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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 100,
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 Streprococcus 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  rheumatic fever and acute glomerulonephritis fol-
frequent bacterial diseases found in tropical areas. lowing group A streptococcal infection. For that
The organisms produce various clinical patterns of  reason, serological grouping must be performed
disease, especially, upper respiratory tract infection ~when B-hemolytic streptococcal colonies are
and particularly important, serious sequelae like obtained from the culture. Several methods have
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been described for identifying groups of strepto-
cocci, these include the bacitracin test(1) 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 culture(10-12),
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).
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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 Facklam(13)
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 S ml of antisera.
After incubation at 379C for 2 hours, the mixture
was placed at 49C 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, 1 m! 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 4°C 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

Table 1.
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group-specific streptococcus coagglutination re-
agents were used for identifying the clinical isolates
of B-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 1, 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.

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

Coagglutination reagent of
Streptococcus group

Per cent positive with reference streptococcal strains
(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 2222 100

G 100 98.77 98 100

Table 3.
streptococcal coagglutination reagents.

Comparison on the grouping of Streptococcus from clinical isolates by the in-house and Phadebact®

Streptococcus group

No. of isolates tested

No. (%) of positive reaction with

by Phadebact® in-house coagglutination reagents
A 55 52 (94.5)
C 5 5 (100)
G 30 30 (100)

Streptococcal coagglutination reagents
were also used for identifying the clinical isolates
of B-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 (10-20%).
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

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 increasing(16). 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
B-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(7,19).
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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+ ys 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 B-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.

ACKNOWLEDGEMENT

This work was supported by the Rachada-
piseksompoj Fund, Faculty of Medicine, Chulalong-
korn University. The authors wish to thank Assoc.
Prof. Pongpan Nantapisud for providing helpful
suggestion and reviewing the manuscript.

(Received for publication

REFERENCES

1. Coleman DJ, McGhie D, Tebbut GM. Further
studies on the reliability of the bacitracin inhi-
bition test for the presumptive identification of
Lancefield group A streptococci. J Clin Pathol
1977; 30: 421-6.

2. Ederer GM, Herrmann MM, Bruce R, Matsen
JM, Chapman SS. Rapid extraction method with
pronase B for grouping beta-hemolytic strepto-
cocci. Appl Microbiol 1972; 23:285-8.

3. Fuller AT. The formamide method for the extrac-
tion of polysaccharides from haemolytic strepto-
cocci. Brit J Exp Pathol 1938;19:130-9.

4. Maxted WR. Preparation of streptococcal extracts
for Lancefield grouping. Lancet 1948;2:255-6.

5. Slade HD. Extraction of cell wall polysaccharide
antigen from streptococci. J Bacteriol 1965;90:

on January 20, 1999)

667-72.

6. Lancefield RC. A serological differentiation of
human and other groups of hemolytic streptococci.
J Exp Med 1933;57:571-95.

7. Franek J, Kubin V, Prochazka O. The use of
immunofluorescence in grouping streptococci and
in diagnosis of tularemia. Ann N.Y. Acad Sci
1972;177:12-22.

8. Christensen P, Kahlmeter G, Jonsson S, Kronvall
G. New method for the serological grouping of
streptococci with specific antibodies adsorbed to
protein A-containing staphylococci. Infect and
Immunity 1973;7:881-5.

9. Leu YA, Howit IP, Ellner PD. Rapid grouping of
beta-hemolytic streptococci by latex agglutination.
J Clin Microbiol 1978;8:326-8.



Vol.83 No.11 STREPTOCOCCAL GROUPING BY COAGGLUTINATION 1323

11.

Farrel B, Amirak I. Agglutination grouping of for typing pneumococci by means of specific anti-
streptococci. Lancet ii; 1976:1082. body adsorbed to protein A-containing staphylo-
Arvillommi H, Uurasmaa O, Nurkkala A. Rapid cocci. J Med Microbiol 1973;6:187-90.
identification of group A, B, C and G beta-hemo-  15. Lalitha MK, Sridharan G, John M. Coagglutina-
lytic streptococci by a modification of the co- tion for diagnosis of bacterial infection. Indian J
agglutination technique. Comparison of results Pediatr 1989;56:327-33.

obtained by co-agglutination, fluorescent anti-  16. Prakash K. Rapid diagnosis of streptococcal in-
body test, counterimmunoelectrophoresis and fections. Indian J Pediatr 1985;52:391-3.
precipitin technique. Acta Pathol Microbiol Scand  17. Finch RG, Phillips 1. Serological grouping of
(B) 1978;86:107-11. streptococci by a slide coagglutination method. J
Prakash K, Lakshmy A, Ravindran PC, Sharma Clin Path 1977;30:168-70.

KB. Modified rapid method of grouping beta-  18. Hahn G, Nyberg L. Identification of streptococcal
haemolytic streptococci using sensitized protein group A, B, C and G by slide coagglutination of
A-containing staphylococci. Indian J Med Res antibody-sensitized protein A-containing staphy-
1980,71:859-64. lococci. J Clin Microbiol 1976;4:99-101.

Rotta J, Facklam RR. Manual of Microbiological  19. Engle HWB, Silfhout A. Simplified coagglutina-
Diagnostic Methods for Streptococcal Infections tion test for serological grouping of beta-hemo-
and their Sequelae. WHO Publication 1983. lytic streptococci. J Clin Microbiol 1981;14:
Kronvall G. A rapid slide-agglutination method 252-5.

o l" - JJ ) et - &
mawsminelawanngRuty dmitmansdlniveatamaulnronss

D3I MYTIMINA, MN®, Gl ASIAAWTIN, NN,
WIWT IATBY, MUY, FINWY FsETRLWY, NNt

mddedldwasnnteeaiisdedamaSulanonsangu A, B, C, F, G shed8 coagglutination dadu
SAamnusndaamiulresadanasie 0 Idagnnas laldaionsuadsusadamniulneonrs nan
A B, C. F, G #upwinm3 immunized Tunszshg (uauddsndld gaduauauAuadivnuiRiedaunay
DANLANARBULU Staphylococcus protein A Lf«latﬂuﬁﬁmﬁmfu coaggiutination test mnmmﬂﬂauﬁm‘ffa
87989 (reference strain) 19 9 WUI coagglutination reagent wpndammSUinRonrs nax A, C uax G danh
100% v 3 NaN, ATNAUWIL 100%, 100% uaz 9877% @NAWL WazanmIwFsuifisusamimasay
sewhaienfindniu  Auinendi§agy Phadebact® ilenasaurudaiildanddmaarasihs woninams
naaBEBARSBIUABLUYNTY uBnIndldvaaauaIgMsldn (shelf life) ¥BMINEMY 3 ¥iia (um 12 Wau
wuiwgmnmiabinaa sl wazamdwwslndidsiuszozun  laswuhduaRsndwnauiusasuln-
naﬂﬂﬁnduﬁutﬁu*{utﬁnﬁaﬂus:y:Lﬁaum’m 1 uazUfideniinazfunauingou (weakly positive) 874 coagglu—
tination reagent vvamiUlpAoAsanaN B danniuwizgudannbaputien Tusnsiingy F wu defidgm
NALINTENDY

Ay - lausnngdwgy, maiuinnoana

o myTinnind  gnd AAdAwITon, YN givey, gl Az iRuwey
IVINBIMRTRUNNE 4 2543; 83: 1318-1323

* MAINIATIING), ANEUWNEMART PNFINTAINMINEAE, NJInw 4 10330
* theyadiven, Iswenapnaensal, &nmanalng, nanw v 10330




	0360
	0361
	0362
	0363
	0364
	0365

