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Streptococci are Gram-positive, catalase-negative cocci. They are clinically 
significant causing many significant diseases such as: streptococcal pharyngitis, 
impetigo, erysipelas, cellulites, puerperal sepsis, acute rheumatic fever, and acute 
glomerulonephritis (20, 31). Their clinical significance has urged scientists to find 
accurate and rapid diagnostic methods to identify these microorganisms from 
samples. The conventional diagnostic methods are fairly slow in diagnosis and 
identification of these microorganisms. Therefore, scientists have been trying over 
the recent decades, to find better ways and to formulate new kits and methods, to 
easily and more accurately identify these microorganisms in a shorter period of 
time. Since the early 1980s, several kits have been available to the laboratory 
market. Eleven of these rapid diagnostic kits are evaluated in this mini-review. 
After evaluation of these eleven kits, it is concluded that Meritec Strep, Oxoid 
Streptococcal Grouping Kit, Chromogenic Agar medium for group �  streptococci 
and RapID STR are the most accurate kits among co-agglutination kits, latex 
agglutination kits, chromogenic media and commercial kits for the identification 
of streptococci. 

 
INTRODUCTION 

 
Streptococci (Gram-positive, catalase-negative 
cocci) are the leading cause of many dangerous 
diseases in humans, especially new-born, 
neonates, children and pregnant women. Since the 
beginning of the diagnostic microbiology era, 
many methods have been introduced for the 
identification of these microorganisms including 
Gram staining, growth characteristic on various 
culture media, haemolysis on blood agar, catalase 
testing, susceptibility to bacitracin, susceptibility 
to Co-Trimoxazole and optochin, the CAMP test, 
hydrolysis of sodium hippurate, bile-esculin test, 
salt-tolerance test, pyrrolidonyl arylamidase 
(PYR), and the bile solubility test. These methods 
are time-consuming and laborious (31). However, 
the rapid and accurate identification of the 
Lancefield groups and especially � -haemolytic 
streptococci and enterococci is an important 
procedure in clinical laboratories (26). During the 

past three decades, efforts have been focused on 
formulating systems to both accurately and rapidly 
identify streptococci. Several diagnostic systems 
have been introduced for the identification of 
streptococci during this period, with each one 
claiming to provide an accurate and rapid ID. It is 
important to mention that even in these rapid 
diagnostic kits, the primary differentiation of 
streptococci/enterococci from staphylococci 
should be carried out by performing Gram-stain 
and catalase test on colonies from the primary 
culture before the final identification of these 
microorganisms to the species level using the 
rapid diagnostic kits. The purpose of this paper is 
to review some of the available kits in the market 
and determine the most accurate and efficient 
methodology for identifying unknown streptococci 
from a sample in the clinical laboratory. The 
objective is to review the manufacturers’ manuals 
and review studies conducted by scientists that 
evaluate and compare these kits. in this review, 2 
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co-agglutination kits, 3 latex agglutination kits, 3 
chromogenic media and 3 commercial systems for 
the identification of streptococci have been 
reviewed. 
 

MATERIAL AND METHODS 
 

In order to conduct this study, manufacturers’ 
manuals and some books and journal articles on 
the evaluation and assessment of the kits have 
been reviewed. The following kits have been 
looked at in this paper: 
Co-agglutination kits: (Phadebact Strept Test, and 
Meritec-Strep) 
Latex agglutination Kits: (PathoDX Strep 
Grouping Kit: Slidex Strepto-Kit, and Oxoid 
Streptococcal Grouping Kit) 
Chromogenic media: (Chromogenic agar medium 
for group B streptococci, Strepto B ID, and 
Granada Medium) 
Commercial available systems for identification of 
streptococci: (API Rapid Strep, Rapid ID 32 Strep, 
and RapID STR) 
 
Co-agglutination Kits 
Phadebact Strep Test: Phadebact Strep Tests are 
co-agglutination kits, produced by Boule 
diagnostics in Huddinge, Sweden, and are used for 
the rapid identification of � -haemolytic 
streptococci belonging to groups A, � , C, D, F, 
and G. This test is based on the co-agglutination 
technique, and allows ultimate identification of 
streptococci belonging to the mentioned groups by 
the use of a very simple and rapid slide technique. 
In this technique, the pre-prepared group-specific 
(A, � , C, D, F, and G) antibodies from rabbits are 
bound to protein A on the surface of non-viable 
staphylococci. When specific antigen from 
streptococci are bound to these group-specific 
antibodies, a co-agglutination is conducted which 
can be seen by a naked eye. The temperature 
required for this test is “room temperature” and the 
time needed is just “one minute” (26). 
After specimen collection the microorganism is 
cultured in an enrichment broth (Todd-Hewitt 
Broth produced by BBL is strongly 
recommended).  

 
To do the Phadebact Strep Test, usually 1-5 
colonies of � -haemolytic streptococci are taken 
from the culture plate and spread to 2-6 circles on 
the slide for testing. The � -haemolytic colonies of 
streptococci can be taken directly from a cultural 
media or by taking one or two colonies of � -
haemolytic streptococci and inoculating them into 
a broth and incubating them overnight for the 
next-day use in the Phadebact Strep Test. After 
taking sufficient number of colonies of � -
haemolytic streptococci, first, the colonies are 
carefully spread into 1-6 labelled circles and then 
one drop of reagent for each group of streptococci 
(A, � , C, D, F, and G) are placed on the circles 
and are spread with a plastic loop or bare wood 
throughout the smeared colonies. Cautions should 
be practised to use a new loop or wood for each 
colony and circle. The result can be read in a 
minute. A positive result is obtained when there is 
a visible agglutination on the slide; the lack of 
agglutination shows the negative result (26).  
It should be mentioned that there are three 
methods for preparation of the samples in 
Phadebact Strep Test. 
a. Colony samples:  in which the culture is 

carefully inspected for the presence of � -
haemolytic streptococci and 1-5 colonies of 
these � -haemolytic streptococci will be taken 
by a disposable loop and spread on the 6 
labelled circle on the slide. 

b. Optional direct colony extraction: This may be 
considered in the occasional situation when 
there is inadequate numbers of colonies to 
meet the requirement of the test (1-5 for each 
reagent) or when an uncertain result is 
achieved from direct colony testing. This 
method is not considered for group D and F � -
haemolytic streptococci. 

c. Broth inoculation: in which one or more � -
haemolytic colonies of streptococci are 
removed from the culture plate, inoculated into 
2 mL enrichment broth and incubated at 35-37 
degrees Celsius overnight or until the turbidity 
is equal to Mac-Farland standard density  2-3. 
Sufficient growth is sometimes obtained in 4 
hours when using 0.5 mL broth and adequate 
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colonies. Drops of this suspension is used for 
Phadebact Testing (26). 
 

However, as for any other diagnostic kits, there are 
some limitations to Phadebact Strep Test. The 
most frequent limitations and the way to overcome 
them are outlined below. 
a. Sometimes the result of the test is indecisive 

due to inadequate test material; in this case, it 
is recommended to redo the test using direct 
colony extraction method. 

b. Occasionally, the result of 4-hour incubated 
broth is suspicious because of inadequate 
growth; in this case, it is recommended to 
repeat the test after over night incubation of 
the broth. 

c. If the result of the test is equally strong and 
speedy with more than one reagent, it is 
recommended to repeat the test using the 
optional direct colony extraction. 

d. The streptococcal strains used for the 
production of antisera were grown in Todd-
Hewitt broth which is manufactured by Difco. 
So it is not recommended to use any colony 
which was grown in Difco manufactured 
media for Phadebact Testing. 

e. Listeria is antigenically very similar to group 
B streptococci, and may react with the 
reagents, so a catalase test is required to 
differentiate group �  streptococci (catalase 
negative) form Listeria spp. (catalase positive). 

f. One other limitation of Phadebact testing is 
that Phadebact Strep D and Phadebact Strep F 
cannot be used for direct colony extraction 
procedure (26). 

 
Meritec-Strep: Meritec-Strep (Meridian 
Diagnostics, Inc., Cincinnati, Ohio) is a rapid co-
agglutination procedure used for identification of 
� -haemolytic streptococcal groups A, B, C, F, and 
G by direct colony method. This technique is easy 
and requires less effort than most other co-
agglutination techniques. For Meritec-Strep, 
usually one colony is directly applied to the 
reaction card for testing each grouping reagent 
(12, 19). 
 

The Meritec-Strep kit (Meridian Diagnostics) 
reagents include grouping reagents and positive 
and negative test controls. Killed, red-stained 
staphylococcal cells couples with specific rabbit 
antibody to streptococcal groups A, B, C, F, and 
G. A negative control which contains killed, red-
stained staphylococcal cells coupled with non-
immune rabbit serum is used to test each isolate. 
The negative control is included in this technique 
because the individual test kits of groups A and B 
require its use. No reconstitution of reagents is 
needed (19).  
 
 
 
 
 
 
 
 
 
 
 
 
FIG 1: Features of Meritec-Strep kit (19). 
 
To do the Meritec-Strep Test, after usual sample 
collection and culture on media, one � -haemolytic 
colony is carefully taken and tested for each 
reagent except for very small colonies, which 
occurs infrequently. These small colonies are 
picked to cover the flat end of a wooden applicator 
stick (approximately 2-mm in diameter). The 
inoculated flat end of the stick is rubbed over the 
entire surface of the reaction oval on a 
determination card. One drop of the grouping 
reagent is mixed with an applicator stick and then 
rocked for 3 minutes unless reaction occurred 
sooner, as soon as reaction occurred the test is 
stopped. Reactions are graded no agglutination or 
1 - 4+ agglutination (19).  
 
Latex agglutination kits 
PathoDX Latex Agglutination Strep Grouping 
Kit: This kit is produced by Siemens Medical 
Solutions Diagnostic located in Los Angeles, CA, 
and is used to identify � -haemolytic streptococci 
groups A, B, C, F and G from culture. The kit 
contains one vial from each of strep grouping latex 
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A, B, C, F and G; control antigens ABC and FG; 
extraction reagents 1, 2 and 3; stirrers; and 
disposable slides, and is supplied with 60 tests. 
The company’s manual mentions that this test 
provides the result in one minute. (Procedure of 
the test could not be found till the end-time of 
writing this review) 
 
Slidex Strepto-Kit: This latex agglutination kit 
designed by BioMérieux company in Hazelwood, 
MO, to identify the � -haemolytic streptococci 
belonging to Lancefield-groups A, � , C, D and G 
in 10 minutes (3).  To do this test the following 
procedure should be followed: 

a. Take four or five suspected colonies of 
streptococci to be tested and emulsify them 
in extraction enzyme. 

b. Incubate the suspension for 10-15 minutes 
at 37 degrees Celsius.  

c. Dispense one drop from each sensitized 
latex reagent. 

d. Add one drop of extract and mix it, then 
rock the slide gently. 

e. If agglutination occurs within two minutes 
that indicates the presence of antigen (3).  

 
Oxoid Streptococcal Grouping Kit: Oxoid 
Streptococcal Grouping Kit (Oxoid, Basingstoke, 
England) is a latex agglutination kit for the 
identification of the streptococci and reagents are 
provided for groups, A, B, C, D, F, and G. In fact, 
streptococci have specific carbohydrate antigens 
that can be extracted from the cells and their 
presence can be demonstrated with these latex 
particles which were previously coated with 
streptococci group-specific antibodies. Upon 
challenge, these latex particles agglutinate with the 
presence of specific and homologous antigens 
(23). 
The use of a new enzymatic extraction procedure 
in Oxoid Streptococcal Grouping Kit remarkably 
shortens the time required for antigen extraction 
and therefore, improves the antigen yield, 
especially for Group D streptococci (23).  
This latex agglutination kit is very easy-to-use, 
easily stored, and does not need refrigerating or 
heating (should be kept in room-temperature), the 

reagents and extraction enzyme should be kept at 
2-8 degrees Celsius. Recently, the new Oxoid 
Streptococcal Grouping Kit improved the 
detection of vancomycin resistant group D 
organisms (22). 

To perform this test, the following procedure 
should be followed:  

a. The latex should be brought to room 
temperature by keeping the bottle in hand; 
the bottle should be shaken vigorously to 
ensure homogenous suspension before use. 

b. Then one drop from each latex reagent for 
different groups of streptococci should be 
dispensed into the circular rings on the 
reaction card. 

c. The mixture should be spread over the entire 
area of the ring with the mixing sticks 
provided by manufacturer, making sure that 
a separate stick is used for each ring. 

d. The card should be rocked gently; normally 
agglutination will take place in one or more 
rings within 30 seconds. Avoid rocking the 
card for more than one minute. Magnifying 
glass should not be used to assist reading 
(23).  

When agglutination occurs in one reagent or when 
agglutination is stronger in one reagent, the test 
should be interpreted as positive. The test is 
interpreted negative when no agglutination occurs. 
Any faint observable traces of granular material in 
the negative reaction should be ignored (23).  
 
It should be noted that before using the latex, 
sample which are to be identified should be grown 
on a blood agar plate overnight at 37 degrees 
Celsius. The haemolytic reaction of suspected 
colonies should be carefully examined and it is 
also recommended to perform a Gram stain and 
Catalase test to ensure the presence of Gram-
positive, Catalase-negative cocci. Then for each 
culture that is intended to be grouped the 
following procedure should be performed (23): 

a. Reconstitute a bottle of Oxoid Streptococcal 
Extraction Enzyme (DR 593) with sterile 
distilled water to the amount shown on the 
label. Then the test tubes should be labelled 
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appropriately and 0.4 ml of enzyme should 
be dispensed into each test tube. 

b. 2-5 test colonies equivalent to 2-3 mm of 
growth should be selected with a 
bacteriological loop and should be 
emulsified in the enzyme preparation. 
Maximum caution should be exercised to 
avoid contamination if the culture is mixed. 

c. The preparation should be incubated for 10 
minutes in a water bath at 37 degrees 
Celsius. It is important to remove each tube 
after 5-minute incubation and shake it 
vigorously for 2-3 seconds, and then 
continue the incubation. After 10 minutes 
incubation tubes should be removed and 
cooled at room temperature (23).  

However, as for any other test, there are some 
limitations when using Oxoid Streptococcal 
Grouping Kit.  

a. If an inadequate amount of culture is used 
for extraction, the test may result false-
negative. 

b. This kit best performs with � -haemolytic 
streptococci. Attempts have been made to 
extend the use of this kit for non-haemolytic 
streptococci as well, but, so far, just groups 
� , D and N were successfully tested with 
Oxoid Streptococcal Grouping Kit. Refer to 
FIG 2. 

c. Sometimes, group D reagent fails to react 
with S. bovis, therefore, this strain needs 
additional testing (23). 

When using the Oxoid latex agglutination kit for 
identification of unknown streptococci, 
manufacturer recommends the following flowchart 
procedure to be followed: (23) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
FIG 2: Oxoid flow chart for the identification of streptococci groups A, B, C, D, F and G. 
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Chromogenic Media 
Identification of microorganisms in a sample 
suspected of containing pathogenic organisms is 
important. While numerous methods have been 
introduced to help distinguish and identify 
microorganisms, most of them involve proper 
selection of culture media and several 
supplementary steps including incubating, 
preliminary identification by morphology, 
followed by further culturing and incubation of 
those microorganisms. In some cases, complete 
identification of the microorganisms in a sample 
can last several days, as the cultures are usually 
incubated for 18-24 hours before significant 
growth is detected. Therefore, the use of colour to 
differentiate various microorganisms was 
attempted against this backdrop. This idea, 
despite its usefulness and easy interpretation, 
failed to be successfully introduced to clinical 
microbiology for many years. Relatively recently, 
so-called chromogenic media have been 
introduced and utilized to differentiate strept-
ococci (10). 
 
Chromogenic media are increasingly improving 
and widely used in today’s bacterial 
identification. Chromogenic media are 
microbiological growth media that contain 
enzyme substrates linked to a chromogen (color 
reaction). Bacteria are distinguished by enzyme 
systems that metabolize the substrate to release 
the chromogen. This results in a colour change in 
the medium (27), there are many benefits and 
advantages in using chromogenic media in 
bacterial identification, some of which are 
outlined below: 

a. Shorter-time result collection: compared 
with traditional methods, chromogenic 
media need shorter time for result collection. 
Some media give confirmed results within 
24 hours. 

b. The ready-to-use formats: chromogenic 
media are very easy-to-use and it eliminates 
the need for further preparation and 
processing of the samples. 

c. Result interpretation is easy and always 
visual and often does not need further 
testing. 

Three chromogenic media are reviewed in this 
paper. 

Chromogenic Agar Medium for Group B 
Streptococci: This is a microbiological growth 
medium that contains enzyme substrates linked to 
a chromogen. Bacteria are distinguished by 
enzyme systems that metabolize the substrate to 
release the chromogen. This results in a colour 
change in the medium (27). To identify group �  
streptococci using the Chromogenic Agar 
Medium for group �  streptococci (Medium � ), 
first a few colonies from a primary culture 
medium is taken by a loop and is spread on the 
surface of this medium. The medium is then 
incubated overnight and the result is read the next 
day. The generation of red colonies on 
Chromogenic Medium is sufficient evidence for 
the presence of group �  Streptococci (FIG 3). 
 

FIG 3: Medium B showing red colonies of group B 
streptococci amongst pale green colonies of enterococci 
(24). 
 
Strepto B ID: This chromogenic medium, as its 
name suggests, is also used for detection of group 
B streptococci (S. agalactiae). It was made by the 
famous company in microbiology media 
preparation – BioMérieux. This product is very 
easy-to-use due to incubation under aerobic 
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condition compared with Granada Medium 
(discussed below) which needs partial anaerobic 
incubation and a longer period of incubation (31). 
 
To detect group �  streptococci with Strepto �  ID 
chromogenic medium, first the microorganism is 
cultured in Todd-Hewitt enrichment broth, and a 
few of the colonies are then taken by a loop and 
spread on the medium and incubated aerobically 
for 18-20 hours. The red colour after incubation 
shows the positive result for the identification of 
S. agalactiae. 
 
Granda Medium: Granada Medium, produced 
by Hardy Diagnostics, is used for the detection of 
group B streptococci from clinical specimens 
(13). “Granada Medium contains peptones, 
starch, and horse serum which provide nutrients 
necessary for growth of bacteria. The medium 
contains MOPS and sodium phosphate as buffers. 
Methotrexate enhances the pigment production of 
group B streptococci. Dextrose and sodium 
pyruvate prevent the formation of inhibitory 
compounds in the media. The selective agents 
present in the media are metronidazole (to inhibit 
gram-negative anaerobes), colistin sulfate (gram-
negatives), and crystal violet (gram-positives). 
Agar is used as the solidifying agent. (13). 
Production of an orange carotenoid pigment on 
Granada Medium is exclusive to the � -
haemolytic group B streptococci isolated from 
humans (FIG 4). The use of Granada Medium as 
a primary isolation medium can enable the 
detection of those organisms with the ability to 

produce pigment, making further subcultures 
unnecessary. There is no significant difference in 
the recovery of group B streptococci when 
compared to Selective Columbia Blood Agar, or 
procedures using LIM or Todd-Hewitt Broth. 
These features make Granada Medium a highly 
sensitive, accurate, and faster method of detecting 
� -haemolytic group B streptococci.” (13). 
 
The following steps should be followed upon 
performing the test: 
a. Collect the sample according to the standard 

guideline for sample collection. 
b. Streak the swab used to collect the sample in 

a plate of Granada Medium and incubate it 
either anaerobically or aerobically for 18 
hours at 35 degree Celsius, or flame-sterilize 
and cool a glass cover slide and then place it 
on the inoculum onto the Granada Medium 
plate (FIG 4-C). Incubate aerobically for at 
least 18 hours at 35 degrees Celsius. 

c. Examine the plates for generated orange or 
red pigmented colonies which is typical for 
S. agalactiae (7, 13). Incubating the medium 
for 48 hours fosters the specificity of the test 
(8). 

On Granada Medium the colonies of group B 
streptococci appear in red or orange pigmented 
which easily distinguishes S. agalactiae from 
other organisms that might be growing on the 
plate (FIG 4). It should be noted that any degree 
of orange pigmentation is interpreted as positive 
result. 
 

FIG 4: Appearance of colonies of GBS after 18-hour incubation anaerobically (A), Granda Medium Tube (B), and aerobically 
with a cover slide partially covering the inoculum (C). (7) 
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This test, the same as most other microbiological 
tests, have some limitations that have to be 
considered, some limitations of Granada Medium 
are as follow: 
d. As mentioned earlier, for Granada Medium 

to produce pigmentation, it is necessary to 
be incubated anaerobically or aerobically 
with a cover slide covering a part of the 
inoculum. Those slides that were incubated 
aerobically without any cover slide may 
produce a false-negative result. 

e. Granada Medium is not selective for group 
B streptococci, and it allows other micro-
organisms (enterococci) to grow on the 
medium as well; however, they do not 
produce any red or orange colony pigment. 

f. Granada Medium is a heat-labile medium 
and should be kept refrigerated, and only 
those media which are tended to be used 
daily should be heated.  

g. Sometimes, the non-haemolytic group B 
streptococci are also seen in the sample (1-
2%) and can be grown in the medium, but 
they cannot produce the red or orange 
pigmented colonies (13). 

 
Commercial Available Systems for Identifica-
tion of Streptococci 
API Rapid Strep: API Rapid Strep, 
manufactured by BioMérieux, consists of 20 
tests, including chromogenic enzyme substrates, 
physiological tests and carbohydrate-utilization 
test. The unique feature of this system is that it 
can be read twice; if the first time (after 4-h 
incubation) the result could not be interpreted 
properly using the physiologic and chromogenic 
substrates, it can be incubated overnight, to allow 
the acid production from 10 carbohydrates, and 
can then be read the next day for proper 

identification of streptococci. Its database 
includes a wide range of Gram-positive, catalase-
negative microorganisms such as � -haemolytic 
streptococci, Enterococcus species such as E. 
faecalis, E. Faecium, E. gallinarum, E. avium, 
and E. durans (31). 
To do this test, one or more colonies of the 
microorganism are taken from the culture plate 
and inoculated into distilled water to make a 
suspension of the microorganism. Then the 
suspension is applied in the cupules of test strip 
and incubated for 4 hours at 35-37 degrees 
Celsius. The result can be read to generate the 
organim’s biotype number which corresponds to 
microorganism’s identity. However, the database 
of this system has not been updated to include the 
recently discovered streptococcal species such as: 
S. vestibularis, S. gordonii and S. crista (31). 
 
Rapid ID 32 Strep: This system, also 
manufactured by BioMérieux, is a 32-test strip 
identification system for streptococci and 
Streptococcus-like bacteria. The database of this 
kit is very comprehensive and includes the 
groupable streptococci, most of enterococci, 
viridans streptococci and the newly discovered 
streptococcal species (Mutants group oral 
streptococci, S. oralis, S. gordanii, and S. 
vestibularis) that API Rapid Strep fails to identify 
(31).  
 
The procedure for performing Rapid ID 32 Strep 
is straightforward and is as follow: 
�  Some colonies of the unknown micro-

organism are used to make a suspension to a 
turbidity equivalent of a McFarland 4 
standard. 

�  55 micro litre of the suspension is placed into 
each of the 32 cupules.  
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�  The strip is then incubated for 4 hours at 35-
37 degrees Celsius. 

�  The result can be read manually using the 
code book which identifies the biotype 
number for identification of microorganism 
or with the automated reader (ATB 1520 
Reader linked with an ATB 1545 computer, 
BioMérieux) (31). 

 
 
RapID STR: The RapID STR system 
manufactured by Remel, uses a small corvette 
consisting 10 wells, 4 of these 10 wells have a 
bifunctional role, therefore, resulting in 14 
biochemical tests that are used with conjunction 
of haemolytic reaction of the isolates. The test 
includes the carbohydrate-utilization tests, 
physiologic determinations including arginine 
dihydrolase, esculin hydrolysis, and chromogenic 
enzyme substrate hydrolysis (31). 
 
To carry out this test, the following steps should 
be exercised: 
�  A suspension of microorganism is prepared in 

a fluid provided along with the kit. 
�  The system is inoculated with the suspension 

of the microorganism (McFarland 1 turbidity 
standard). 

�  Incubate the kit for 4 hours at 35 degrees 
Celsius in a non-CO2 incubator. 

�  The result is read (31). 
 

RESULTS 
 
In the result section of this paper, a selection of 
studies conducted by scientists, and published in 
the books and journals, are reviewed and 
compared with each other to identify the most 

accurate, sensitive and specific kit in each 
category.  
 
Co-agglutination kits 
Co-agglutination kits are commonly used as a 
method of rapid identification of specific 
streptococci. Because the clumping reaction 
occurs quickly and is easy to produce, 
agglutination is an important technique in 
diagnosis. In this technique the antigen extract 
reacts with S. aureus cells sensitized with group-
specific antisera (31). An observable agglu-
tination of staphylococcal cells which are coated 
with specific antiserum presents sufficient 
information to understand the grouping of the 
microorganism. There are many commercial co-
agglutination kits available, two of which will be 
discussed in this paper: 
  
Phadebact Strep Test: Phadebact kits are used 
to identify groups A, � , C, D, F and G � -
haemolytic streptococci. It contains the group-
specific antisera, raised in rabbits and bound to 
non-viable staphylococci. The reagents are 
coloured blue (methylene blue) for easy 
interpretation. A significant or stronger reaction 
in one reagent when compared to other reagents 
is considered positive, but when there is no 
reaction it means that the bacterium is not a 
member of group A, � , C, D, F and G 
streptococci, but before being confident about 
this statement, the reporter has to make sure that 
he has considered other possibilities mentioned 
above in the “limitation of Phadebact Strep Test” 
under material and method section (26). 
The sensitivity and specificity of this test is very 
good but varies according to type of colony 
selection and incubation time. In clinical studies 
conducted to compare the result of different 
methods of colony selection in Phadebact Strep 
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Test, it has been shown that colony testing 
(colony sample) could correctly identify (94.3%) 
of the � -haemolytic isolates. The broth testing 
incubated for 4 hours has resulted in a better 
outcome (95.4%) of the � -haemolytic 
streptococci isolates were correctly identified. 
And when the broth testing was used after 24-h 
incubation it resulted in an excellent 99% 
sensitivity (FIG 5). Moreover the sensitivity, 
specificity and accuracy of the Phadebact Strep 
Test are shown in table 1 (group A), table 2 
(group � ), table 3 (group D), table 4 (group F).  
 
FIG 5: The accuracy of Phadebact Strep Test with different 
colony extraction techniques (26). 

 
 TABLE 1: Specificity and sensititvity of Phadebact Strep 
group A (26). 

TABLE 2: Specificity and sensitivity of Phadebact Strep 
group B (26). 
 

 
TABLE 3: Specificity and sensitivity of Phadebact Strep 
group D (26). 

 
TABLE 4: Specificity and sensititvity of Phadebact Strep 
group F (26). 
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However, the most important weak point of 
Phadebact Strep Kit is that if it is used for an 
organism other than � -haemolytic streptococci, it 
gives an incorrect result. This is because some 
organisms are antigenically similar to � -
haemolytic streptococci. For example, if 
Streptococcus pneumoniae is used with this test, 
it reacts with the “C” reagent (26). It is more 
because of the high similarity between � -
haemolytic streptococci and Streptococcus 
pneumoniae. But, in a study conducted by Kellog 
and his colleagues and published in journal of 
clinical microbiology, the sensitivities and 
specificities of several different diagnostic assays 
for detection of Streptococcus pneumoniae were 
evaluated.  
 

The result of the study demonstrated a good 
result for Phadebact Strep Test (Boule 
Diagnostics AB, Huddinge, Sweden). The 
summary of the result of all different diagnostic 
assays are demonstrated in TABLE 5 (16). 
 
As shown in this table, Phadebact Strep Test had 
100% sensitivity and 98% specificity, 100% 
negative predictive value and 98% positive 
predictive value. This result is an amazing result 
for Phadebact Strep Test, but it should be noted 
that this test was just focused on S. pneumoniae, 
so, further studies should be reviewed to 
understand the overall sensitivity, specificity, 
positive and negative predictive values of this 
test.  
 

TABLE 5. Performance of tests for the identification of S. pneumoniae (16)

. 
Similarly, in another study conducted by 
Hamilton, and published in the same journal, the 
accuracy of Phadebact, SeroSTAT and Streptex 
were assessed in identification groups A, B, C, 
and G streptococci. The studies have reported 
accuracies of 83 – 99% with Streptex and 
SeroSTAT and 98 – 100% for Phadebact (12), 
which is almost the same result as the previous 
study. Furthermore, a study conducted by 
Wellstood and published in the Journal of 
Clinical Microbiology, Phadebact Strep Test 
(Pharmacia Diagnostics,Piscataway, N.J.) and 
Streptex test (Burroughs-Wellcome Co., 

Research TrianglePark, N.C.) were evaluated for 
rapid grouping of streptococci directly from 
blood culture. From 126 strains that were tested 
by the 4-h Phadebact method, 120 (95.2%) 
agreed with Lancefield groupings, and 133 
(97.1%) of the 137 strains tested by Streptex 
were correctly identified. In contrast, only 31 of 
55 strains (56.4%) were correctly characterized 
by the 2-h Phadebact method. Misidentifications 
were related to multiple agglutinations and weak 
agglutinations in homologous antisera (30). 
Group A isolates were most frequently 
misidentified by all the test methods (TABLE 6). 
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 TABLE 6:  Comparison of Phadebact and Streptex procedures for grouping stretptococci directly from blood cultures (30). 

 
From TABLE 6 it can be concluded that 
Phadebact will have a better result after 4-h 
incubation, but still its result is not as accurate 
and sensitive as Streptex. (30). It is why the 
manufacturer also indicated that the sensitivity 
and specificity of the Phadebact Kit will increase 
after overnight or 24-hour incubation.  
 
Meritec Strep: Meritec Strep is another co-
agglutination method used for rapid identification 
of � -haemolytic streptococci from groups A, � , 
C, F and G by direct colony method. It needs 
fewer colonies compared with Phadebact Strep 
Test and the result is achieved quicker. The 
specificity and sensitivity of this kit is reported to 
be very good. In a study conducted by John 
Hamilton, comparing Meritec-strep (Meridian 
Diagnostics, Inc., Cincinnati, Ohio), and Streptex 
test (Wellcome Diagnostics, Research Triangle 
Park, N.C.) for identification of groups A, B, C, 
F, and G streptococci, it was discovered that 
Meritec-Strep is far better than Streptex in the 
accuracy of the result, and in the number of 
colonies and time required for the performance of 
the test. (12). It was revealed that from primary 
isolation plates, Meritec-Strep correctly identified 
97.3% of the isolates compared with 94.6% 
correctly identified for Streptex. Meritec-Strep 
produced a false-negative for one group A isolate 
and positive reactions for group A and F reagents 
with another group A isolate. A diphtheroid 
contaminant caused the positive group F reaction.  
 

 
Meanwhile, Streptex produced false-negative 
results for one group A and three group C 
isolates. Most positive reactions were strong and 
rapid (less than 30 seconds) for both kits. The 
negative test control provided in the individual 
group A and B kits was non-reactive for all 
isolates. Meritec-Strep accurately identified 
isolated colonies of � -haemolytic streptococci on 
primary isolation and subculture plates. It 
provided faster results than Streptex by 
eliminating the time and manipulation of antigen 
extraction and needed fewer colonies when 
individual group A or B reagents were used (12). 
The initial results of Meritec-Strep and Streptex 
grouping of � -haemolytic streptococci from 
primary isolation and subculture plates are 
displayed in table 7. 
 
TABLE 7: Results of Meritec-Strep and Streptex grouping 
of � -haemolytic streptococci from primary isolation and 
subculture plates (12). 
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As it is shown in TABLE 7, amazingly, the 
isolates which were taken from subculture plates 
produced 100% accuracy and agreement between 
two kits, as the author reported, the reaction had 
been strong (3-4+) and the time was less than 30 
seconds for both kits. Of the 74 isolates tested 
from primary cultures, Meritec-Strep correctly 
identified 72 of them (97.3%) while Streptex 
could correctly identify 70 (94.6%) showing that 
Meritec-Strep is a remarkable method for the 
rapid identification of � -haemolytic streptococci 
from groups A, � , C, F and G. 
 
Latex agglutination kits�
The latex agglutination test is a laboratory 
method to check for certain antibodies or 
antigens in a variety of body fluids including 
saliva, urine, cerebrospinal fluid, or blood. In this 
test, polystyrene latex beads are used as the 
carriers for the group-specific antisera which are 
reacted with the microorganism’s extract 
meaning that the antigen is adsorbed onto latex 
beads or particles which then clump in the 
presence of antibodies specific for the adsorbed 
antigen. There are some commercial kits for this 
method and they are widely used for the 
identification of streptococci (31). They are as 
follow: 
1. PathoDX Strep Grouping Kit, 
2. Slidex Strepto-Kit 
3. Oxoid Streptococcal Grouping Kit 
Due to their easy usage and short time 
requirement, latex agglutination kits have 
replaced the traditional Lancefield extraction-

capillary precipitin technique for serogruoping of 
� -haemolytic streptococci (31). 

 
PathoDX Latex Agglutination Strep Grouping 
Kit: PathoDX Strep Grouping Kit is used to 
identify � -haemolytic streptococci groups A, B, 
C, F and G from culture. This test also has a good 
sensitivity and specificity in identification of � -
haemolytic streptococci and has been evaluated 
by many studies conducted by scientists. In a 
study conducted by Granato and his collegues, 
PathoDX Strep A Kit (Diagnostic Products 
Corporation, Los Angeles, CA) was compared 
with the routine culture for the direct detection of 
group A � -haemolytic streptococci in 414 
pharyngeal specimens collected from children 
with pharyngitis. The result of the study shows an 
encouraging result in detecting group A � -
haemolytic streptococci. The sensitivity of latex 
PathoDX Strep A kit was 96.7% with a 
specificity of 97.9%. Meanwhile the positive and 
negative predictive values of this study show 
97.2% and 97.4% (11). However, in this study 
there were five false-positives and six false-
negative results with latex test; the analyses of 
these false-negative and false-positive results 
along with the review of patients’ history 
revealed that this inappropriate result is mostly 
because of a sampling error during specimen 
collection rather than deficiency in the latex kit. 
TABLE 8 displays the comparative result of 
PathoDX Strep A kit test with Routine Culture in 
this study (11). 

 
TABLE 8: Comparative results of PathoDX Test with Routine Culture for detecting group A � -haemolytic streptococci in 
pharyngeal specimens. (11) 
 



Aziz Niazi  13346823                                                                                                                                                                                           14 

 

Therefore, the results of this study showed that 
the PathoDX test is an easily-performable, highly 
sensitive system for the detection of group A 
streptococci in pharyngeal specimens. (11). 
Similarly in another study conducted by Davies 
and his colleagues, five commercially available 
agglutination kits were compared: Prolex-Blue 
(Pro-Lab Diagnostics), Streptex (Murex), 
PathoDx (DPC), Oxoid Streptococcal Grouping 
Kit (Oxoid) and Prolex-White (Pro-Lab 
Diagnostics). They have been testing 302 isolates 
of � -haemolytic streptococci from different 
groups with all these kits. In this study it was 
discovered that the PathoDX Strep Kit does not 
show a good result for group D � -haemolytic 
streptococci, but the result is exceptionally good 

with � -haemolytic streptococci from other 
groups. Sensitivities of the kits compared in this 
study were: Prolex-Blue (98.6%), Oxoid (97.9%), 
Streptex (92.4%) and Prolex-White (70.3%). 
PathoDx produced a sensitivity of 80.3% for all 
the groupable isolates found in the study, but was 
not designed to identify the group D antigen (FIG 
6). When group D strains were excluded, 
sensitivity increased to 99.1% (4). One possible 
reason for good result of PathoDX strep Kit 
might be the improved sensitivity of the PathoDx 
kit in its ability to detect the presence of low 
numbers of � -haemolytic streptococci in clinical 
samples (11). 
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FIG 6: The comparison of the sensitivities of the five used 
kits in Davies and colleagues’s study. 

Slidex Strepto-kit: This latex agglutination kit, 
have been formulated by BioMérieux Company 
in Hazelwood, MO, to identify the � -haemolytic 
streptococci belonging to Lancefield-groups A, 
� , C, D and G.  In a study conducted by 
Kristensen and his colleagues, a procedure for 
rapid identification of blood culture isolates of 
pneumococci, enterococci and � -haemolytic 
streptococci groups A, B, C, D and G was 
studied. Immunological tests were performed on 
all the samples directly on the blood culture 
medium and quelling reaction was included for 
the cultures of pneumococcal samples and then 
the latex agglutination was applied for 
streptococcal groups A, B, C, D and G. during a 
one-year trial period of studying almost 12,000 
blood culture sets, 208 sets demonstrated a pure 
growth of GPC in pairs or chains by direct 
microscopy. The result of Slidex Strepto-Kit is 
summarized in table 9 (18). 

 
TABLE 9: The performance of each test applied for rapid identification of GPC in pairs or chains in the study (18). 

 
 
 
 
 
 
 
 



Aziz Niazi  13346823                                                                                                                                                                                           15 

 

As shown in table 9, the result obtained from 
Slidex Strepto-Kit is not so convincing showing a 
considerable number of false-negatives and some 
false-positives. However, although the overall 
sensitivity is not very high, the specificity of the 
test shows some good numbers. In my mind, 
further studies are needed to prove the accuracy 
of this test.   
 
Oxoid Streptococcal Grouping Kit: Oxoid 
Streptococcal Grouping Kit (Basingstoke, 
Hampshire, United Kingdom) is a very powerful 
and accurate system for identification of � -
haemolytic streptococci. Its high sensitivity and 
specificity among the rapid identification kits 
have been evaluated and proven by studies 
conducted by scientists. However, the only point 
that concerns the optimality of Oxoid 
Streptococcal Grouping Kit is its need to incubate 
the enzyme preparation for 10 minutes and 
especially when it is necessary to remove it after 
5 minutes and shake it to ensure a homogenous 
suspension, because, it is time-consuming and 
needs a person to stand beside the incubator and 
keep track of the preparation for a whole 10 
minutes; otherwise, this kit is one of the most 
accurate and convenient latex agglutination kits. 
 

In a study conducted by Petts and published in 
the Journal of Clinical Microbiology, the Oxoid 
Dryspot Streptococcal Grouping Kit (Oxoid Ltd., 
Basingstoke, Hampshire, United Kingdom) – that 
uses pre-dispensed latex dried onto reaction cards 
or cardboard strips – was evaluated for grouping 
� -haemolytic streptococci. Surprisingly, all � -
haemolytic streptococci from all groups (85 
strains groups A, 87 strains group � , 30 strains 
group C, 38 strains group D, 23 strains group F, 
and 65 strains group F) were correctly identified 
giving it a 100% sensitivity, specificity and 
positive and negative predictive values (25). 
Therefore, the author concluded that the Oxoid 
Dryspot Streptococcal Grouping Kit is a 
trustworthy method for grouping � -haemolytic 
streptococci in clinical laboratories (table 10). 
 
Similarly in another study conducted by Davies 
and his colleagues, and mentioned previously 
(FIG 6), five commercially available agglu-
tination kits were compared. Oxoid Streptococcal 
Grouping Kit resulted in 97.9% accuracy ranking 
the second among those five kits (4). 
 

TABLE 10: Performance of the streptococcal grouping reagents used in Petts’ study (25).
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Chromogenic Media:  
Chromogenic media are widely used in today’s 
bacterial identification. Chromogenic enzyme 
substrates are compounds that operate as 
substrates for particular enzymes and result in 
colour change in the medium due to the action of 
the enzyme on the chromogenic substrate (31).  
 
Chromogenic Agar Medium for Group B 
Streptococci: This agar medium is a highly 
sensitive, easy-to-use and easy-to-interpret 
medium for identification of group B 
streptococci. In a study conducted by Perry and 
colleagues the accuracy, sensitivity and 
predictive values of this chromogenic agar 
medium was compared with the Granada 
Medium and Blood Agar.  
 
In this study, this medium demonstrated 100% 
sensitivity for the identification and detection of 
group B streptococci and similarly showed a 
100% positive predictive value. Chromagar Agar 
Medium �  (Medium � ) had a better sensitivity 
and specificity than Blood Agar for the isolation 
of group �  streptococci (TABLE 11). All strains 
of group �  streptococci were grown and isolated 
as red colonies on this medium after 18 to 20-h 
incubation (24), and were very easy to distinguish 
from other flora. No other species generated red 
colonies on this medium (FIG 3). This is the first 
chromogenic medium designed for the detection 
of group B streptococci. It offers an effective and 
convenient alternative to conventional media 
traditionally used for this purpose. Also, Granada 
Medium showed a tremendous performance for 
the detection of group B streptococci from the 
clinical samples. 
  

TABLE 11: Comparison of three media for recovery of 
Streptococcus agalactiae from 195 clinical samples (24). 

Looking at TABLE 11, it can be seen that the 
result of this chromogenic agar medium for group 
B streptococci is really convincing with 100% 
sensitivity and 100% positive predictive value 
(24). 
 
Strepto B ID: This chromogenic medium is also 
used for detection of group B streptococci (S. 
agalactiae). In a study conducted by Perry and 
his colleagues and published in the European 
Society of Clinical Microbiology and Infectious 
Diseases (8), the effectiveness of Strepto B ID 
(BioMérieux) for isolation of S. agalactiae from 
genital samples were evaluated and studied. One 
hundred and thirty four swabs were provided and 
tested with Strepto B ID chromogenic media and 
Columbia Blood Agar. Columbia Blood Agar 
was incubated for 20 hours anaerobically at 
37°C, while cultures on Strepto B ID were 
incubated for 20 hours in air at 37°C. Finally, a 
total of 20 colonies of group B streptococci were 
detected from one hundred and thirty four swabs, 
others were either non-haemolytic or they were 
haemolytic but did not belong to group B. In this 
study there was just one false-positive result 
using Strepto B ID belonging to Streptococcus 
equisimilis that generated red colonies on this 
medium. But generally, Strepto B ID was more 
sensitive and more specific than Blood Agar for 
isolation of group B streptococci. All strains of 
group B streptococci formed distinct red colonies 
that were very easy to differentiate from other 
flora (8). 
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Granada Medium: Granada Medium is also 
used for the detection and identification of group 
�  streptococci from clinical samples. There are 
two types of this medium, Granada Agar Medium 
and liquid Granada Medium. This is a heat-labile 
medium and has to be kept refrigerated at all 
times; otherwise it will result in false results. FIG 
4 demonstrates the generation of red colonies of 
� -haemolytic streptococci on Granada Medium. 

In a study conducted by Perry and his colleagues 
which was mentioned before, it was discovered 
that Granada Medium was also a highly useful 
medium for the isolation of group �  streptococci 
(24). As the authors mention this medium has the 
advantage that other flora does not generate 
coloured colonies on this medium (see FIG 7 for 
comparison).  

 

FIG 7: The physical appearance of S. agalactiae compared with S. pyogenes on Granada Medium (13). 

 
In another study conducted by Tamayo and his 
colleagues and published in the Journal of 
Clinical Microbiology, the accuracy, sensitivity, 
specificity, and positive and negative predictive 
values of Granada Agar Plate (GAP) was 
evaluated and compared with Columbia Blood 
Agar 5% in isolates from urine samples of some 

pregnant women. The result indicated that 
Granada Agar Plate could detect 103 of 105 
group B streptococci giving it a considerable 
98% sensitivity. While Columbia Blood Agar 
could correctly identify 50 out of 105 samples 
giving it a low sensitivity of 47.6%. The result of 
study is displayed in TABLE 12 (29). 

  
TABLE 12: characterization of testing results by Granada Agar Plate (GAP) and Columbia blood Agar (BA) (29). 
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As can be seen in TABLE 12, Granada Agar 
Plate has a considerably better result than 
Columbia Blood Agar, showing that Granada is a 
better medium to detect group B streptococci 
than traditional Columbia Blood Agar. But a 
study by Overman and the colleagues on 
evaluation of methods to increase the sensitivity 
and timeliness of detection of Streptococcus 
agalactiae in pregnant women published in the 
Journal of Clinical Microbiology indicates that 
Granada Medium (Hardy Diagnostics, Santa 
Maria, California) has a very low sensitivity of 
between 18.9 – 68% (21).  
 
But, an article by De La Rosa-Fraile in the 
Journal of Clinical Microbiology critiqued the 
results of the previous study by Overman and 
colleagues saying that the low sensitivity of the 
study conducted by them was not because of 
deficiency in the medium, but rather because the 
medium might not have been kept at a suitable 
temperature. As mentioned earlier, the Granada 
Medium should be kept refrigerated and not kept 
in room temperature. The author indicates that 
the poor result of the study by Overman et al. for 
Granada Medium sensitivity can be because of 
poor storage conditions either during transport or 
in the laboratory. In fact, the Granada Agar 
should be transported and stored under proper 
conditions (5).  
 
On the other hand, in another study conducted by 
Heelan and colleagues in 2005, the use of a 
Liquid Granada Medium for detection of group B 
streptococci has been studied. This medium is 
composed of Granada Medium, starch, proteose 
peptone 3, methotrexate, a Good’s buffer, serum, 
glucose, and selective agents. (14). In this study, 
Heelan and colleagues found that this medium 
has a sensitivity of 87.8 –  90.3%. Nevertheless, 
the authors also claim that sometimes Granada 
Agar lacks sensitivity for S. agalactiae detection 

(14). However, in another article, De La Rosa 
Fraile in the Journal of Clinical Microbiology in 
the same year critiquing the article by Heelan and 
the colleagues, revealed that the poor result in 
detecting S. agalactiae in Heelan’s study might 
have been due to the fact that when liquid 
Granada Medium is reserved refrigerated the 
starch precipitates and produces an opaque white 
mass, whereas S. agalactiae colonies are 
sometimes hardly noticeable, though, if the 
medium is not kept refrigerated the medium 
weakens in a few days (6). See FIG 4 for the 
appearance of colonies of GBS after 18-hour 
incubation anaerobically, aerobically with a cover 
slide partially covering the inoculum, and Granda 
Medium Tube (7). 
 

Any way, the more complicated way of using this 
medium than other chromogenic media 
(incubating aerobically with cover slide or 
anaerobically) and its short shelf-life plus 
inconvenient storage of this medium are weak 
points of Granada Medium. In fact, as the 
manufacturers indicate, this medium should be 
used only with sufficiently trained and fully 
experienced laboratory personnel (13). 
 
Commercial Available Systems for identifica-
tion of Streptococci 
A number of commercial kits for identification of 
streptococci are now available in bacteriological 
diagnostic market. The biochemical reaction 
included in these kit systems are interpreted to 
produce the specific microorganism’s biotype 
number which match up with the organism’s 
identity. It is worth noting that laboratory 
personnel should be careful when using these 
commercial identification kits, because 
sometimes these commercial identification kits 
give an incorrect result. For example API Rapid 
Strep will misidentify Leuconostoc organisms as 
viridans streptococci, therefore, further testing is 
needed to confirm the identity of these organisms 
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(31). Another issue with commercial identif-
ication kits is that although they can be used to 
identify the � -haemolytic streptococci, it is better 
to identify this group of streptococci with other 
available methods discussed earlier and use these 
kits for non-haemolytic streptococci (31). Three 
commercial available kits for identification of 
streptococci will be discussed in this paper. 
1. API Rapid Strep 
2. Rapid ID 32 Strep 
3. RapID STR 
 
API Rapid Strep: API Rapid Strep is one of the 
commercial available systems for the identif-
ication of streptococci. The result of this system 
has been shown by other conventional 
biochemical tests and genetic analyses to be 
accurate, sensitive, specific and reproducible. It is 
why API Rapid Strep is now the most widely 
used commercial system for identifying the 
streptococci and Streptococcus-like bacteria. 
Moreover, in some cases, API Rapid Strep 
revealed phenotypic differences not detected by 
conventional methods, giving it a superb position 
in contrast to methods previously exercised in 
microbiology. 
 
In a study conducted by Appelbaum and his 
colleagues the accuracy of API Raopid Strep was 
assessed. In this study, 209 streptococcal samples 
(59 � -haemolytic, 36 group D, 24 Streptococcus 
pneumoniae, and 90 viridans group streptococci) 
were examined. The API Rapid Strep could 
correctly identify 100% of the group D strains, 
84.5% of viridans group of streptococci, 69.5% 
of � -haemolytic strains, and none of S. 
pneumoniae strains, meaning that the method 
provided an excellent identification of groups A, 
� , and D streptococci but failed to distinguish 
between groups C and G (TABLE 13).  However, 
after preparation of a heavy inoculum, 10 strains 
of S. pneumoniae were correctly identified. This 

system also provided a good identification of 
commonly encountered viridans group of 
streptococci (1). Therefore, the API Rapid Strep 
system proved to be a worth-while advance in 
streptococcal species identification especially for 
groups D and viridans streptococci. 
 
TABLE 13: Level of identification of specific streptococci 
by API Rapid Strep before preparation of heavy inoculum. 

 
In another study conducted by Ruoff and 
colleagues, the use of the API Rapid Strep 
System for identification of viridans 
Streptococcus species was studied. A total of 119 
samples were under study 92% of which were 
correctly identified by this kit and 81% of the 
correctly identified samples had the identity 
percentage of 90 or above. This study also 
demonstrated that API Rapid Strep is a fairly 
worthwhile kit for the identification of viridans 
streptococci (28). 
 
Rapid ID 32 Strep: Rapid ID 32 Strep is another 
commercial available system for identification of 
streptococci. The database of this system is more 
inclusive than API Rapid Strep (31). In a study 
conducted by Freney and his colleagues 
published in the Journal of Clinical Microbiology 
and cited in Koneman’s colour atlas and textbook 
of diagnostic microbiology, the semi-automated 
4-hour Rapid ID 32 Strep method for the 
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correctly identified

misidentified

not identified

identification of streptococci and members of 
related genera were evaluated. A total of 433 
isolates that were first identified by conventional 
methods which belonged to the genera of 
streptococci, lactococci, enterococci, aerococci, 
gemella, leuconostoc, erysipelothrir, gardnerella 
and listeria. The author reported that Rapid ID 32 
Strep correctly identified 413 (95.3%) of strains, 
with 109 (25.1% needing additional tests for 
complete identification. 16 (3.7%) were not 
identified and 4 isolates (1%) were misidentified. 
The author concluded that the Rapid ID 32 Strep 
system can be used as an alternative for rapid 
identification of streptococci and related 
mentioned genera (9, 31).  
 
Another study by Kikuchi and colleagues 
reported that Rapid ID 32 Strep system could 
identify 87% of 156 viridans streptococcal strains 
and most of misidentification cases involved S. 
oralis, S. mitis, and S. gordanii (17). 
Furthermore, another study by Jensen and 
colleagues reported that regardless of whether 
automated or manual reading was applied, from 
122 streptococcal and enterococcal isolates, 
Rapid ID 32 Strep could identify 75-77% of the 
strains, 7% were misidentified and 16-18% were 
not identified. FIG 8 demonstrates the result of 
Jensen’s study (15).  

FIG 8: The result of Rapid ID 32 Strep in the study of 
Jensen and co-workers. 
 

RapID STR: The final kit reviewed in this paper 
is RapID STR, a commercially available system 
for the detection and identification of strepto-

cocci. The database of this system includes � -
haemolytic streptococci from groups A, �  and 
C/G, group D streptococci (S. bovis, S. bovis 
variant, S. equines), the S. milleri group (S. 
anginosus, S. constelatus, S. intermedius), 
Enterococcus species. (E. faecalis, E. faecium, E. 
avium, E. cassiliflavus/mundtii, E. durans/hirae, 
E. gallinarum, E. raffinosus, and E. 
malodoratus), viridans streptococcal species (S. 
mitis, S. mutans, S. salivarius/vestibularis, S. 
sanguinis/gordonii), S. pneumoniae, Aerococcus 
species, Gamella morbillorum, Leuconostoc 
species, Lactococcus species (L. morbillorum, L. 
mesenteroides group), and Pediococcus species 
(P. acidilactici, P. pentosaceus). Until now, the 
recently described viridans streptococci, 
enterococci, and Streptococcus-like species are 
not included in the database of RapID STR.  
 
In a study conducted by Appelbaum and co-
workers, the accuracy and reproducibility of the 
RapID STR (Innovative Diagnostic Systems, 
Inc., Atlanta, Ga.) system for identification of 
streptococci species was evaluated. A total of 266 
isolates of streptococci were investigated. These 
included 60 � -haemolytic streptococci, 71 group 
D strains, (48 enterococci, and 23 non-
enterococci), 26 S. pneumoniae, and 109 viridans 
strains. Optochin testing was done on alpha 
haemolytic colonies as is recommended by the 
manufacturer. Surprisingly, RapID STR system 
could correctly identify 100% of � -haemolytic 
strains, 87.3% of group D strains (93.7% of 
enterococci and 73.9% of non-enterococci) 
88.5% of S. pneumoniae and 72.5% of viridans 
strains. However, RapID STR system incorrectly 
identified 3% of strains, including 4 group D 
streptococci, 3 pneumococci, and 1 viridans 
isolate (TABLE 14). The reproducibility of the 
test was very good; almost 95% of strains which 
were tested in triplicate gave the same results on 
each of the three occasions. Therefore, the author 
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concluded that RapID STR system presents a 
valuable advance in identification of strepto-
coccal species, especially for group D and 
viridans strains (2). 
 
TABLE 14: Level of streptococcal identification with the 
RapID STR system. 

From TABLE 14, it can be seen that RapID STR 
is a remarkable system for the identification of 
groups A, � , C, F, G, E. faecalis, and E. faecium 
which are responsible for many diseases. 
Therefore, this kit is a good system for rapid 
identification of streptococci and enterococci in 
clinical specimens.  
 

DISCUSSION 
 

Eleven kits and systems have been reviewed in 
this paper. The methodology and the results of all 
eleven kits and systems have been presented from 
a manufacturer’s point of view and using the 
results of studies conducted by scientists 
evaluating the kits. In the discussion section, four 
categories of these kits will be discussed and one 
from each category will be selected as the 
optimal kit for the identification of streptococci 

according to criteria mentioned in methodology 
and result sections. 
 
Co-agglutination kits 
There have been two co-agglutination kits 
reviewed in this paper. Phadebact Strep Test and 
Meritec-Strep. The data indicates that Meritec-
Strep is a better kit than Phadebact Strep Test 
because it gives a more accurate result and its 
sensitivity and specificity is high. On the other 
hand, Phadebact Strep Test sometimes gives a 
false-positive result when it is used for an 
organism other than � -haemolytic streptococci, 
especially with those microorganisms that are 
antigenically similar to � -haemolytic 
streptococci. For instance, Streptococcus 
pneumoniae can react with the “C” reagent 
giving a false-positive result (26). Moreover, the 
result can sometimes be inconclusive due to the 
insufficient number of colonies, The Phadebact 
Strep Test needs up to 5 colonies for each reagent 
in the kit (26) otherwise the result is 
inconclusinve and the test should be repeated; 
conversely, the Meritec-Strep does not need 
many colonies (usually one colony is enough) 
and there is no need for any repetition of the test 
(19). The result of Phadebact Strep Test is 
sometimes not highly sensitive after incubating 
for 2 hours, but its sensitivity increases after 24-h 
of incubation. Furthermore, in studies conducted 
by Wellstood (30) comparing Phadebact Strep 
Test and Streptex kit; and Hamilton (12) 
comparing Meritec-Strept and Streptex, it was 
revealed that Phadebact Strep Test is not as 
accurate and sensitive as Streptex (TABLE 6) 
while comparison of Meritec-Strep with Streptex 
showed that Meritec-Strep is more sensitive than 
Streptex Kit (TABLE 7). Of the 74 isolates tested 
from primary cultures, Meritec-Strep correctly 
identified 97.3% while Streptex could correctly 
identify 94.6%. It also provided faster results 
than Streptex and Phadebact Strep Test by 
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eliminating the time and manipulation of antigen 
extraction and its ability to give a result with 
fewer colonies when individual group A or B 
reagents were used. 
 
Looking at above mentioned studies, it seems that 
the internal validity of these studies were 
observed; (i.e. in the study of Hamilton, 124 
isolates of streptococci representing almost all 
groups of this organism were evaluated, all 
samples regardless of what groups they belonged 
to were handled and transported similarly and all 
samples underwent the same method to get the 
result.)The result showed a tremendous result for 
Meritec-Strep. Therefore, based on the easy 
usage, accuracy, sensitivity, specificity and the 
need for shorter ID time. The Meritec-Strep is the 
most optimal agglutination kit reviewed in this 
paper. 
 
Latex Agglutination Kits 
Three latex agglutination kits have been reviewed 
in this paper, PathoDX Strep Grouping Kit, 
Slidex Strepto-Kit and Oxoid Streptococcal 
Grouping Kit. All of these kits have amazing 
results in identification of � -haemolytic 
streptococci. I have decided to select Oxoid 
Streptococcal Grouping Kit as the most optimal 
kit because it allows the identification of all � -
haemolytic streptococci and suggests ways to 
identify other streptococcal species as well. The 
result of this test is surprisingly accurate and 
reproducible. Two other kits in this category, 
PathoDX Strep Grouping Kit and Slidex Strepto-
Kit also have good results, but PathoDX Strep 
Grouping Kit sometimes results in false-positive 
and false-negative outcome. Moreover, PathoDX 
Strep Grouping Kit is not a good option for 
identifying group D � -haemolytic streptococci. 
As was mentioned earlier, in a study conducted 
by Davies and colleagues that compared five 
commercial available agglutination kits, it was 

discovered that PathoDX Strep Grouping Kit did 
not show a good result for group D � -haemolytic 
streptococci but the result is exceptionally good 
with � -haemolytic streptococci from other 
groups. In this study, Oxoid Streptococcal 
Grouping Kit could correctly identify 97.9% of 
isolates which is an excellent result (4). 
Furthermore, as far as Slidex Strepto-Kit is 
concerned, the result that was achieved in the 
study conducted by Kristensen et al. was not so 
convincing (TABLE 9) (18). It is worth 
mentioning that both mentioned studies have 
strong internal validity, all kits have been 
operated according to the manufacturers’ 
instructions; to avoid any bias in the study, four 
external biomedical scientists were assigned to 
help with the study. All isolates were examined 
by all five kits and the results were recorded 
separately until the results of all kits were 
available; and finally the result, mentioned 
before, was achieved (4). So, the outcome of the 
study is acceptable, meaning that Oxoid 
Streptococcal Grouping Kit is a better kit than the 
remaining kits. Also, looking back to the result of 
the study conducted by Petts, Oxoid Dryspot 
Streptococcal Grouping Kit (Oxoid Ltd., 
Basingstoke, Hampshire, United Kingdom) could 
surprisingly identify all (100%) � -haemolytic 
streptococci from all groups (85 strains groups A, 
87 strains group � , 30 strains group C, 38 strains 
group D, 23 strains group F, and 65 strains group 
G) that gave it 100% sensitivity, specificity and 
positive and negative predictive values (25). 
However, one important issue about the Oxoid 
Streptococcal Grouping Kit should come into 
consideration: that it needs 10-minute enzyme 
preparation time which is a bit time-consuming. 
But it gives a good result, its sensitivity and 
specificity is high, and besides, time is not a 
crucial component of all laboratories (small 
laboratories are not over-crowded by specimens 
and samples). So this weak point can be ignored 
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in favour of good accurate result. Besides, in 
Slidex Strepto-Kit also enzyme extraction 
suspension needs to be incubated for 10-15 
minutes. Therefore, I decided to select Oxoid 
Streptococcal Grouping Kit as the most 
trustworthy method among latex agglutination 
kits reviewed in this paper for grouping of � -
haemolytic streptococci in clinical laboratories. 
 
Chromogenic Media 
Three chromogenic media have been reviewed in 
this paper. Chromogenic Agar Medium for Group 
B Streptococci, Strepto B ID and Granada 
Medium. After reviewing the methodology and 
results of these three media for the identification 
of group �  streptococci, I decided to choose 
Chromogenic Agar Medium for Group B 
Streptococci as the most optimal one. First, this 
chromogenic medium is easy-to-use and the 
result is achieved in less than 24 hours. Second as 
the study by Perry and colleagues revealed 
Medium �  (Chromogenic Agar Medium for 
Group B Streptococci) demonstrated a 
remarkable 100% sensitivity, specificity, positive 
predictive value and negative predictive value 
(24), while Granada Medium had 100% 
sensitivity but 96% specificity and positive 
predictive values (TABLE  11). On the other 
hand, no other species can generate the red 
colonies on Medium �  other than group �  
streptococci making it easy to distinguish group 
�  from other microorganisms. But, on Strepto �  
ID, some other organisms can also generate red 
colonies giving a false-positive result for the test. 
For example, in the study conducted by Perry and 
colleagues, it was revealed that Streptococcus 
equisimilis also generated red colonies on this 
medium resulting in false-positive (8). Moreover, 
the other chromogenic medium in this paper, 
Granada Medium, is a heat-labile medium and 
needs to be kept refrigerated all the time. Its 
procedure of use is complicated and as it is 

advised by manufacturer, it should be done by 
skilled and professional personnel. Moreover, the 
need for anaerobic incubation of this medium or 
incubating aerobically with a cover slide partially 
covering the inoculum is another dilemma that is 
adhered with this medium. If the medium is kept 
in room temperature, soon it will disrupt and 
gives a considerable incorrect result. So, 
considering the accuracy, sensitivity, specificity, 
easy usage and exclusive red colony generation 
on the Medium �  made me select Medium �  
(Chromogenic Agar Medium for Group B 
Streptococci) as the best user-friendly chromog-
enic medium reviewed in this paper. 
 
Commercial Available Systems for Identifica-
tion of Streptococci: 
Three commercial systems have been reviewed in 
this paper for their ability to identify streptococci. 
API Rapid Strep, Rapid ID 32 Strep and RapID 
STR. The data indicates that RapID STR is the 
most optimal commercial kit reviewed in this 
paper, because looking at methodology and 
results discussed in previous sections it can be 
seen that RapID STR is easier-to-use, and the 
result is more accurate. Furthermore, the database 
of this system encompasses a wide range of 
bacteria and facilitates their identification. When 
comparing the result of API Rapid Strep, Rapid 
ID 32 Strep and RapID STR, it can be seen that 
the result of RapID STR is more accurate and 
sensitive than the remaining two.  For example, 
in the study conducted by Appelbaum and 
colleagues (1), API Rapid Strep could correctly 
detect 100% of group D strains, 84.5% of 
viridans group of streptococci, and 69.5% of � -
haemolytic strains. But it failed to detect any of 
the existing S. pneumoniae strains (TABLE 13). 
 
On the other hand, another study conducted by 
Freney and colleagues evaluating Rapid ID 32 
Strep, found out that in their study Rapid ID 32 
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Strep could correctly identify 95.3% of all 
strains, but 25.1% of them needed additional tests 
for full identification (which can be a weak point 
for this kit); moreover, 3.7% of the isolates were 
not identified and 1% were misidentified (9, 30).  
 
In contrast, when reviewing the result of the 
study conducted by Appelbaum and co-workers 
evaluating the accuracy of RapID STR, it can be 
seen that this system has produced a good result 
in identification of different groups of 
streptococci and enterococci. As was previously 
mentioned in the result section RapID STR could 
correctly identify all � -haemolytic streptococci, 
88.5% of S. pneumoniae, 87.3% of group D 
strains, and 72.5% of viridans strains (TABLE 
14). However this system also misidentified 3% 
of strains that when compared with the result of 
two other commercial kits reviewed in this paper 
is still minimal (2).  
 
So, this system is a reliable system for identifying 
streptococci especially � -haemolytic and group D 
streptococci. It is worth mentioning that the 
validity and credibility of the data and result in 
all these studies are acceptable because of the 
assessors’ attempts to ensure maximum internal 
validity of their studies. For example, in each 
study, a sufficient number of isolates representing 
all strains of streptococci have been evaluated to 
measure the sensitivity of the kits in identifying 
the members of each group. This is when 
commercial kits for identification of streptococci 
have not been designed to identify � -haemolytic 
strains, but this kit could successfully detect all of 
them. 
 
Considering the above data on the accuracy, 
sensitivity and specificity of this kit, and the fact 
that most streptococcal isolates encountered in 
the laboratories are from � -haemolytic 
streptococci and group D, it can be concluded 

that RapID STR is a better option than both API 
Rapid Strep and Rapid ID 32 Strep in the 
identification of different groups of streptococci. 
 
Conclusion 
This paper reviewed some of rapid identification 
methods for identification of streptococci. Four 
categories of these kits were reviewed: 
agglutination kits, latex agglutination kits, 
chromogenic media and commercial systems for 
identification of streptococci. Finally, four kits: 
Meritec-Strep (co-agglutination kit), Oxoid 
Streptococcal Grouping Kit (latex agglutination 
kit), Chromogenic agar medium for group B 
streptococci (chromogenic media) and RapID 
STR (commercial system for identification of 
streptococci) were selected as the most optimal 
kits among their groups. However, some 
laboratories only use one type of agglutination 
kits, in this case, Meritec-Strep is a better kit than 
Oxoid Streptococcal Grouping Kit, because it 
needs very few colonies and is quicker than 
Oxoid Streptococcal Grouping Kit because it 
does not need the enzyme extraction time. It has 
to be mentioned that there are some other kits in 
each of these categories that are not reviewed in 
this paper, so the conclusion drawn from this 
paper is limited to the kits reviewed in this paper. 
Further studies are needed to be conducted to 
draw an overall conclusion about all the kits 
available in each of these categories. 
 
References: 
 
1. Appelbaum, P. C., Chaurushiya, P. S., Jacobs, M. R., 

and Duffett, A. 1984. Evaluation of the rapid strep 
system for species identification of streptococci. J Clin 
Microbiol. 19: 588-591. 

2. Appelbaum, P. C., Jacobs, M. R., Palko, W. M., 
Frauenhoffer, E. E., and Duffett, A. 1986. Accuracy 
and reproducibility of the IDS RapID STR System for 
species identification of streptococci. J Clin Microbiol. 
23: 843-846. 

3. BioMerieux. 2007. SlidexTM Strepto-Kit.  



Aziz Niazi  13346823                                                                                                                                                                                           25 

 

4. Davies, S., Gear, J. E., Mason, C. M., McIntyre, S. 
M., and Hall, L. 2003. Streptococcus grouping latex 
kits: evaluation of five commercially available 
examples. Brit J Biomed Scien. 

5. De La Rosa-Fraile, M. 2003. Granada Agar sensitivity 
and detection of group b streptococcus. J Clin 
Microbiol. 41: 4007. 

6. De La Rosa-Fraile, M. 2005. Liquid Granada Medium 
for detection of group B streptococci. J Clin Microbiol. 
43: 4303. 

7. De La Rosa-Fraile, M. Rodriguez-Granger, J., 
Cueto-Lopez, M., Sampedro, A., Gaye, E., 
Mauelharo, J., and Andreu, A. 1999. Use of Granada 
Medium to detect group B streptococcal colonization 
in pregnant women. J Clin Microbiol. 37: 2674-2677. 

8. ESCMID, European Society of Clinical Microbiology 
and Infectious Diseases. 2006. Prevention of perinatal 
group B streptococcal infections: evaluation of a new 
chromogenic medium STREPTO B ID. 16th European 
Congress of Clinical Microbiology and Infectious 
Diseases. Nice. France. 
http://www.blackwellpublishing.com/eccmid16/abstrac
t.asp?id=49594 

9. Freney, J., Bland, S., Etienne, J., Desmonceaux, M.,  
Boeufgras, J. M., and Fleurette, J. 1992. Description 
and evaluation of the semi-automated 4-hour rapid ID 
32 Strep method for identification of streptococci and 
members of related genera. J. Clin. Microbiol. 30: 
2657-2661. 

10. Gosnell, C. M., Hughes, C. A., and Goldenbaum, P. 
E. 2000. Method for differentiating microorganisms in 
a sample. 2000. US Patent, Patent Storm. Retrieved 
from http://www.patentstorm.us/patents/6130057.html 

11. Granato, P. A., Giachetti-Powers, L. M., Murfitt, K . 
S., and King, D. 1986. Comparative evaluation of 
PathoDx Strep A test and culture for the detection of 
group A streptococci in pharyngeal specimens. Diagn 
Microbiol Infect Dis. 5: 293-298. 

12. Hamilton, J. R. 1998. Comparison of Meritec-Strep 
with Streptex for direct colony grouping of beta-
hemolytic streptococci from primary isolation and 
subculture plates. J Clin Microbiol. 26: 692–695 

13. Hardy Diagnostics.  2008. Granada Medium.  
14. Heelan, J. S., Struminsky, J., Lauro, P., and Sung, 

C. J. 2005. Evaluation of a new selective enrichment 
broth for detection of group B streptococci in pregnant 
women. J Clin Microbiol. 43:896–897. 

15. Jensen, T. G., Konradsen, H. B., and Bruun, B., 1999. 
Evaluation of the Rapid ID 32 Strep system. Clin. 
Microbiol. Infect. 5: 417-423. 

16. Kellogg, J. A.,  Bankert, D, A., Elder, C, J., Gibbs, 
J, L., And Smith, M. C. 2001. Identification of 
Streptococcus pneumoniae Revisited. J Clin Microbiol. 
39: 3373–3375 

17. Kikuchi, K. Enari, T. Totsuka, K-I, and Shimizu, 
K., 1995. Comparison of Phenotypic characteristics, 
DNA-DNA hybridization results, and results with a 
commercial rapid biochemical and enzymatic reaction 
system for identification of viridans group 
streptococci. J. Clin. Microbiol. 33: 1215-1222. 

18. Kristensen, B., Hojbjerg, T., and Schonheyder, H. 
C. 2001. Rapid immunodiagnosis of streptococci and 
enterococci in blood cultures. APMIS. 109: 284-288.  

19. Meridian Bioscience. 2007. MeritecTM -Strep 
Grouping. 

20. Murray, P. R., Rosenthal, K. S., and Pfaller, M. A. 
2005. Medical microbiology, fifth ed, p. 367-376. 
Elsevier Mosby, Pennsylvania 

21. Overman, S., B., Eley, D. D., Jacobs, B. E., and 
Ribes, J. A. 2002. Evaluation of methods to increase 
the sensitivity and timeliness of detection of 
Streptococcus agalactiae in pregnant women. J Clin 
Microbiol. 40:4329–4331. 

22. Oxoid limited. 2008. New Oxoid Streptococcal 
Grouping Kit improves detection of vancomycin 
resistant group D organisms.   

23. Oxoid, Basingstoke,  England. 
24. Perry, J. D., Oliver, M., Nicholson, A., Wright, J., 

and Gould, F. K. 2006. Evaluation of a new 
chromogenic agar medium for isolation and 
identification of Group B streptococci. Lett Appl 
Microbiol. 43: 615–618. 

25. Petts, D., N. 1999. Evaluation of the Oxoid Dryspot 
Streptococcal Grouping Kit for grouping beta-
hemolytic streptococci. J Clin Microbiol. 37: 255-257. 

26. Phadebact® Streptococcus Tests. 2006. Boule 
Diagnostics AB. Huddinge. Sweden. 

27. Rapid Microbiology. 2007. Microbiological Analysis 
using Chromogenic and Fluorogenic Media. Retrieved 
from http://www.rapidmicrobiology.com 

28. Ruoff, K. L., and Kunz, L. J. 1983. Use of the Rapid 
STREP System for identification of viridans 
streptococcal species. J Clin Microbiol. 18: 1138-1140. 

29. Tamayo, J., Go´mez-Garce´s, J. L., Alo´s, J. I. 2004. 
Evaluation of Granada Agar Plate for detection of 
Streptococcus agalactiae in urine specimens from 
pregnant women. J Clin Microbiol. 42: 3834-3836. 

30. Wellstood, S. 1982. Evaluation of Phadebact and 
Streptex Kits for rapid grouping of streptococci 
directly from blood cultures. J Clin Microbiol. 15: 226-
230. 

31. Winn, W., S. Allen, W. Janda, E. Koneman, G. 
Procop, P. Schreckenbeger, and G. Woods. 2006. 
Koneman's color atlas and textbook of diagnostic 
microbiology, 6th ed, Lippincott Williams and 
Wilkins, Philadelphia. 

 


