piration or biopsy. The ASO titers were determined
by means of a semi-quantitative test which had a
cut-off value of 200 U/ml. The principle of the test
was based on the hemolysis of rabbit erythrocytes
by the streptolysin O obtained from Streptococcus
pyogenes culture, hemolysis that can be neutralized
by the antibodies against streptolysin O found in
the patient’s serum (4).

The concentration of the C-reactive protein was
measured several times in each patient. The maxi-
mum values were situated in the interval 5-499
mg/l, having an average of 117.4 mg/l. The ASO
titer was also determined several times, a first time
at 13 days after the infection onset and a last time at
16 days. The average concentration in the ASO
negative patients was 100 U/ml. The positive val-
ues were situated in the interval 300-800 U/ml,
with an average concentration of 600 U/ml. These
patients were diagnosed with infections with - he-
molytic group A, C and G streptococci. There were
not false-positive results. There was only one nega-
tive result, because of the short interval of about
three days between the onset of the infection and
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the ASO determination. The conclusion of the
study was that in orthopedic patients with negative
cultures, the presence of positive ASO titers can
lead to the administration of narrow spectrum anti-
biotics, such as penicilins (4).

Increased concentrations of antistreptolysine O
antibodies can be also found in patients with non-
infectious arthritis and sacroiliac joint affections,
according to literature data. These patients usually
have a genetic susceptibility (4).

Since the description of the first method for the
determination of the ASO titer, realized by Todd,
several modified methods have been proposed, in
order to make it more practical. One of them, dis-
covered by Ricci and his colleagues, used various
quantities of oxidized Streptolysin O (SO), a reduc-
ing agent (2-mercaptoethanol) and whole blood
samples. It was a manual microtechnique (6).

In 1984, A. Ricci described an automated meth-
od which determines the kinetics of the reaction
used by the haemolytic tests. The anti-Streptolysin
O titer is then measured without the dilution of the
sample which is represented by the whole blood.
The reaction starts by the addition of a reducing
agent (L-cysteine) to the oxidized Streptolysin O.
The initial rate of the reaction and the ASO titer of
the sample are in a relation of inverse proportional-
ity. All these procedures were effectuated by means
of an automatic instrument. Between the results ob-
tained and those of the classic haemolytic method
there was a correlation which could be described by
the following equation: y = 1.06x — 13 (r=0.974)
(6).

Both methods were used in order to test 591
samples. Although 48 of them had hematocrit val-
ues of 30-40% (with a higher initial reaction rate
and falsely lower titers), the difference between the
results obtained by the two methods was always
less than 100 IU. This can be explained by the fact
that, in these 48 samples, there is an increased plas-
ma volume, an increased number of antibodies
which leads to increased ASO titers (6).

The first laboratory test utilized for the ASO de-
termination was the haemolysin method. Today,
one of the most frequently used determination
methods is latex agglutination, which uses particles
that are pre-sensitised with streptolysin O. A study
which compared the two methods was realized by
G.D.W. Curtis et al. in 1988 by means of the serum
samples taken from 428 individuals. They were
stored at 4°C for a week and at -20°C for up to one
year. Using a cut-off value of 200 IU/ml, he ob-
tained a sensitivity, specificity, positive predictive
value and negative predictive value of 83.6%,

93.3%, 86.5% and 91.6% for the latex agglutina-
tion method. As compared to the haemolysin test,
the latex test was more convenient, easy to realize,
giving also the possibility of testing a reduced num-
ber of samples without an economic disadvantage.
The haemolysin test required more time to perform,
a higher price or the batching of sera because the
reduced streptolysin O, once reconstituted, was
available only for six hours (10).

The authors also studied the influence of differ-
ent speeds of the mechanical rotator and of the ex-
ecution of the manual rotation by different persons
on the results obtained. They found a correlation
between a high rotation speed and a high ASO titer,
which lead to the necessity of having a standard
method. The reading phase was subjective in both
methods. At low titers, the results obtained by
means of the two methods were significantly differ-
ent. Fewer differences between the haemolysin in-
hibition method and the latex agglutination method
were obtained using a nephelometer for the reading
of the results from the latex test (suggesting an in-
creased sensitivity) and these were encountered at
high titers. In conclusion, the authors highlighted
the advantages of the latex agglutination method,
which make it affordable even by the smallest labo-
ratories (10).

A study realized by Ota H investigated the pres-
ence of pseudo-positive reactions given by the la-
tex agglutination method in healthy adults. It in-
cluded the serum samples from 159 healthy
individuals and 8 serum samples from patients with
documented GAS infection. 15% of the healthy in-
dividuals with ages lower than 30 had ASO levels >
200 IU/ml. The individuals with ages higher than
30 years had ASO titers < 200 IU/ml. When tested
with SDS-PAGE, the SLO utilized by the latex
method had more than three protein bands, but only
one was considered SLO protein because it had a
molecular weight of 64 kD. Most of the ASO anti-
bodies in the healthy adults included in this study
were of the IgG class. Some of them were of the
IgG class. The antibodies present in the patients’
serum combined with the 64-kD protein, which
was the SLO and the antibodies present in the se-
rum of the healthy individuals combined with dif-
ferent proteins during an immunoblotting analysis.
The conclusion of the study was that some of the
healthy adults with elevated ASO titers had other
antibodies than ASO in their serum and thus pseu-
do-positive results on the ASO determination, the
solution to this problem being the use of more spe-
cific proteins by the commercial kits (11).
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A study realized in 1995 by Pacifico L et al.
compared a new nephelometric method with the
old hemolytic inhibition assay. It included 330 se-
rum samples from children without the evidence of
arecent group A streptococcal infection, 134 serum
samples from patients diagnosed with acute and
convalescent GAS infection on the basis of micro-
biological cultures and 50 serum samples from
control subjects. The results demonstrated a good
correlation between the two methods (r=0.88), but
the automated nephelometric method had a higher
sensitivity for the determination of significant ASO
antibody rises. Another advantage of this method is
that it has an easier way to perform (12).

A study realized by Freyaldenhoven BS et al.
compared a method using recombinant antigens on
the Beckman Coulter IMMAGE System with a
nephelometric method based on conventional anti-
gens. It included 114 patients not necessarily diag-
nosed with GAS infection on the basis of the mi-
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