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Abstract 
Coagglutination reagents for the rapid serological grouping of groups A, B, C, F and G 

Streptococcus have been developed. Antisera to groups A, B, C, F and G Streptococcus were raised 
in rabbits. After absorption with cross-reacting antigens, the specific antibodies were coated on 
Staphylococcus protein-A and used as group-specific coagglutination reagents. The sensitivity of 
the reagents for groups A, C and G Streptococcus was 100 per cent and the specificity was I 00, 
100, and 98.77 per cent, respectively. The sensitivity and specificity of these reagents were con­
sistent up to 12 months, although specificity declined with longer storage. The in-house coagglu­
tination reagents for groups A, C and G streptococcus were also tested in comparison with the 
commercially available Streptococcus Phadebact® test and yielded almost identical results. Sensi­
tivity of the in-house of group B Streptococcus reagent was low, while the group F reagent gave 
a high incidence of false positive reaction. 
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Streptococcal infection is one of the most 
frequent bacterial diseases found in tropical areas. 
The organisms produce various clinical patterns of 
disease, especially, upper respiratory tract infection 
and particularly important, serious sequelae like 

rheumatic fever and acute glomerulonephritis fol­
lowing group A streptococcal infection. For that 
reason, serological grouping must be performed 
when ~-hemolytic streptococcal colonies are 
obtained from the culture. Several methods have 
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been described for identifying groups of strepto­
cocci, these include the bacitracin test< I) for detect­
ing group A streptococci, precipitation techniques 
with group-specific antiserum and extracts of strep­
tococcal group antigens(2-6), immunofluorescent 
method(7) and agglutination techniques(6,8,9). 

Coagglutination for rapid diagnosis of 
streptococci, first described by Christensen and 
associates(8), has become the method of choice in 
streptococcus grouping. The technique, based on the 
immunological reaction between the C carbohydrate 
antigens of streptococci and their group-specific 
antibodies adsorbed to formaldehyde-and heat­
treated Cowan I staphylococci has been claimed to 
be accurate, rapid and simple to perform. Many 
modifications have been described in order to sim­
plify the technique and decrease the time consumed 
for identification of the microbes in culture00-12). 
The coagglutination reagents for various groups of 
streptococci are commercially available and widely 
used in many microbiology laboratories. However, 
the reagents are costly for developing countries 
such as Thailand. 

To minimize the cost of testing, we have 
developed group-specific coagglutination reagents 
for group A, B, C, F and G streptococci by using 
hyperimmune rabbit sera produced in our labora­
tory. The reagents were standardized and tested for 
their precision as well as their shelf-life with various 
reference culture strains. We also compared our 
reagents with the commercially available strepto­
coccus test for the serological grouping of strepto­
cocci freshly isolated from clinical specimens. 

MATERIAL AND METHOD 
Streptococcal strains Reference isolates 

of group A, B, C, F and G streptococci were obtained 
from the National Streptococcus Reference Center 
of Thailand and the Department of Microbiology, 
Faculty of Medicine, Chulalongkorn University. 
These included reference strains for antisera prepa­
ration originally provided by Dr. Kinjiro Takizawa, 
Kanagawa Public Health Laboratory, Japan, and the 
strains used for serological testing, i.e., 403 isolates 
from stock cultures and 90 isolates from clinical 
specimens. All strains were grown overnight on 
blood agar plates or in Todd Hewitt broth at 370C 
and grouped by using the commercial Phadebact® 
Streptococcus test (Boule Diagnostics AB, Hud­
dinge, Sweden). 

Antigen preparation Group A, C and G 
streptococcal antigens for immunization were pre­
pared as previously described( 13), with some modi­
fications. Briefly, after growing the bacteria in 250 
ml Todd Hewitt broth at 370C for 18 hours, the cul­
tures were harvested by centrifugation and the bac­
terial cell pellets were washed once in normal saline 
solution. The cells were resuspended in 25 ml phos­
phate-buffer pH 7.8 containing 25 mg trypsin and 
kept at room temperature overnight. The treated 
bacteria were washed once, resuspended in phos­
phate buffer pH 7.8 and autoclaved. After further 
washing, the cells were finally resuspended in 25 
ml phosphate buffer pH 7.8 containing 0.2 per cent 
formalin, aliquoted and stored at 40C until used. 

Group B and F antigens were prepared by 
a similar procedure, with the exception of trypsin 
treatment. 

Immunization The streptococcal antisera 
were produced in rabbits according to the immuni­
zation scheme described by Rotta and Facklam03) 
with modifications. Briefly, rabbits weighing 2.5-3 
kg were injected intradermally with I ml of antigen­
incomplete Freund's adjuvant suspension in the 
first week. From the second to the fifth week, one 
ml of antigen was given intravenously on three suc­
cessive days of the week. The animals were bled 
5-7 days after the last injection and the antisera were 
tested for the presence of specific antibodies by 
precipitation and agglutination methods. If the titer 
was unsatisfactory, the immunization was continued 
for 2-3 weeks until a clear and strong reaction was 
obtained. 

The antisera to each group of Streptococcus 
were tested for any cross-reactivity with heterolo­
gous strains by agglutination. If agglutination 
occured, the antisera were absorbed with the cross­
reacting strains. Briefly, 1.5 ml of cross-reacting 
bacterial sediment was added to 5 ml of antisera. 
After incubation at 370C for 2 hours, the mixture 
was placed at 40C overnight. The serum was sepa­
rated by centrifugation, steriled by filtration and re­
tested for cross-reactivity. The antisera that were 
used for coagglutination reagent preparation showed 
no cross-reactivity. 

Preparation of coagglutination reagents 
Coagglutination reagents were prepared as des­
cribed previously(8). Briefly, I ml of 10 per cent 
staphylococcus protein-A suspension (Sigma 
Chemical, USA Lot No.32H6818) was added with 
0.1 ml of the group specific rabbit antistreptococcal 
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antisera at appropriate titer. The mixture was mixed 
thoroughly, incubated at room temperature for five 
minutes and washed twice in 0.03 M phosphate 
buffered saline pH 7.3. The sediment was resus­
pended in 10 ml phosphate buffered saline contain­
ing 0.1 per cent sodium azide. The reagents were 
aliquoted and kept at 40C until used. 

Coagglutination test The coagglutination 
test was carried out on locally available plastic card 
slides. One bacterial colony from a pure culture 
growing overnight on blood agar was picked with a 
sterile toothpick and smeared on the plastic card 
slide. Ten microlitres of group-specific coaggluti­
nation reagent were added, mixed and the slide was 
rotated by hand for 2 minutes. The results were read 
with the naked eye. The test was interpreted as 
positive if agglutination occurred within 2 minutes. 
The reaction was graded from 1 + to 4+ depending 
on the degree of clumping and clarity of the mix­
ture. Weak reactions were considered as to be a 
negative test result. 

Sensitivity and specificity testing The 
sensitivity and specificity of the group specific co­
agglutination reagent was determined by using 
homologous and heterologous streptococcus as 
reference strains. Each group-specific coagglutina­
tion reagent was tested every month for a period of 
12 months in order to determine their shelf-life. 

Comparison of the coagglutination with 
the Phadebact® streptococcus test. The in-house 
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group-specific streptococcus coagglutination re­
agents were used for identifying the clinical isolates 
of ~-hemolytic streptococcal colonies on blood agar. 
The results were compared with those obtained by 
using the commercially available streptococcus co­
agglutination Phadebact® test. 

RESULTS 
Coagglutination test The in-house strepto­

coccal coagglutination reagents were tested with 
homologous and heterologous streptococcus re­
ference strains. As shown in Table I, the coaggluti­
nation reagents of group A, C, F and G streptococci 
gave 100 per cent positive result as tested against 
all homologous strains, no cross-reactivity with 
heterologous strains was seen using group A and C 
reagents, whereas, the reagent of group B, F and G 
showed some cross-reactivity. The sensitivity of the 
group B reagent was considered low, it reacted 
with only 52 out of 100 homologous isolates. The 
reagent of group F streptococci, eventhough it dis­
played agglutination with all 10 homologous strains 
tested, it broadly reacted with various groups A, B, 
C and G strains. However, considering the strength 
of the reaction, coagglutination with homologous 
strains usually produced a greater or more rapid 
degree of reaction than cross-reactions (data not 
shown). 

Sensitivity and specificity, including posi­
tive and negative predictive value of each reagent, 
are shown in Table 2. 

Table 1. Coagglutination test of reference streptococcal strains of group A, B, C, F and G. 

Coagglutination reagent of Per cent positive with reference streptococcal strains 
Streptococcus group (number tested) 

group A B c F G 

A 100 0 0 0 0 
(100) (50) (50) (15) (50) 

B 0 52 0 10 0 
(45) (100) (50) (10) (47) 

c 0 0 100 0 0 
(48) (50) (95) (9) (47) 

F 32 10 18 100 10 
(50) (50) (50) (10) (50) 

G 4 0 0 0 100 
(50) (50) (50) (12) (98) 
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Table 2. Sensitivity, specificity, and positive and negative predictive values of the in-house coagglutination 
reagents. 

Coagglutination reagent Sensitivity Specificity Positive Negative 
of streptococcus group % % predictive value predictive value 

% % 

A 100 100 100 100 
B 52 99.35 98.11 76 
c 100 100 100 100 
F 100 82.5 22.22 100 
G 100 98.77 98 100 

Table 3. Comparison on the grouping of Streptococcus from clinical isolates by the in-house and Phadebact® 
streptococcal coagglutination reagents. 

Streptococcus group No. of isolates tested 
by Phadebact® 

No. (%)of positive reaction with 
in-house coagglutination reagents 

A 
c 
G 

55 
5 

30 

Streptococcal coagglutination reagents 
were also used for identifying the clinical isolates 
of ~-hemolytic streptococcal colonies on blood agar 
compared to the commercially available streptococ­
cus Phadebact® test. There was significant corre­
lation between the results obtained with the two 
methods for group C and G reagents. With group A 
reagent, 52 (94.5%) out of 55 strains were positive 
with our reagent, whereas, 3 escaped detection. The 
results are shown in Table 3. 

Stability of the coagglutination reagents 
All reagents were tested each month for up to 12 
months in order to check their shelf-life. The re­
agents of group A, C and G were perfectly reactive 
(100%) with all homologous strains throughout the 
study period. Meanwhile, slight cross-reactivity was 
observed when group C and group G reagents reacted 
with strains of group A (2-4%) and when reagents 
of group A reacted with strains of group F (I 0-20% ). 
The reagents of group B showed a decrease in sen­
sitivity from 52 per cent in the first month to 37.5 
per cent in the twelfth month, whereas, reagents of 
group F maintained one hundred per cent reactivity 
with homologous strains. Cross-reactivity gradually 
increased with all heterologous strains after 3 
months (data not shown). 

DISCUSSION 

52 
5 

30 

(94.5) 
(100) 
(100) 

The coagglutination technique first des­
cribed by Kronvall(14) has been used for serodiag­
nosis of many bacterial infections with relatively 
high sensitivity and specificity(15). The technique 
was considered rapid, simple and reliable. With strep­
tococcal infections, application of the coagglutina­
tion technique is increasing06). The reagents are 
commercially available and the test has been carried 
out in many clinical microbiology laboratories. 
Although the use of commercially available kits is 
convenient, it incurs relatively high expense. For 
routine serological identification with the Phade­
bact® Streptococcus test, the cost for sero-grouping 
of streptococcus A, B, C, G and F amounts to about 
160 baht ( -4 US$) per isolate in our laboratory. 

The group-specific antisera used in the pre­
sent study were raised in rabbits. Those showing 
cross-reactivity were absorbed before being coated 
on staphylococci and tested against a panel of 
streptococcus strains of group A, B, C, F and G taken 
directly from the blood agar plates. We found the 
sensitivity of reagents for groups A, C, G and F to 
be as high as 100 per cent (Table 2). These findings 
are in agreement with the results obtained from 
many previous reports using the same coagglutina-
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tion technique(8, 17-19). Moreover, neither subcul­
ture in broth nor enzyme treatment were necessary 
in our experiments thus resulting in rapid perfor­
mance of the assay after growing the bacteria in 
primary culture. The coagglutination results of group 
A, C and G reagents also corresponded with that of 
the commercially available PhadebactR reagent 
when testing with the colonies of clinical isolates 
~-hemolytic streptococci. Interestingly, group F 
which did not have any agglutination with other 
groups before coating on staphylococcus protein 
A showed a cross reactive result with other groups 
in this study. The result remained the same even 
when we used the serum absorbed with the highest 
cross-reacting group A streptococci. Therefore, 
reagents of group F were not tested with clinical 
specimens. It is possible that group F might contain 
some common antigens that cannot be completely 
absorbed. With group B streptococcal reagents, 
although producing high specificity, the sensitivity 
was considered too low (52%) for diagnostic pur­
poses. This may be due to the antisera used that 
may not cover all serotypes of group B streptococci. 
To increase the sensitivity of the group B reagent, 
polyvalent antisera obtained after immunizing the 
rabbits with more than one subtype of the bacteria, 
or antisera representing polytype reagents may be 
required as has been described by other investi­
gators(?, 19). 
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Coagglutination reagents of group A, C 
and G Streptococcus maintained their activity up to 
12 months when stored at 40C. Although a slight 
cross~reactivity was observed, there were no diffi­
culties in interpreting the results (even with the 
group F reagent), since the reaction intensity was 
always stronger and quicker with specific strains 
when compared to the cross-reactive ones (i.e. 3+ 
-4+ vs 1-2+). However, the investigator should pay 
special attention when comparing the strength and 
time taken for the reaction with each reagent. 

The coagglutination reagents used in this 
study, especially for group A, C and G streptococci, 
offer a sensitive and specific test for the identifica­
tion of ~-hemolytic streptococci. The test is easy to 
perform, rapid and inexpensive. Only a small quan­
tity of reagents, including antisera and Staphylococ­
cus aureus-protein A, are required per test. The cost 
of the reagents prepared in-house has been roughly 
calculated as less than 1 US$ per isolate, which is 
cheaper than the commercially available kit. 
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